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ABSTRACT

Objective This systematic review and meta-analysis aim
to evaluate the risk factors associated with postoperative
opioid-induced respiratory depression (OIRD).

Design Systematic review and meta-analysis.

Data sources PubMed-MEDLINE, MEDLINE in-process,
EMBASE, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, PubMed and
Clinicaltrials.gov (January 1946 to November 2017).
Eligibility criteria The inclusion criteria were: (1)

adult patients 18 years or older who were administered
opioids after surgery and developed postoperative OIRD
(OIRD group); (2) all studies which reported both OIRD
events and associated risk factors; (3) all studies with
reported data for each risk factor on patients with no
OIRD (control group) and (4) published articles in English
language.

Data analysis We used a random effects inverse variance
analysis to evaluate the existing evidence of risk factors
associated with OIRD. Newcastle-Ottawa scale scoring
system was used to assess quality of study.

Results Twelve observational studies were included from
8690 citations. The incidence of postoperative OIRD was
5.0 cases per 1000 anaesthetics administered (95% Cl:
4.8 t0 5.1; total patients: 841 424; OIRD: 4194). Eighty-
five per cent of OIRD occurred within the first 24 hours
postoperatively. Increased risk for OIRD was associated
with pre-existing cardiac disease (OIRD vs control: 42.8%
vs 29.6%; OR: 1.7; 95% Cl: 1.2 to 2.5; 1 0%; p<0.002),
pulmonary disease (OIRD vs control: 17.8% vs 10.3%; OR:
2.2; 95%Cl: 1.3 t0 3.6; 1% 0%; p<0.001) and obstructive
sleep apnoea (OIRD vs control: 17.9% vs 16.5%; OR: 1.4;
95%Cl: 1.2 t0 1.7; 1% 31%: p=0.0003). The morphine
equivalent daily dose of the postoperative opioids was
higher in the OIRD group than in the control; (24.7+14mg
vs 18.9+13.0 mg; mean difference: 2.8; 95% Cl: 0.4

t0 5.3; %: 98%; p=0.02). There was no significant
association between OIRD and age, gender, body mass
index or American Society of Anesthesiologists physical
status.

Conclusion Patients with cardiac, respiratory disease
and/or obstructive sleep apnoea were at increased risk
for OIRD. Patients with postoperative OIRD received higher
doses of morphine equivalent daily dose.

Strengths and limitations of this study

» This is the first meta-analysis to provide a com-
prehensive, up-to-date analysis of the available
evidence on the risk factors associated with opi-
oid-induced respiratory depression in in the postop-
erative period.

» This is the first meta-analysis which addresses
‘whom to monitor’ (cardiac, respiratory disease and/
or obstructive sleep apnoea) and ‘when to monitor’
(up to 24 hours) for postoperative opioid-induced re-
spiratory depression.

» This meta-analysis has limitations inherent to ob-
servational studies, as quality and completeness of
medical records would have adversely influenced
the results.

» There could be a publication bias, as we searched
only articles in English language.

INTRODUCTION

Opioids are the cornerstone therapy for the
management of moderate to severe postoper-
ative pain, but they have numerous adverse
effects, the most serious being opioid-induced
respiratory depression (OIRD).' Postoper-
ative OIRD increases perioperative cost and
hospital length of stay (LOS) and may result
in permanent morbidity and mortality.” The
major cause of opioid-related death is OIRD,
which leads to hypoxia and hypercapnia,
further accentuating the vicious cycle, finally
causing cardiorespiratory arrest.

Challenges exist in studying this important
postoperative complication. First, the defini-
tions of OIRD vary. This results in a widely
varied reported incidence ranging from
0.04% to 0.5% when naloxone utilisation is
used as a surrogate to 23%-41% when OIRD
is assessed by hypoxaemia or bradypnoea.*™*
Second, when OIRD is restricted to a narrow
definition (naloxone administration), its inci-
dence is too low for evaluation with standard
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prospective randomised control trials. Over the past few
years, several observational studies have been published
that examined postoperative OIRD.*™*

A better understanding of risk factors predisposing to
OIRD could potentially lead to better prevention strat-
egies. The primary objective of this systematic review
and meta-analysis (SRMA) was to evaluate the published
literature to identify the potential associations between
patient and procedural characteristics and postoperative
OIRD. Knowledge of risk factors of OIRD will enable the
healthcare providers to take appropriate precautions,
plan risk mitigation, titrate the dose of opioids and use
enhanced monitoring in high-risk patients.

METHODS

The reporting of this study followed the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses guidelines."”

Patient and public involvement
This study is a SRMA and does not involve the patients
and or public.

Search strategy

Literature sources

The literature search was performed with the help of an
expert research librarian familiar with the content area.
The following databases were searched using the MeSH
keywords according to the predesigned protocol (online
supplementary file S1): PubMed-MEDLINE, MEDLINE
in-process, EMBASE and EMBASE Classic, Cochrane
Central Register of Controlled Trials, Cochrane Database
of Systematic Reviews, PubMed and ClinicalTrials.Gov.
Initial search was first conducted from January 1946 to
November 2016. Full search strategy (including MeSH
terms) is shown in online supplementary file S2. A repeat
search was performed in November 2017 just before
finalising our data for statistical analyses to find any new
studies on OIRD.

Inclusion and exclusion criteria

This systematic review included adult surgical patients
(=18 years), who were administered opioids during their
hospital stay after surgery and had postoperative OIRD
(OIRD group). We included observational studies that
reported both OIRD events and risk factors that predicted
or were associated with the occurrence of OIRD. Studies
which reported data for each risk factor in the control
group were included in the meta-analysis. Case reports,
editorials and letters to journals were excluded. Only
published articles in the English language were selected.

Outcome definition

For this SRMA, OIRD was defined by including the
definitions of OIRD from all 12 studies,g_14 that is,
naloxone administration for reversal of respiratory
depression (respiratory rate <8/min and/or oxygen

saturation <90% and/or apnoea 210s), excessive sedation
or upper airway obstruction.

Study selection process

Studies were selected independently by two reviewers
(KG, MN/AP), who first screened the titles and abstracts
to determine whether the studies met the eligibility
criteria. Full text copies of articles that were deemed to
be potentially relevant were retrieved. Any disagreements
were resolved by consulting the senior author (FC).
Duplicate publications were excluded. A citation search
by manual review of references from primary or review
articles was also performed.

Data extraction

A data extraction form was designed and piloted by
one of the authors (KG). All data were extracted inde-
pendently by two reviewers (KG and MN). If a consensus
could not be reached, the senior author was consulted
(FC) to make the final decision. The following infor-
mation was collected from each study: author, year of
publication, country of origin, study design, total sample
size, number of patients with OIRD, location and time
of OIRD (<12hours and <24 hours), type of surgery and
anaesthesia, medical comorbidities, outcomes reported
and risk factors for OIRD. For the purpose of meta-anal-
ysis, data collection to evaluate the risk factors for OIRD
were divided into the following categories: (1) demo-
graphic risk factors: age, gender, body mass index (BMI)
and American Society of Anesthesiologists (ASA) phys-
ical status; (2) medical comorbidities: cardiac disease,
pulmonary disease, obstructive sleep apnoea (OSA),
diabetes mellitus (DM), renal disease and other; (3) type
of surgery (general, orthopaedics, thoracic, urology, head
and neck, transplant and neurosurgeries); (4) opioid-re-
lated risk factors: types, doses (morphine equivalent daily
dose (MEDD)), routes of delivery (patient-controlled
(PCA), epidural, intravenous, oral, nurse-administered
analgesia) and concomitant administration of sedatives;
(5) types of anaesthesia (general anaesthesia, neuraxial
anaesthesia and combined general and neuraxial anaes-
thesia) and (6) LOS. Two investigators (KG,MN) evalu-
ated study quality in accordance with the Meta-analysis
Of Observational Studies in Epidemiology guidelines and
Newcastle-Ottawa scale.'®!”

Statistical analysis

Meta-analyses were performed to identify the potential
risk factors for developing OIRD across demographics,
medical comorbidities, types of surgery and anaesthesia
and opioid-related characteristics. A risk factor was
considered for meta-analysis if it was evaluated, and data
were available in at least two studies. For dichotomous risk
factors (eg, gender, comorbidities), OR comparing each
risk factor with 95% CI, was calculated from the number
of events in each group and total number in each group.
For continuous risk factors (eg, age, BMI, MEDD and
LOS), the weighted difference in means between groups
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was calculated from the mean and SD in each group. The
inverse variance method was used to pool effect estimates
for both dichotomous and continuous risk factors. The
effect sizes were pooled using random effects models. For
statistically significant risk factors, influential analysis was
performed. The analysis was conducted using the Review
Manager software (RevMan, V.5.3). P<0.05 was consid-
ered as statistically significant. Heterogeneity between
studies was assessed using the I° statistic. Heterogeneity
was explored by excluding each of the studies and esti-
mating the contribution of trials towards heterogeneity.

A symmetrical inverted funnel plot was considered as the
absence of publication bias. This was cross-checked by
Egger’s regression test.

RESULTS

Our initial search yielded 8690 citations (figure 1). After
deduplication, 6984 records were screened by titles and
abstracts, and 125 articles were extracted for full-text
reviews. Twelve observational studies met the inclusion
criteria for the systematic review.”'* The systematic
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Figure 1 Flow diagram of search strategy used for systematic review and meta-analysis.
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Table 1 Demographic data of OIRD

Total Total OIRD  OIRD within 12 OIRD within 24 _OIRD group
Study ID et al (country) patients (n) n (%) hours—n (%) hours—n (%) Age (year) Women(n) BMI (kg/m?
Etches® 1600 11 (0.69) 6 (55%) 9 (82) 55+16 3 NA
(Canada)
Gordon and Pellino™ 10511 44 (0.53) NA 25 (57) 60+16 36 NA
(USA)
Shapiro et a/'® 1524 18 (1.18) NA NA 51+24 14 25.416.5
(Israel)
Taylor et al® - 62 35 (56) 48 (77) 68+16 38 NA
(USA)
Overdyk et al'? 178 73 (41) NA NA NA NA NA
(UsA)
Ramachandran etal’' 85650 32 (0.04) NA 27 (84) 52+17 18 32.5+9.2
(UsA)
Khelemsky et al® 442699 433 (0.10) NA NA 60+16 260 27+7
(UsA)
Lee et al® 9799 claims 92 claims NA 81 (88) 50+18 52 NA
(UsA)
Weingarten et al® 84533 134 (0.16) 78 (58) 110 (82) 65+15 78 28.9+6.8
(UsA)
Weingarten et al” 11970 2836 (23.70) 2836 (100) 2836 (100) 65+12 1434 3116
(USA)
Rosenfeld et al® 28151 108 (0.38)  NA 66 (61) 64+16 56 NA
(USA)
Weingarten et al* 164809 413(0.25) 413 (100) 413 (100) 61+16 221 28+7
(USA)
Total n (%) 841424 4194 (0.5) 3333 (0.4) 3567 (0.42) 58+6 2210 28.8+3

BMI, body mass index; n, number; NA, not applicable; OIRD, opioid-induced respiratory depression.

review of included studies is given in the tabular column
in online supplementary file S3. The definitions of OIRD
varied across studies (online supplementary file S4).
These studies were comprised 841424 surgical patients,
out of which 4194 patients (0.5%) developed postop-
erative OIRD, with an incidence of 5.0 cases per 1000
anaesthetics delivered (95% CI: 4.83 to 5.14). Among post-
operative OIRD events, 80% (3333/4194) occurred within
first 12hours and 85% (3567,/4194) within first 24 hours
(table 1). Mean age™' " '* and BMI* OIS of patients
with OIRD was 58+6years and 28.8+3 kg/mQ, respectively
(table 1). The quality of studies was scored according to
the Newcastle-Ottawa Scale scoring system. The study
quality scores varied from 5 to 9 (online supplementary
file S5 and S6).

Five studies provided data on OIRD and control groups
for inclusion in the meta-analysis. These studies were
assessed for potential associations between variable risk
factors and postoperative OIRD.*®7* * Figures 2 and 3
summarise the meta-analyses of potential risk factors cate-
gorised into demographic risk factors, medical comor-
bidities, types of surgical procedures, opioid-related risk
factors and LOS.

Demographic risk factors

There was no significant difference between OIRD versus
control group in terms of age, gender, BMI and ASA phys-
ical status (figure 2). In five studies with data on age, the
mean age in OIRD and control group was similar (OIRD
vs control; 64+lyears vs 61i2years).4 5781 Approxi-
mately 50% of patients in the OIRD group and approxi-
mately 56% of patients in control group were of female
gender.*>”®!* The mean BMI was 29.6+1.8kg/m”in OIRD
vs 22.9+12.7kg/m” in control group.*”® Nearly 69% and
31% of patients were ASA I-II and ASA >IIIrespectively,
in the OIRD group.*”®

Comorbidities

In 3706 patients with postoperative OIRD, the prevalence
of cardiac disease was 45%,” * ' DM 23%,° "' 1 respi-
ratory disease 17%,° 8111 OSA 18%*® '* and renal
disease 17%,”> "' '* respectively (online supplementary
file S7). Among patients with respiratory disease, 81%
had chronic obstructive pulmonary disease.” ® 1 1 Wwe
revealed that patients with cardiac disease (OIRD vs
control: 42.8% vs 29.6%; OR: 1.79; 95% CI: 1.2 to 2.5; 1%
0%; p<0.002)°* and pulmonary disease (OIRD vs control:
17.85% vs 10.36%; OR: 2.27; 95% CI: 1.3 to 3.6; I*: 0%;
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TrialsRisk factor'2 (%) OIRD Control
Group Group
Demographic risk factor
SAge® 6411/3501 61£2 110346
" SFemale®
1775/3501 5849/10346
" 3pmis?
BMI 29+1/3383 22+12/10228
T2 91
ASAL& I 2245/3249 7197/9960
2 84
ASA> I 2245/3249 7197/9960
Medical Comorbidities
2Cardiac Disease® 84/196 98/330
3Pulmonary Disease® 45/252 40/386
S0sA®! 511/2735 942/5779
2Diabetes Mellitus® 46/190 57/324
2Renal Disease® 23/118 16/118

Pooled estimate OR(95% Cl)
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Figure 2 Meta-analysis evaluating the risk factors for respiratory events between OIRD and control groups in patients
undergoing surgery. The pooled OR for each risk factor is plotted along with the 95% CI summarises the effect size using the
inverse variance random effects model. Age and BMI represented as mean+SD. ASA, American Society of Anesthesiologists;
BMI, body mass index; I, heterogeneity; OIRD, opioid-induced respiratory depression; OSA, obstructive sleep apnoea.

p<0.001)°* " were associated with increased risk for post-
operative OIRD (figure 2).

Nine studies evaluated OSA as a risk factor for
OIRD.*™ """ Out of 8706 OIRD patients, 669 patients had
OSA (18%). Due to lack of data in the control group, only
five studies were combined in the meta-analysis.*° 7 '* In
these five studies’ ® 7 ® ' involving 13847 patients, three
studies provided data on multivariate adjusted OR* 78 and
two studies on univariate unadjusted OR.”'* OSA was found
to be significantly associated with OIRD (OR: 1.4; 95% CI:
1.2 to 1.7; 1% 81%; p=0.0003) (figure 2). Our analysis showed
that one study contributed the maximum heterogeneity.”
When recalculated with exclusion of this study, pooled

estimate was slightly decreased without affecting the final
inference of our results (OR: 1.3; 95% CI: 1.16 to 1.48; %
0%; p<0.0001). The symmetrical funnel plot and egger’s
regression test confirmed the absence of the publication
bias.

Surgical risk factors

The type of surgical procedures were general and
transplant (29%),7°0 & 1 orthopaedic (84%), ™
thoracic and vascular (19%),””* ' uro-gynaecological
(15%),>°8 1 neurosurgeries (5%)**® " and head and
neck surgeries (5%)*° ' (online supplementary file
S8). Seven studies reported on surgical procedures
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TrialsRisk factor'2 (%) OIRD Control
Group Group

Surgical risk factor
3General & Tranlsplants® 171/609 316/1156
3Orthopaedics® 167/609 312/1156
3Thoracic & Vascular? 126/609 24711156
2Head & Neck® 25/475 48/888
zNeurologicalo 25/547 50/1094
3Uro-Gynecological® 94/609 182/1156
Opioid related risk factor
“MEDD Dose% 24+14/3439 18+13/10284
2pCA®® 371118 401118
2Epidural’® 191118 25/118
3, 5 : ~1n60

Concomitant Sedation 367/603 72111150
3 91

LOS 8.842.7/531 7.742.3/944

Pooled estimate OR (95% Cl)

et
=
-
-
rJ
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Figure 3 Meta-analysis evaluating the risk factors for respiratory events between OIRD and control groups in patients
undergoing surgery. The pooled OR for each risk factor is plotted along with the 95% Cl summarises the effect size using
the inverse variance random effects model. 12, heterogeneity; LOS, length of hospital stay represented as mean+SD; MEDD,
morphine equivalent daily dose; OIRD, opioid-induced respiratory depression; PCA, patient-controlled analgesia.

involving 3617 patients with OIRD,”® ' with 3039
(84%) being orthopaedic surgery. No differences in
surgical categories were detected between OIRD and
control group (figure 2).

Opioid-related risk factor

Four studies reported data on dosage of opioids in
OIRD and control group.* 7814 The MEDD of postoper-
ative opioids was higher in OIRD than control (OIRD vs
control: 24.7+t14mg and 18.9+13.0 mg; mean difference:
2.8; 95% CI: 0.4 to 5.3; I%: 98%; p=0.02) (figure 3). In six

studies, 57% (231/402) of patients with OIRD received
PCA.?? 91121 Nearly 40% of OIRD patients had back-
ground continuous infusion of intravenous opioids in
addition to PCA.?%'° 2 1n four studies, 18.8% (60/318) of
patients with OIRD received epidural opioids.”” '’ '* Five
studies involved 329 patients with OIRD, where nearly
32% received the analgesia either by oral or intravenous
route.”” ® 11 Approximately 56% (399/703) of patients
with OIRD received concomitant sedation in addition to

opioids*®®!1°!* (online supplementary file S9).
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Anaesthesia type and LOS

Only two studies provided data on anaesthesia type as a
risk factor for OIRD.*® No significant difference in the
incidence of OIRD existed between general anaesthesia
and general anaesthesia supplemented by neuraxial anal-
gesia. Three studies provided data on LOS involving 531
patients in OIRD and 944 patients in control.*” * The
mean difference in LOS was 1.26 days longer in OIRD
versus control without any statistical significance (OIRD
vs control: 8.84+2.75 vs 7.79+2.31 days; MD: 1.26; 95% CI:
-0.06 to 2.58; p<0.06) (figure 3).

DISCUSSION

To date, this is the first SRMA which evaluated the risk
factors associated with OIRD in surgical patients. The
incidence of postoperative OIRD in our study population
was 5.0 cases per 1000 anaesthetics delivered, where 85%
of cases occurred within the first 24 hours. We identified
three patient risk factors: coexisting cardiac disease (1.79-
fold), pulmonary disease (2.27-fold) and OSA (1.49-fold)
that were associated with an increased risk for postop-
erative OIRD. Patients with OIRD received 23% higher
MEDD than controls.

There was an increased risk of postoperative OIRD in
patients who had an underlying cardiac or pulmonary
disease. Although the presence of underlying chronic
disease is associated with a higher rate of postoperative
complications,* * "' * ¥ the potential mechanisms for
these associations are not clear. These diseases could be
markers of overall poor health and diminished cardio-
respiratory functional reserve, resulting in a decreased
ability to tolerate postoperative opioid analgesics. Alter-
natively, these diseases themselves may increase patient
sensitivity to opioids, thereby increasing the risk for
complications.

Recently, Ramachandran et al reported that the pres-
ence of cardiac or respiratory disease was independently
associated with increased risk of postoperative respira-
tory complications.'? Weingarten et al reported that 34%
patients with postoperative OIRD had pre-existing cardiac
disease and 25% had pre-existing pulmonary disease.® In
a US health plan claims database, the presence of cardio-
pulmonary diseases is included in the screening risk
index for serious prescription OIRD or overdose.”’ We
need to develop a screening risk index to quantify the
risk of postoperative OIRD.

Our SRMA indicated that OSA was associated with
1.4-fold higher odds of OIRD compared with control
group. OSA remains undiagnosed in many surgical
patients.”’ High risk of OSA (STOP-Bang >3) was associ-
ated with 8.75-fold risk of perioperative complications.** In
a meta-analysis of patients with OSA undergoing cardiac
surgery, postoperative tracheal intubation and mechan-
ical ventilation was significantly higher in OSA than
patients with non-OSA.” Up to 50% of surgical patients
who died within first 24hours due to critical respiratory
events had OSA diagnosis."" In a closed claims analysis,

OSA or suspected OSA was present in 24% of patients
with postoperative OIRD. "

OSA has many endotypes and phenotypes.** In patients
with OSA, opioids attenuate the arousal response to
hypoxia and prolongs airway obstruction.” ** The physi-
ological phenotype of OSA with a high arousal threshold
may be more sensitive to the sedative effects of opioids
and anaesthetic drugs.”” This subgroup has a higher risk
of developing OIRD, hypoxaemia and adverse respi-
ratory events, as they depend on arousal for adequate
airway and oxygenation.”*® The Society of Anesthesia
and Sleep Medicine Guidelines recommend that an insti-
tutional protocol for patients with known or suspected
OSA should be developed, including type of anaesthesia,
choice of medications, postoperative analgesic regimens,
monitoring and appropriate perioperative referral in
order to reduce complications and ensure best possible
patient outcome.””

An excessive dose of opioids was administered in 16%
of insurance claims of postoperative OIRD.'’ Weingarten
et al highlighted that the administration of higher doses
of intraoperative opioids (MEDD 40mg (29-50mg),
p<0.001) was significantly associated with a higher inci-
dence of OIRD, with a 22% higher risk of OIRD with
every 10mg intravenous MEDD.* The mean MEDD
opioid dose in patients who died due to respiratory-re-
lated critical event had been shown to be 0.55 mg/kg/day
(range: 0.26-0.88mg/kg/day) and increased sensitivity
to opioids may play a role in OIRD."

Subramani et al reported that some surgical patients
with death or near-death events received a low opioid
dose of MEDD <10mg/day.”® Further analysis of the
dosage of intravenous opioids found a clear dose—
response pattern with increased odds of death/near-
death with increasing dose of opioids (ORs of 1.0, 1.5 and
3.0 at opioid doses of <10mg, 10-25mg and >25mg; p
for trend <0.005).*® Chung et al reported that 72hours
total opioid dose is a predictive factor for postoperative
sleep-disordered breathing.® A significant increase in
central sleep apnoea occurred in patients on high doses
of opioids (MEDD >200 mg/day) for chronic pain.*® With
higher doses of opioids, the increase in sleep-disordered
breathing can be an important contributor to OIRD.

Use of PCA for analgesia may lead to administration
of a higher total dose of opioids, thus enhancing the risk
of OIRD.” A continuous background infusion of opioids
compounds the risk of OIRD, especially 8-24hours after
start of the infusion as the effectsite concentration of
opioids and their metabolites reach their peak at this
time.” *' Continuous background infusion of opioids
should be avoided while using PCA as there is no phar-
macokinetic advantage of PCA morphine together with a
background opioid infusion.”

In this review, concomitant administration of sedatives
and opioids was revealed in 56% of patients with OIRD. A
propensity-matched analysis of the effects of preoperative
gabapentin to patients undergoing laparoscopic surgery
found that gabapentin was associated with an increased
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rate of OIRD postoperatively.”® The continuation of
home gabapentin/pregabalin into the postoperative
period was strongly associated with a sixfold increase in
OIRD in surgical wards.”® In closed claims analysis, coad-
ministration of sedatives and opioids occurred in 34% of
postoperative OIRD."

In a retrospective analysis of inpatient discharges,
Overdyk et al reported a 3.5-fold increased risk of cardio-
pulmonary arrest in patients who were administered seda-
tives together with opioids compared with only a 1.8 times
increased risk with either sedatives or opioids alone.” In a
study of veterans who died due to opioid overdose, coad-
ministration of benzodiazepines and opioids increased
the risk of mortality fourfold.” Concomitant administra-
tion of sedatives and opioids is an avoidable risk factor. In
a multimodal analgesic regimen, decreasing the dose of
opioids when gabapentins is administered may minimise
the risk of OIRD.” Education of healthcare providers and
patients regarding the risk of opioids and sedatives is the
key to decrease risk of OIRD.

Our meta-analysis showed that the majority of OIRD
is reported within the first 12hours and 24hours
accounting for 80% and 85% OIRD, respectively. Similar
to our results, 88% of insurance claims were related to
postoperative OIRD within 24 hours."’ Two other studies
highlighted that around 60% of postoperative critical
respiratory events occurred within 12hours postopera-
tively.” The highest risk period for OIRD is the first 6-hour
postsurgical period* ”® with 34% of the critical respira-
tory events."" This is probably due to a combination of
the residual effects of anaesthetic medications. It has
been suggested that prolonging the Post Anesthesia Care
Unit (PACU) stay in patients with high-risk of OIRD may
decrease the incidence of critical respiratory events, as a
result of more intensive monitoring and earlier interven-
tion.™ Enhanced monitoring during this period in the
vulnerable patients will mitigate OIRD.**”*® The sample
size and number of studies included in each of these risk
factors varied as the authors of the various studies did not
examine the same risk factors to evaluate the postoper-
ative OIRD. Some of the studies in this review found a
significant association between postoperative OIRD and
age >b0years,” "BMI* and ASA 3 or 4,* but the pooled
estimate did not find any significant association with age,
gender, BMI or ASA physical status.

To prevent OIRD, the use of sedatives like benzodi-
azepines and gabapentin together with opioids should
be minimised. Age, BMI, gender and comorbidities
of patients should be considered while administering
opioids. Continuous background infusion of opioids
should be avoided while using PCA. Multimodal analgesia
and an opioid sparing strategy with use of non-opioid
analgesics will decrease risk of OIRD.*

In the postoperative period, enhanced monitoring of
levels of sedation and ventilation (respiratory rate (RR),
pulse oximetry and capnography) especially in patients
with high-risk of OIRD such as cardiopulmonary diseases,
and OSA will enable us to detect OIRD and intervene

earlier.”** Although the majority of studies in this SRMA
were conducted in USA, the results are quite generalis-
able, as these studies are conducted from different insti-
tutions involving different population at different time
period.

This meta-analysis has the limitations inherent to
observational studies, as the quality and completeness of
medical and nursing records would have adversely influ-
enced the study results. Naloxone administration was
used to measure OIRD in 75% of studies.*”*" > 1* As mild
cases of OIRD may not be reported, the true incidence
of OIRD would have been underestimated, leading to a
measurement bias. Typically, OIRD is defined using two
classes of criteria: (1) ‘threshold criteria’, where OIRD is
a deviation of RR, pulse oxymetry value or arterial carbon
dioxide tension from an arbitrary threshold and (2)
‘rescue criteria’ using indirect evidence of OIRD, such as
the use of an opioid or sedative reversal drug, positive pres-
sure ventilation or a documented respiratory arrest. Such
‘rescue criteria’ interventions are sensitive, but non-spe-
cific markers for OIRD, and occur less frequently than
events meeting threshold criteria. Naloxone administra-
tion is the only treatment currently available to reverse
OIRD, and all our studies included in the meta-analysis
used the naloxone as the rescue criteria.

In addition to these limitations, some of the risk
factors evaluated in our study had the high heteroge-
neity. However, the thresholds for the interpretation of
I can be misleading, since the importance of inconsis-
tency depends on several factors.*’ In our meta-analysis,
heterogeneity was expected as the studies had the consid-
erable variation as they were conducted at different time
periods, in different population and different centres.
Further, the lack of uniformity in the data prevented us
to perform the meta-regression analysis and explore the
heterogeneity. Finally, publication bias cannot be ruled
out as our inclusion criteria included only the articles
published in English language.

In conclusion, the incidence of postoperative OIRD was
0.5% and 85% which occurred within the first 24 hours.
Increased risk for OIRD was associated with pre-existing
cardiac disease, pulmonary disease and OSA. The admin-
istration of higher doses of opioids is associated with an
elevated risk of OIRD. These findings should be used to
develop strategies for enhanced monitoring of high-risk
surgical patients requiring opioid analgesia to prevent
OIRD.
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