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Abstract

Background While extensive evidence is available on the adverse events (AEs) related to agents used to perform
general anesthesia and procedural sedation from a clinical standpoint, much less is known about their economic
impact on healthcare systems. This study aims to fill this gap combining an umbrella review of systematic reviews and
an economic empirical analysis.

Methods \We performed an umbrella review of systematic reviews and meta-analyses identified through PubMed
and Web of Science searches conducted through September 2024 to map the anesthetic agents for which
quantitative data exist on the incidence of AEs in adult patients undergoing procedural sedation or general
anesthesia in developed countries. Data were used to conduct a gross costing estimate of the economic burden of
these agents, using the Italian healthcare system as a case study. This analysis was complemented by a systematic
literature review aimed at identifying cost estimates of anesthetic-related complications.

Results We included 168 systematic reviews and meta-analyses in the umbrella review. The gross costing estimation
suggested that intravenous anesthetics (specifically propofol, etomidate, ketamine) and dexmedetomidine are the
agents with the highest complication costs to the Italian healthcare system. Cognitive disorders and delirium were
the most expensive complications described in the 22 publications identified in the systematic literature review
which focused on costs; however, there was major heterogeneity in cost estimates across countries. Moreover, the
lack of data uniformity in the estimation methods impaired further comparisons across anesthetic agents.

Conclusion Anesthetic-related complications costs are a crucial element that, together with clinical effectiveness,
should drive adoption and reimbursement decisions. While this study identifies key AEs and estimates their costs, a
major research gap still exists. Future research should improve the way such costs are estimated since direct costs
of drugs and supplies to manage complications are by far lower than costs associated with nurses and physician
labor, postponement of other surgical procedures, and intensive care unit admissions for monitoring or treating
complications. Micro costing analyses are needed to improve the evidence available in this area.
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Background
In modern medical practice, anesthetic agents for pro-
cedural sedation and general anesthesia are extensively
used across a spectrum of diagnostic and therapeutic
procedures, ensuring patient comfort and procedural
efficacy. However, they do not come without risk, and,
during a procedure, an anesthesiologist might encounter
several complications, including apnea and hypoxemia,
airway obstruction, arterial hypotension, bradycardia,
and aspiration [1-3]. The frequency and severity of these
adverse events (AEs) not only affect patient outcomes but
also lead to increased healthcare services utilization and
costs. They can result in extended hospital stays, addi-
tional medical interventions, and, in severe cases, legal
implications due to patient harm. Much is known about
anesthetic-related AEs from the clinical standpoint.
However, a critical gap in the literature remains on the
economic impacts of anesthetic-related complications.
This study aims to fill this gap by reviewing the exist-
ing literature to outline the current understanding on
the clinical and economic burden associated with AEs
of the anesthetic agents used in procedural sedation
and general anesthesia. By identifying under-researched
issues and synthesizing available data, this study seeks to

Table 1 PICOT framework, inclusion and exclusion criteria for
the umbrella review of anesthetic agents used for procedural
sedation and general anesthesia, and their associated adverse
events

Inclusion

Exclusion

Population

Intervention

Adult patients undergoing
procedural sedation or gen-
eral anesthesia

Any

Pediatric patients,
non-human subjects

N/A

Comparison N/A (this study is not con- N/A (this study is
ceived to be comparative) not conceived to be
comparative)
Outcome AEs associated with general N/A
anesthesia or procedural se-
dation and their frequency of
occurrence
Time (i.e, publi-  No restrictions N/A
cation year)
Settings Procedural sedation or Regional anesthesia,

general anesthesia (both

for inpatients and for day-
hospital and/or outpatient
services, ICU sedation
included). OECD countries
(focus on Europe, US, Canada,
Japan, South Korea, Australia).
Only systematic reviews and
meta-analyses

local anesthesia,
systematic reviews
and meta-analyses
focused specifically
on developing coun-
tries/low-middle-
income countries,
types of journal
articles or publica-
tions different from
systematic reviews
and meta-analyses

ICUintensive care unit, N/Anot available (not relevant) OECD Organization for

Economic Co-operation and Development, US United States
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enhance the knowledge base, guiding future research and
policy decisions to optimize patient care and resource
allocation through selection of the most appropriate
anesthetic agents, also considering AEs and their costs.

Methods

We conducted an umbrella review of systematic reviews
and meta-analyses to identify a comprehensive list of
anesthetic agents used for procedural sedation and gen-
eral anesthesia, and their associated AEs. This analy-
sis was complemented by a systematic literature review
focused on identifying studies estimating anesthetic-
related complication costs. Both studies followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) reporting guidelines [4]. The
systematic literature reviews were supplemented by
a gross costing estimate based on frequencies of AEs
occurrence retrieved from the umbrella review.

Umbrella review

Given the large number of studies addressing compli-
cations related to anesthetic agents, and to ensure the
highest possible level of evidence quality and synthesis,
an umbrella review of systematic literature reviews and
meta-analyses was deemed the best-suited method. To
be included, systematic reviews and meta-analyses had to
report quantitative data on AEs frequency of occurrence
and focus on adult patients undergoing procedural seda-
tion or general anesthesia using any type of anesthetic
agent. To ensure homogeneity of anesthetic protocols
implemented in clinical practice we focused on data from
developed countries. The detailed Patient-Intervention-
Comparator-Outcomes-Time horizon (PICOT) frame-
work implemented in this analysis is displayed in Table 1.

To identify all relevant systematic reviews, Web of Sci-
ence and PubMed databases were searched on Septem-
ber 20, 2024. The search strategy was drafted and further
refined through team discussion. Details on the search
strings implemented are available in the Supplementary
Materials (Table S.1).

Four authors participated in a pilot screening of the
titles and abstracts retrieved from the electronic database
search and revised the screening and data extraction pro-
cedure before full-scale review. Two authors evaluated
the titles, abstracts and then the full text of all studies
identified. Uncertainties were resolved through consen-
sus and discussion with a third author.

Data on year of publication, anesthetic agents, AEs
reported and their frequency of occurrence (number of
events divided by the total number of study participants),
severity of the complication, and clinical setting were
abstracted. The resulting dataset was screened to elimi-
nate data related to anesthetic agents withdrawn from the
market, AEs deemed not directly related to the anesthetic
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agent, or abnormal frequencies of AE occurrence, based
on expert opinion.

Systematic literature review on anesthetic-related AEs
costs

To provide estimates of costs or broader economic con-
sequences of AEs generated by anesthetic agents used in
the context of procedural sedation or general anesthesia,
the database search was refined based on the anesthetic
agents identified in the umbrella review. Consistent
with the umbrella review, studies had to focus on adult
patients based in developed countries undergoing proce-
dural sedation or general anesthesia; no restriction was
imposed on time limits of the publication period. In con-
trast to the umbrella review, all types of peer-reviewed
studies with estimates of costs or broader assessments
of the economic impact of AEs related to anesthetic
agents used in procedural sedation or general anesthesia
were eligible. The PICOT framework and inclusion and
exclusion criteria are summarized in Table 2. Details on
the search strings implemented in Web of Science and
PubMed up to September 20, 2024, are available in the
Supplementary Materials (Table S.3).

The review screening followed the same process as
the umbrella review. We abstracted data on cost esti-
mates, publication year, clinical setting, country, method
used to estimate cost data (e.g., real-world data from

Table 2 PICOT framework, inclusion, and exclusion criteria

for the systematic literature review on costs and economic

consequences of anesthetic-related AEs
Inclusion

Exclusion

Pediatric patients,
non-human subjects

Population Adult patients undergo-
ing procedural sedation or
general anesthesia

Use of any of the anesthetic ~ N/A
agents identified in the

umbrella review

Comparison N/A N/A

Outcome

Intervention

Estimates of costs, economic
impact/burden of anesthe-
sia-related adverse events

Time (i.e, publi-  No restrictions N/A
cation year)
Settings Procedural sedation or Exclusive focus on

general anesthesia; OECD

countries (focus on Europe,

US, Canada, Japan, South
Korea, Australia)

regional or local an-
esthesia; developing
countries/low-mid-
dle-income countries;
unpublished working
papers, editorial
material, retracted
publications, letters,
data sheets, notes,
conference abstracts

N/Anot available (not relevant), OECD Organization for Economic Co-operation
and Development, USUnited States
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observational studies, data from randomized controlled
trials, etc.), anesthetic agents, mortality rate, awaken-
ing time, and length of stay. Cost estimates were taken
directly as reported in the original publications and were
adjusted for inflation and expressed as 2024 US dollars
and, whenever possible, 2024 purchasing power par-
ity (PPP) US dollars. Moreover, to reduce possible cur-
rency conversion issues, only selected studies published
starting from 2002 were included in the synthesis of cost
data to account for the introduction of Euros. For each
AE-anesthetic agent combination, we aggregated the
available numeric cost estimates by reporting the mean,
standard deviation, and range (minimum/maximum
values) as descriptive statistics. These values reflect the
variation across studies but do not represent modeled or
imputed costs. In cases where only a single numeric esti-
mate was available, it was reported as-is.

No review protocol was pre-registered for either of the
two systematic reviews.

Gross costing

The dataset on anesthetic-related AEs frequency of
occurrence deriving from the umbrella review was used
to perform an instance of gross costing estimation of the
costs associated with AEs by anesthetic agent, using Italy
as a case study. As a high-income country with a mature,
universal healthcare system, Italy provides a setting to
generate findings that are also relevant to other European
and advanced healthcare systems.

The gross costing estimation was based on two comple-
mentary methods. In the first, we derived the implicit
cost of each AE by translating its health state disutility
into monetary terms. In health economics, utility repre-
sents the strength of individuals’ preferences for differ-
ent health states, scaled between 0 (equivalent to death)
and 1 (perfect health). Correspondingly, disutility quan-
tifies the decrement in quality of life associated with an
AE (essentially, the “loss” in utility) and is defined as the
difference between full health and the impacted state [5].
We searched the literature on health-related quality of
life scores related to the AE emerging from the umbrella
review. In instances where the literature provided only
a utility value, we computed the disutility as (1 - utility);
this approach is consistent with standard health econom-
ics practice when direct disutility estimates are unavail-
able [6-15]. The detailed list of disutility parameters
used in our computations is available in the Supplemen-
tary Materials, Table S.7. These disutility values were
converted into costs by being multiplied by the Italian
National Healthcare System estimate of implicit will-
ingness to pay (€ 20,229.06 [16,867 USD as estimated in
Woods et al. [16] updated into 2024 euros]). This figure
represents the implicit cost-effectiveness threshold esti-
mated by Woods and colleagues based on estimates of
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opportunity cost and of the relationship between coun-
try gross domestic product per capita and the value of a
statistical life. The resulting amount was weighted by the
average relative frequency of occurrence of the AE (num-
ber of events divided by the sample size) to obtain the
final estimate. Data and computations are available in the
supplementary file Datasets.xlsx (Gross Costing section).
In the second method, a simplified form of gross cost-
ing was performed employing the most recent officially
available at the time of writing Italian diagnosis-related
group (DRG) tariffs for ordinary hospitalization (which
includes overnight stays) and one-day/day hospital hospi-
talization [17] weighted by the average relative frequency
of AEs. Sensitivity analysis was performed using the min-
imum and maximum frequency of occurrence of AEs.
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Results

Umbrella review

We identified 168 studies eligible for the umbrella review
(Fig. 1). Detailed reasons for exclusion are available in the
Supplementary Materials, together with the full list of
identified studies (Sect. 2.2, 2.3, Table S.2).

The AEs emerging from the umbrella review and
deemed related directly to the use of anesthetic agents
for general anesthesia or procedural sedation are listed
in Table 3 in alphabetical order. The top four most fre-
quently reported AEs across the included studies are
highlighted in bold, based on the number of studies in
which each AE was reported.

Analyzing which drug classes resulted in the most fre-
quently documented AEs (nausea and/or vomiting, bra-
dycardia, hypotension, and delirium) showed that opioids
were associated with the highest frequencies for nausea

[ Identification of studies via databases and registers ]

Records identified from:
Web of Science (n = 2,988)
PubMed (n = 1,849)

Identification

— v

Records screened

—
(n =3,293) (n=2,789)
y
Reports sought for retrieval Reports not retrieved
2 (n =504) > (n=55)
=
o
5
2 \ 4
Reports assessed for eligibility Reports excluded: 282
(n = 449) — No frequency of occurrence
data (n=172)
No anesthetic agent
mentioned (n = 40)
Focus of the study is on other
procedure, condition or
X molecule (e.g.: deep brain
stimulation, addiction,
° ae i ; ; droperidol use) (n = 21)
Studies included in review
§ (n = 167) Other reasons detailed in the
S | | Additional studies included Supplementary materials
= based on expert opinion
—/ (n = 1)

Records removed before
screening:
Duplicate records removed (n
=1,544)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records excluded

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart synthesizing the review screening process for the um-

brella review
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Table 3 AEs identified in the umbrella review; the top four most
frequently reported AEs highlighted with bold text

Adrenal insufficiency Cough Intraoperative

chocking
(Emergence) Agitation Delirium (4" Laryngospasm
Airway obstruction Dizziness Muscle rigidity
Apnea Drowsiness Myoclonus
Arrythmia Fever Nausea and/or

vomiting (1%)
(Intraoperative) Body Hallucination Pain on injection
movements Headache Pneumonia
Bradycardia (2"%) Hypersalivation Tachycardia
Bradypnea Hypertension Truncal rigidity
Cardiac depression Hypotension (3 Urinary retention
Chest tightness Hypoxemia Visual disturbance
Cognitive dysfunction Hypoxia

' This list includes synonyms or semantically related terms used to indicate the
same adverse event. The precise name used to identify the adverse event used
by the authors of the articles included in the umbrella review is reported in the
ancillary files

and/or vomiting (fentanyl 31.56% [range 8%—-70%]), remi-
fentanil (27.30% [0%-70%]). Phenol derivatives were
associated with some of the highest frequencies for bra-
dycardia (ciprofol 14.07% [12.76%-14.75%], propofol
7.10% [0%-17.10%] for bradycardia). Phenol derivatives
were also frequently inducing hypotension (ciprofol
30.77% [24.67%-34.48%)], propofol 14.30% [0%-65%]).
Dexmedetomidine was another agent also frequently
implicated in bradycardia (14.07% [12.76%-14.75%]) and
hypotension (20.40% [0%-61.78%]). Finally, the highest
frequencies of occurrence for delirium were documented
for ketamine (27.18% [15.71%-38.66%]) and dexmedeto-
midine (15.76% [11.03%-25.15%]).

Systematic literature review on anesthetic-related AEs
costs

We identified 22 studies from the systematic literature
review on anesthetic-related AEs costs (Fig. 2); the full
list of contributions included in the review and reasons
for exclusion are available in the Supplementary materi-
als (Sect. 2.2, 2.3, Table S.4).

Studies were conducted mainly in the US and Europe.
Major variability was recorded in the severity of the
clinical setting, ranging from ambulatory procedures to
major surgeries (major abdominal surgery, liver surgery,
major orthopedic, abdominal, gynecologic or noncardiac
thoracic surgery). Overall, the anesthetic agents most
frequently analyzed, alone or in combination, were mid-
azolam, propofol, dexmedetomidine, fentanyl, remifen-
tanil, volatile agents (desflurane, sevoflurane, isoflurane,
nitrous oxide). Most studies (z=14 [18-31]) featured
some form of aggregate measure of costs (recovery costs,
intensive care unit/post-anesthesia care unit costs, peri-
operative costs, or total estimates of costs incurred for
the complications). Studies that featured cost estimates
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associated with specific AE costs most frequently focused
on nausea and/or vomiting, using estimates of (addi-
tional) antiemetic drugs required and pain (additional
analgesics required); two studies focused specifically on
delirium and/or post-operative cognitive disorder [31,
32].

Among the complications and cost categories which
specified the type of AE, cognitive disorders and delir-
ium, reported for dexmedetomidine and butyrophe-
none derivatives, were the costliest. Major variability in
cost estimates was found, depending on methods used,
populations under scrutiny, as well as type of health-
care system. The paucity of data did not allow meaning-
ful comparison across AE types and anesthetic agents.
The entirety of the cost estimates collected is available
in the supplementary file Datasets.xIsx (“Costs-focused
review” section). Detailed tabulations of cost estimates
by adverse event and anesthetic agent category are
reported in the Supplementary Materials. Table S.5 pres-
ents the estimates in 2024 US dollars, while Table S.6 dis-
plays the same data converted to 2024 PPP US dollars.
The reported values are taken directly from the studies
included in the cost-focused literature review and are
presented as simple descriptive statistics (mean, standard
deviation, minimum, and maximum) where applicable.
No modeling or assumptions were introduced beyond
inflation and currency conversion. The method is illus-
trated with a bradycardia example in the preamble to
Supplementary Table S.5.

Gross costing

Given the heterogeneous nature and paucity of esti-
mates of anesthetic-related AEs costs from the litera-
ture, the gross costing exercise was based on results from
the umbrella review. Estimates were obtained either by
assigning AEs disutility values and applying the implicit
cost derived from the implicit willingness to pay of the
Italian healthcare system or by using Italian DRG tariffs
for hospitalizations weighted by AE frequency. Using
the method of assigning an implicit cost of the disutil-
ity associated with AEs resulted in higher costs com-
pared with cost estimates based on DRG tariffs (except
for nitrous oxide). This was due to the fact that certain
AEs are associated with particularly high disutility values
(e.g., delirium [associated disutility: 0.506], cognitive dys-
function [associated disutility: 0.46], bradycardia [associ-
ated disutility: 0.254]) compared to others (e.g., nausea
and/or vomiting [associated disutility: 0.032]). However,
the DRG tariffs do not reflect these big differences. For
example, the DRG tariff for nausea and/or vomiting is
1,123.6 €, while for delirium is 2,175.76 €, less than dou-
ble that of nausea and/or vomiting, compared to the dis-
utility where the difference is more than 15 times higher
for delirium. Consequently, anesthetic agents associated
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[ Identification of studies via databases and registers ]
)
Records removed before
= screening:
§ Records identified from: E%%Igc)ate records removed (n
% \éVebeof dS(Cr:e:??g; = 800) Records marked as ineligible
K] ube by automation tools (n = 0)

— I

Records screened
(n=1,115)

Reports sought for retrieval

= (n=217)

'

[

<

= A
Reports assessed for eligibility
(n=163)

—/ y

Studies included in review
(n=19)

Additional studies retrieved from
reference screening

(n=3)

Records removed for other
reasons (n =0)

Records excluded
(n = 898)

Reports not retrieved
(n=54)

Reports excluded: 144
No cost data, only narrative
speculation (n = 56)
Only procedural costs
(anesthetic agent, tubing,
syringes) (n = 45)
No specific AE costs (n = 30)
Exclusive focus on curares (n
= 1)
Other reasons detailed in the
Supplementary materials

Fig. 2 PRISMA flowchart synthesizing the review screening process for the costs-focused literature review

with high frequencies of AEs entailing large disutilities
end up being more penalized in the “implicit cost of the
disutility” method compared to the DRG method.

Figure 3 reports the estimates of costs associated with
AEs by anesthetic agent resulting from the umbrella
review in the Italian context. Propofol appeared to be the
anesthetic agent associated with the highest costs, fol-
lowed by etomidate, ketamine, dexmedetomidine, and
fentanyl. The complete table featuring numeric values,
sensitivity analysis, and the complete datasets are avail-
able in the Supplementary Materials (Table S.7, S.8, S.9)
and ancillary files.

Discussion and conclusion

Despite a growing body of knowledge about anesthetic-
related AEs from a clinical standpoint, much less is
known about their economic impacts, even though it is
arguably crucial that payers, policymakers and clinicians

make decisions about preferred anesthetic agents based
on safety and associated cost burdens. This umbrella
review of systematic reviews and meta-analyses mapped
the set of anesthetic agents and related AEs for which
quantitative data exist on their frequency of occurrence.
These data were used to perform an exploratory assess-
ment of the magnitude of costs generated by AEs in the
Italian context. This gross costing exercise unveiled that
propofol, etomidate, ketamine, and dexmedetomidine
were associated with the highest cost estimates.

The systematic literature review which focused on con-
tributions featuring explicit estimations of costs, revealed
that the economic burden of anesthesia-related adverse
events remains an understudied area, with a crucial lack
of methodological guidelines on how cost data should
be estimated and reported. Many studies use aggregate
measures (e.g., total AE-related costs, total periopera-
tive costs) or bundles of anesthetic agents and few look
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Fig. 3 Disutility-based estimates (A) and DRG-based estimates (B) of average costs per episode associated with AEs for anesthesia agents, derived from
AE frequency data collected from the umbrella review. In B, the top of range is based on day ordinary hospitalization (which includes overnight stays) and
bottom of range based on one-day/day-hospital hospitalization hospital DRGs. Note: A-2 Ag = Alpha-2 agonist

at specific AEs, impairing the possibility to make com-
parisons across anesthetic agents. From the evidence
available, cognitive disorders and delirium, which are
particularly associated with dexmedetomidine, haloperi-
dol, and ketamine [33], appear to be the most expensive
complications to be addressed. Major heterogeneity in
costs estimates exists across countries and healthcare
systems. It is worth remarking that no data is available to
compare costs of complications based on survival of the
patient. Indeed, severe (e.g., leading to death) but rare
complications exist which can — although with caution —
be attributed to single anesthetic agents [34]. At the same
time, there are many, frequent, mild complications that
can be attributed with more certainty to single anesthetic
agents and may therefore justify the use of safer, but more
expensive agents.

This study comes with a set of limitations worth
acknowledging. Although systematic reviews and meta-
analyses represent the highest level of quality in clinical
research, results of the gross costing estimates are endog-
enous to the AEs examined in these systematic reviews.
This is particularly true for systematic reviews addressing
specific combinations of anesthetic agents or focusing
on specific sets of complications. Consequently, hetero-
geneity in terms of clinical settings and patient popula-
tions affects our estimates, encouraging caution in results
interpretation, especially for comparisons across anes-
thetic agents.

Additionally, although the concept of assigning a mon-
etary value to health state disutilities stems from the cost-
utility analysis literature, we acknowledge that our gross
costing approach based on systematic literature review
data is innovative, not previously validated, and therefore
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must be considered exploratory in nature. Whenever pos-
sible, we employed estimates derived in the post-anesthe-
sia state [8]; however, when such data were unavailable,
we drew upon values from standard catalogues of health-
related quality of life scores [9]. Moreover, in case health
utility or disutility values were not available for specific
AEs, if possible, we referred to broader clinical catego-
ries as proxies. For example, the disutility associated with
bradycardia was approximated using the published value
for “other cardiac arrhythmias” [9]. These assumptions
were necessary to minimize missing data and allow for
a more complete estimation across a wide range of AEs.
Nonetheless, we recognize that the use of proxy values
introduces uncertainty and represents a limitation of our
methods. Furthermore, DRG tariffs are used as a proxy
for the overall cost of treating complications and rely on
the assumption that all the considered adverse events
require at least a one-day hospitalization, which may not
be fully reflective of the clinical practice. Nevertheless, in
the absence of reliable micro costing data, this is the best
proxy available. It is also worth noting that it was not pos-
sible to consistently assign cost values to awakening times
and length of stay; however, longer awakening times and
length of stay entail more resources used, and higher
costs compared to agents that allow quicker post-opera-
tive procedures. For instance, when a surgical procedure
is prolonged due to an anesthesia-related AE or when the
patient requires post-operative monitoring or treatment
in an ICU, the time-cost relationship in the ICU setting is
multifaceted with three key dimensions to consider [35].
Delays in transferring patients from the operating room
to the ICU (first) increases the likelihood of subsequent
delays for other patients awaiting ICU admission (sec-
ond), which significantly increases analytical complexity.
Insights derived from a given hospital may not be trans-
ferable to others due to structural and operational vari-
ability (third) [35, 36]. Importantly, the economic impact
of time in healthcare is mainly influenced by organiza-
tional decisions made in advance. These forecasts include
the number of staffed hours and case durations. Capacity
decisions focus on a single parameter: the relative cost of
over-utilized versus under-utilized operating-room time.
When the cost of over-utilization is higher, organizations
plan extra capacity or use conservative (i.e., inflated)
estimates of case durations to reduce the likelihood that
staff work late due to predictive errors [37]. Decisions
made the day before and/or on the day of surgery (e.g.,
assigning rooms/services and sequencing to minimize
over-utilized time) are typically agreed by the anesthe-
sia department and the hospital [38, 39]. The impact of
time-related costs can vary across institutions. In set-
tings with predominantly fixed surgical-suite costs, the
additional cost of extra time is more limited compared to
institutions where costs of operating rooms and staffing
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is calculated on a time-per-case basis [40]. Considered
together, these factors suggest that while average incre-
mental ICU time may be broadly generalizable, the asso-
ciated cost implications of increased operating room
time are likely to vary markedly across institutions [36].

Finally, we did not conduct subgroup analyses given the
broad scope of the umbrella review and the fragmented,
heterogeneous nature of the data in the costs-focused
review. This decision aligns with the primary aim of the
study, which was to comprehensively map the available
evidence base rather than compare predefined strata.
Similarly, no formal quality assessment tool was applied
to the studies included in the costs-focused review, due
to the absence of a standardized framework and the con-
sequent diversity in methodological approaches to esti-
mate the economic burden of anesthetic-related adverse
events.

Despite these limitations, this study offers the first
comprehensive attempt to map the currently available
evidence on the economic burden of anesthetic-related
AEs. Future work should build upon this foundation
using standardized cost-analysis methods, particularly
micro-costing approaches, and direct comparisons across
agents to strengthen the evidence base. The inclusion of
AE-related economic impact data in health technology
assessment frameworks could help ensure that anes-
thetic agent selection reflects not only drug cost and effi-
cacy but also the broader implications for resource use.
Integrating economic evaluations with clinical effective-
ness data is essential to support informed policymaking
regarding the adoption, reimbursement, and use of anes-
thetic agents in routine clinical practice.

Abbreviations

AE Adverse event

DRG Diagnosis-related group

ICU Intensive care unit

N/A Not available (not relevant)

OECD Organization for Economic Co-operation and Development

PICOT Population Intervention Comparator Outcome Time
PPP Purchasing power parity

PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

us United States

usb United States Dollars

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512871-025-03376-5.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.
Supplementary Material 4.

Supplementary Material 5.



https://doi.org/10.1186/s12871-025-03376-5
https://doi.org/10.1186/s12871-025-03376-5

Armeni et al. BVIC Anesthesiology (2025) 25:547

Acknowledgements

The authors thank the two anonymous reviewers and the editorial team at
BMC Anesthesiology for their valuable comments and support during the
review process.

Authors’ contributions

PA, FC, GF, GL, and AM contributed to the study design. PA, FC, GF, and GL
piloted the literature review, while PA and GF conducted the full literature
review. GL validated the results. All authors contributed to the writing and
revision of the manuscript and approved the final version.

Funding
This study was supported by Viatris Inc.

Data availability
All datasets generated and analyzed during the current study are available in
the Supplementary Information section.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

PA, FC, GF have no conflicts of interest to disclose. GL reports having received
speaker fees from Baxter, Medis, Paion, and Viatris and consultancy fees from
Baxter, Paion and Viatris. AM and RZ are employed by Viatris.

Received: 28 April 2025 / Accepted: 11 September 2025
Published online: 06 November 2025

References

1. Curatolo CJ, McCormick PJ, Hyman JB, Beilin Y. Preventable anesthesia-related
adverse events at a large tertiary care center: a nine-year retrospective analy-
sis. Jt Comm J Qual Patient Saf. 2018;44(12):708-18.

2. Jones CPL, Fawker-Corbett J, Groom P, Morton B, Lister C, Mercer SJ. Human
factors in preventing complications in anaesthesia: a systematic review.
Anaesthesia. 2018;73:12-24.

3. Mason KP, Roback MG, Chrisp D, Sturzenbaum N, Freeman L, Gozal D, et al.
Results from the adverse event sedation reporting tool: a global anthology of
7952 records derived from > 160,000 procedural sedation encounters. J Clin
Med. 2019;8(12):2087.

4. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021,372:n71.

5. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods
for the economic evaluation of health care programmes. 4th ed. Oxford:
Oxford University Press; 2015.

6.  Bergthorsdottir R, Nilsson A, Gilloerg P, Ekman B, Wahlberg J. Health-related
quality of life in patients with adrenal insufficiency receiving plenadren com-
pared with immediate-release hydrocortisone. Value Health. 2015;18(7):A616.

7. Tjahjono R, Alvarado R, Kalish L, Sacks R, Campbell R, Marcells G, et al. Health
impairment from nasal airway obstruction and changes in health utility
values from septorhinoplasty. JAMA Facial Plast Surg. 2019;21(2):146-51.

8. Rashig S, Edlund D, Dick BD. Utilities of the post-anesthesia state derived by
the standard gamble method in surgical patients. BMC Med Inform Decis
Mak. 2006;6:1-6.

9. Falk Hvidberg M, Herndndez Alava M. Catalogues of EQ-5D-3L health-related
quality of life scores for 199 chronic conditions and health risks for use in the
UK and the USA. Pharmacoeconomics. 2023;41(10):1287-388.

10.  Reeves SW, Friedman DS, Fleisher LA, Lubomski LH, Schein OD, Bass EB.

A decision analysis of anesthesia management for cataract surgery. Am J
Ophthalmol. 2001;132(4):528-36.

11, Sullivan PW, Slejko JF, Sculpher MJ, Ghushchyan V. Catalogue of EQ-5D scores

for the United Kingdom. Med Decis Making. 2011;31(6):800-4.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9 of 10

Wolfs CA, Dirksen CD, Kessels A, Willems DC, Verhey FR, Severens JL. Perfor-
mance of the EQ-5D and the EQ-5D+C in elderly patients with cognitive
impairments. Health Qual Life Outcomes. 2007;5:1-10.

Oppong R, Kaambwa B, Nuttall J, Hood K, Smith RD, Coast J. Assessment

of the construct validity of the EQ-5D in patients with acute cough/lower
respiratory tract infections. Appl Res Qual Life. 2011,6:411-23.

Holleman MS, Al MJ, Zaim R, Groen HJ, Uyl-de Groot CA. Cost-effectiveness
analysis of the first-line EGFR-TKIs in patients with non-small cell lung cancer
harbouring EGFR mutations. Eur J Health Econ. 2020;21:153-64.

Beusterien KM, Davies J, Leach M, Meiklejohn D, Grinspan JL, O'Toole A, et al.
Population preference values for treatment outcomes in chronic lympho-
cytic leukaemia: a cross-sectional utility study. Health Qual Life Outcomes.
2010;8:1-9.

Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-effectiveness
thresholds: initial estimates and the need for further research. Value Health.
2016;19(8):929-35.

Italian Ministry of Health. Decreto del Ministero della salute ministeriale 18
ottobre 2012, allegato 1, Tariffe delle prestazioni di assistenza ospedaliera per
acuti, per tipo di ricovero [Internet]. [cited 2024 Jun 20]. Available from: http:/
/www.trovanorme.salute.gov.it/norme/renderPdf.springseriequ=SG&datagu
=28/01/2013&redaz=13A00528Rartp=1&art=1&subart=1&subart1=10&vers=
1&prog=001

Ditkoff E, Plumb J, Selick A, Sauer M. Anesthesia practices in the united
States common to in vitro fertilization (IVF) centers. J Assist Reprod Genet.
1997;14(3):145-7.

Li S, Coloma M, White P, Watcha M, Chiu J, Li H, et al. Comparison of the costs
and recovery profiles of three anesthetic techniques for ambulatory anorec-
tal surgery. Anesthesiology. 2000,93(5):1225-30.

Park G, Evans T, Hutchins J, Borissov B, Gunning K, Klinck J. Reducing the
demand for admission to intensive care after major abdominal surgery by a
change in anaesthetic practice and the use of remifentanil. Eur J Anaesthe-
siol. 2000;17(2):111-9.

Ozkose Z, Ercan B, Unal Y, Yardim S, Kaymaz M, Dogulu F, et al. Inhalation
versus total intravenous anesthesia for lumbar disc herniation - comparison
of hemodynamic effects, recovery characteristics, and cost. J Neurosurg
Anesthesiol. 2001;13(4):296-302.

Vargo JJ, Zuccaro G Jr, Dumot JA, Morrow JB, Conwell DL, Trolli PA, et al.
Gastroenterologist-administered propofol versus meperidine and midazolam
for advanced upper endoscopy: a prospective, randomized trial. Gastroenter-
ology. 2002;123(1):8-16.

Jellish W, Sheikh T, Baker W, Louie E, Slogoff S. Hemodynamic stability,
myocardial ischemia, and perioperative outcome after carotid surgery with
remifentanil/propofol or isoflurane/fentanyl anesthesia. J Neurosurg Anesthe-
siol. 2003;15(3):176-84.

Eberhart L, Eberspaecher M, Wulf H, Geldner G. Fast-track eligibility, costs and
quality of recovery after intravenous anaesthesia with propofol-remifentanil
versus balanced anaesthesia with isoflurane-alfentanil. Eur J Anaesthesiol.
2004;21(2):107-14.

Schwarz SKW, Butterfield NN, Macleod BA, Kim EY, Franciosi LG, Ries CR.
Under real world conditions, desflurane increases drug cost without speed-
ing discharge after short ambulatory anesthesia compared to isoflurane. Can
J Anesth. 2004,51(9):892-8.

Gokce B, Ozkose Z, Tuncer B, Pampal K, Arslan D. Hemodynamic effects,
recovery profiles, and costs of remifentanil-based anesthesia with Propofol or
desflurane for septorhinoplasty. SAUDI Med J. 2007;28(3):358-63.

Nishikawa K, Yoshida S, Shimodate Y, Igarashi M, Namiki A. A comparison of
spinal anesthesia with small-dose Lidocaine and general anesthesia with
Fentanyl and Propofol for ambulatory prostate biopsy procedures in elderly
patients. J Clin Anesth. 2007;19(1):25-9.

DeWitt J, McGreevy K, Sherman S, Imperiale T. Nurse-administered Propofol
sedation compared with Midazolam and meperidine for EUS: a prospective,
randomized trial. Gastrointest Endosc. 2008;68(3):499-509.

Turunen H, Jakob SM, Ruokonen E, Kaukonen KM, Sarapohja T, Apajasalo

M, et al. Dexmedetomidine versus standard care sedation with Propofol or
Midazolam in intensive care: an economic evaluation. Crit Care. 2015;19:1-10.
Barra M, Remdk E, Liu D, Xie L, Abraham L, Sadosky A. A cost-consequence
analysis of parecoxib and opioids vs opioids alone for postoperative pain:
Chinese perspective. Clin OUTCOMES Res. 2019;11:169-77.

Carrasco G, Baeza N, Cabré L, Portillo E, Gimeno G, Manzanedo D, et al.
Dexmedetomidine for the treatment of hyperactive delirium refractory to
haloperidol in nonintubated ICU patients: a nonrandomized controlled trial.
Crit Care Med. 2016;44(7):1295-306.


http://www.trovanorme.salute.gov.it/norme/renderPdf.springseriegu=SG%26;datagu=28/01/2013%26;redaz=13A00528%26;artp=1%26;art=1%26;subart=1%26;subart1=10%26;vers=1%26;prog=001
http://www.trovanorme.salute.gov.it/norme/renderPdf.springseriegu=SG%26;datagu=28/01/2013%26;redaz=13A00528%26;artp=1%26;art=1%26;subart=1%26;subart1=10%26;vers=1%26;prog=001
http://www.trovanorme.salute.gov.it/norme/renderPdf.springseriegu=SG%26;datagu=28/01/2013%26;redaz=13A00528%26;artp=1%26;art=1%26;subart=1%26;subart1=10%26;vers=1%26;prog=001
http://www.trovanorme.salute.gov.it/norme/renderPdf.springseriegu=SG%26;datagu=28/01/2013%26;redaz=13A00528%26;artp=1%26;art=1%26;subart=1%26;subart1=10%26;vers=1%26;prog=001

Armeni et al. BVIC Anesthesiology

32.

33.

34.

35.

36.

37.

(2025) 25:547

Ntalouka M, Amaoutoglou E, Tzimas P. Postoperative cognitive disorders: an
update. HIPPOKRATIA. 2018,22(4):147-54.

Cotae AM, Mirea L, Cobilinschi C, Ungureanu R, Grintescu IM. Early postop-
erative cognitive decline—are there any preventive strategies for surgical
patients in the emergency setting? Signa Vitae. 2024;20(1) :1-7.

Kotani'Y, Pruna A, Turi S, Borghi G, Lee TCC, Zangrillo A et al. Propofol and
survival: an updated meta-analysis of randomized clinical trials. Crit CARE.
2023,27(1):139..

Grabitz SD, Rajaratnam N, Chhagani K, Thevathasan T, Teja BJ, Deng H, et al.
The effects of postoperative residual neuromuscular Blockade on hospital
costs and intensive care unit admission: a population-based cohort study.
Anesth Analg. 2019;128(6):1129-36.

Dexter F, Epstein RH. Postanesthesia care unit costs are heterogeneous
among hospitals, principally determined by delays in patient admission from
operating rooms. Anesth Analg. 2019;128(6):1065-7.

Strum DP, Vargas LG, May JH, Bashein G. Surgical suite utilization and capacity
planning: a minimal cost analysis model. J Med Syst. 1997;21(5):309-22.

38.

39.

40.

Page 10 of 10

Dexter F, Epstein RH. Associated roles of perioperative medical directors and
anesthesia: hospital agreements for operating room management. Anesth
Analg. 2015;121(6):1469-78.

Dexter F, Wachtel RE, Epstein RH. Decreasing the hours that anesthesiologists
and nurse anesthetists work late by making decisions to reduce the hours of
over-utilized operating room time. Anesth Analg. 2016;122(3):831-42.
Dexter F, Epstein RH. Influence of annual meetings of the American Society
of Anesthesiologists and of large national surgical societies on caseloads of
major therapeutic procedures. J Med Syst. 2018;42(12):259.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The economic burden of anesthetic-related adverse events: a systematic review and empirical analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Umbrella review
	﻿Systematic literature review on anesthetic-related AEs costs
	﻿Gross costing

	﻿Results


