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Abstract

Determining the cause of death in studies assessing mortality during small animal anesthesia poses challenges due
to varying definitions of anesthetic death, limited information, and differences in evaluators' interpretations. This
study aims to establish the interobserver agreement in classifying the cause of death in anesthetized animals. The
observational, retrospective, multicenter study analyzed 432 deaths (83 cats and 349 dogs). Data were collected
from a database of 55,022 anesthetized dogs and 14,962 anesthetized cats, created to investigate anesthetic-related
mortality in these species. Three highly qualified veterinary anesthesiologists independently assessed whether the
deaths were related to anesthesia, using their professional judgment. Data were collected from questionnaires that
included the animal’s signalment, reason for anesthesia, ASA status, drugs, anesthetic procedures, and comments
from the submitting veterinarian. Light's Kappa and the intraclass correlation coefficient (ICC) measured interrater
agreement among the three evaluators, while Cohen’s Kappa assessed interrater reliability between pairs of
observers (p<0.05). Evaluators A, B, and C classified 296/432 (68.5%), 264/432 (61.1%), and 54/432 (12.5%) of the
cases as anesthesia-related deaths, respectively. Agreement among the three evaluators was 128/432 (29.6%)
[Light's Kappa: 0.17, p=0.00026; ICC: 0.06, p-value=0.0167]. The three evaluators agreed on classifying a death

as anesthetic-related in 14.1% of cases (50 out of 354 cases where at least one evaluator classified the death as
anesthetic-related). Similarly, for non-anesthetic-related deaths, the three evaluators reached an agreement in 20.4%
of cases (78 out of 382 cases where at least one evaluator classified the death as non-anesthetic-related). Overall,
agreement between two out of three evaluators was 304/432 (70.4%). Evaluators A and B had a 65.7% agreement
[Cohen’s Kappa: 0.25, p<0.00001], A and C had a 46.6% agreement [Cohen’s Kappa: 0.10, p<0.00001], and B and

C had a 50.9% agreement [Cohen'’s Kappa: 0.16, p<0.00001]. In conclusion, the evaluators’ agreement was weak,
highlighting the need for a consensus on defining anesthetic mortality in dogs and cats.
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Introduction

Anaesthesia is a state of reversible unconsciousness
encompassing immobility, amnesia, hypnosis, analgesia,
and muscle relaxation [1]. This process significantly alters
the patient’s physiological condition and can precipitate a
range of anesthetic complications [2], including death in
cats, dogs [2—13] and humans [14-16].

Anesthetic mortality, defined as the percentage of
patients dying while undergoing anesthesia, is a critical
benchmark for evaluating the safety of anesthetic pro-
cedures [7-9, 12, 13]. Reported anesthesia-related mor-
tality rates in dogs and cats range from 0.17 to 1.35%
nd 0.24%to 5.80% [3—13, 17, 18] This rat is substantially
higher than that reported for humans, which is approxi-
mately 0.00001%—-0.00002% in developed ountries
[14-16].Identifying factors associated with anesthetic
mortality may allow for prevention and, thus, reduction
in mortality in veterinary medicine [7-9, 12, 13, 18].

A consistent definition is essential to understand
anesthesia-related deaths fully. Current studies employ
varying definitions and perioperative time frames, com-
plicating trend analysis in anesthesia safety [12, 13, 19].
The first study on anesthetic deaths in veterinary medi-
cine classified all deaths from induction to recovery as
anesthesia-related [3]. Later, multi-center research cat-
egorized perioperative deaths based on patient risk,
attributing deaths in low-risk patients (ASA I and II)
to anesthesia unless a clear surgical cause was present,
while all deaths in high-risk patients (ASA>III) were
considered anesthetic-related [4]. Hosgood and Scholl
expanded the definition to include deaths within 24 h
post-anesthesia regardless of cause [5, 6]. Some studies
further refined this to deaths from premedication to 24 h
post-procedure, excluding euthanasia [20, 21].

Mortality rates have also considered deaths related
to both sedation and anesthesia [8, 10, 18]. Itami et al.
(2017) defined anesthetic death as occurring from pre-
medication to 48 h after extubation, excluding surgi-
cal errors and euthanasia-related deaths [17]. Another
study defined anesthetic/sedative-related death within
48 h or two weeks of anesthesia if the agents could not be
excluded as contributing factors [18]. Recent studies in
cats [12] and dogs [13] defined anesthesia-related death
as directly or partially attributed to anesthesia occurring
from premedication to 48 h after extubation.

In human medicine, anesthesia-related deaths have
been categorized as (a) deaths during anesthesia, (b)
deaths without regaining consciousness after anesthesia,
and (c) deaths resulting from anesthesia after regain-
ing consciousness [22]. This categorization illustrates
the complexity of identifying anesthesia’s role in patient
mortality. Anesthesia-related mortality generally refers
to deaths occurring during or after surgery under anes-
thesia. However, establishing a direct causal link between
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anesthesia and patient death is defiant, complicating the
measurement of anesthesia-associated mortality and the
assessment of its impact on outcomes [23]. To address
these challenges, it has been suggested that the definition
of anesthesia-related mortality should include only those
deaths directly resulting from anesthetic procedures [23].
An editorial emphasized the need for a standardized
definition to ensure clarity and uniformity [24]. The lack
of consensus on this definition highlights the ongoing
efforts to enhance anesthesia safety [25].

The investigation of peri-anesthetic mortality has
attracted considerable attention. However, there is signif-
icant variability in defining peri-anesthetic mortality, and
there are no tests specific to diagnosis that can confirm
whether a death was caused by anesthesia or not. Death
attribution to anesthesia is based on expert opinion [8,
12, 13, 18], making it complex. We hypothesize that the
lack of a standardized definition of peri-anesthetic death
will lead to significant variability in the classification of
the cause of death among different observers. Hence, our
study aims to assess the inter-observer agreement classi-
tying the cause of death in anesthetized cats and dogs.

Materials and methods

This observational, retrospective, multicenter study
received ethical approval from the Ethics Committee of
the Universidad CEU Cardenal Herrera, Spain (CEEA
22/07). This study analyzed 432 deaths —83 cats and
349 dogs— extracted from a database of 55,022 anes-
thetized dogs and 14,962 anesthetized cats created for
a study investigating anesthetic-related mortality in
these species. The studied animals were anesthetized
and died from premedication until 48 h after extuba-
tion. The clinician-in-charge of the case documented all
relevant information in a form (Supplementary Material
1). The collected data included signalment, patient his-
tory, medical history, pre-anesthetic assessment find-
ings, ASA status, the purpose of anesthesia, and details
of drugs administered during the procedure (including
dosage, method of administration, and timing). The study
also recorded the locoregional techniques performed,
anesthesia monitoring, intra- and post-anesthetic com-
plications, duration of anesthesia, and time of death.
Information was provided regarding whether the pro-
cedure performed was scheduled elective, unscheduled
elective, or urgent. It also included whether the proce-
dure occurred during regular working hours or out-of-
hours. Finally, comments were provided.

After anonymization, the information was presented
to Three highly qualified veterinary anesthesiologists
who independently assessed whether the deaths were
connected to anesthesia based on their professional
judgment. Two evaluators were board-certified, one
by the European College of Veterinary Anaesthesia and
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Analgesia (ECVAA), and the other held a doctorate and
an honorary diploma from the American College of Vet-
erinary Anesthesia and Analgesia (ACVAA). The third
evaluator also had a doctorate in veterinary anesthesia
and was ECVAA-eligible. They were randomly assigned
the letters A, B, and C. Using their professional judgment
without any suggestion or advice, the evaluators were
asked to classify these cases into two categories individ-
ually: (a) anesthetic-related death (if the death could be
directly or partially attributed to anesthesia) and (b) non-
anesthetic-related death (if the death resulted from surgi-
cal complications or disease progression during the study
period or other reasons not related to anesthesia).

The statistical analysis used R 4.4.1, a language and
environment for statistical computing and graph-
ics. Descriptive statistics included the number of cases
related to anesthesia for each anesthesiologist and the
percentage of agreement between two or all three of
them. The results were analyzed using inferential sta-
tistics. Light’s kappa and the intraclass correlation
coefficient (ICC) were used to evaluate the inter-rater
agreement between the three consultants for categoriz-
ing anesthetic-related deaths. In contrast, Cohen’s kappa
was used to assess the reliability of the two evaluators.
Chi-square tests of independence were conducted for
some variables of interest (such as species, ASA, time-
table, type of anesthesia, reason for anesthesia, duration,
moment of death, hospitalization, level of monitoring,
scheduling, and emergency) to examine potential asso-
ciations between them and the agreement. In all analyses,
differences were considered statistically significant when
p<0.05.

Results
The three evaluators (A, B, and C) reviewed 432 cases.
Evaluator A classified 296 cases (68.5%), Evaluator B clas-
sified 264 cases (61.1%), and Evaluator C classified 54
cases (12.5%) as anesthesia-related deaths, respectively.
The overall agreement among the three Evaluators
was 128 cases (29.6%). Light’s kappa yielded a value of
0.171 (p-value=0.00026), suggesting low concordance
among the evaluators and indicating that while there is
some agreement beyond what would be expected by
chance (which would be 25%), the extent of this agree-
ment is modest. The ICC was calculated at 0.06 [IC:
0.005 to 0.119], reflecting a minimal proportion of vari-
ance attributable to differences between evaluators
(p-value =0.0167), highlighting that despite the low ICC,
there are statistically significant differences in evalua-
tions, underscoring the limited level of agreement among
evaluators. These results indicate that while the evalua-
tors demonstrate some consistency, the agreement on the
anesthetic-related death categorization is relatively low.
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The three evaluators agreed on classifying a death as
anesthetic-related in 14.1% of cases (50 out of 354 cases
where at least one evaluator classified the death as anes-
thetic-related). Similarly, for non-anesthetic-related
deaths, the three evaluators reached an agreement in
20.4% of cases (78 out of 382 cases where at least one
evaluator classified the death as non-anesthetic-related).
Additionally, pairwise agreements were observed. Over-
all, agreement between two out of three evaluators was
304/432 (70.4%). Evaluators A and B had a 65,7% agree-
ment (46.8% for anesthetic and 20.4% for non-anesthetic
deaths [Cohen’s Kappa: 0.25, p<0.00001], A and C had
a 46.6% agreement (14.4% for anesthetic and 34.8% for
non-anesthetic deaths [Cohen’s Kappa: 0.10, p <0.00001],
and B and C had a 50.9% agreement (15.0% for anes-
thetic and 43.7% for non-anesthetic [Cohen’s Kappa: 0.16,
p<0.00001]. Figures 1 and 2 show Venn’s diagrams of the
inter-observer agreement of the three evaluators on diag-
nosing the cause of death related to anesthesia or not,
respectively.

No differences were noted comparing the proportion of
agreement (or disagreement) and other variables of inter-
est, such as species (p=0.7701), ASA (p=0.0979), time-
table (p=0.3607), type of anesthesia (p=0.8473), reason
for anesthesia (p =0.5358), duration (p =0.4363), moment
of death (p=0.1923), hospitalization (p=0.2279), level
of monitoring (p=0.5192), scheduling (p=0.4108) or
emergency (p=1). Table 1 shows the evaluators’ compre-
hensive agreement and disagreement according to the
studied factors.

Discussion

This study revealed significant inter-observer variability
in categorizing anesthesia-related mortality in cats and
dogs. Our findings confirmed the hypothesis that anes-
thetists are inconsistent in classifying the cause of death,
indicating substantial biases and discrepancies in such
classifications.

In this study, three experienced anesthetists indepen-
dently evaluated anesthesia-related mortality as either
‘anesthesia-related’ or ‘non-anesthesia related, resulting
in a potential discrepancy rate of 33.3% and a maximum
potential agreement of 100%. The observed agreement
rate for classifying anesthetic-related deaths was only
14.1%, indicating significant disparity among the evalu-
ators. This low agreement rate suggests considerable
variability in the interpretation of criteria for anesthetic
mortality classification, likely due to subjective interpre-
tations, varying experiences, and inherent ambiguities in
the criteria.

There is a clear interest in identifying and classifying
the cause of death in the medical field. Previous stud-
ies have attempted to find objective methods to deter-
mine the cause of perianesthetic mortality, but this has
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Fig. 1 Venn diagram of inter-observer agreement of the three evaluators (A, B, and C) on classifying the cause of death as anesthetic-related

generally not been successful. Post-mortem toxicologi-
cal analyses in animals, for example, offer limited utility
in assessing possible anesthetic drug overdose or adverse
effects [26]. A study of postmortem injuries in domestic
animals revealed that surgical or anesthesia-associated
complications were identified in only 5% o cases [27].
Therefore, to the authors” knowledge, there is no objec-
tive way to identify death as an anesthetic cause. Death
classification as anesthetic-related relies heavily on spe-
cialist evaluations [7-9, 12, 13, 18]. A clear definition of
peri-anesthetic mortality is critical yet challenging, as it
is difficult to ascertain if patients died solely from anes-
thetic causes—i.e. if they would have survived without

anesthesia. Furthermore, deaths often have multifacto-
rial causes [28], making it even more challenging to clas-
sify them as solely attributable to anesthesia. Therefore,
the question should perhaps not be whether anesthesia
was the direct cause of death but rather to determine
and assess its degree of influence on the fatal outcome.
To address these discrepancies and improve reliability
and validity in future studies, it is essential to implement
more rigorous training protocols for evaluators, refine
classification criteria, and introduce objective measures
to reduce subjectivity. More precise guidelines and addi-
tional training could enhance consensus among evalu-
ators. The variability in classifying anesthetic-related
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Fig. 2 Venn diagram of inter-observer agreement of the three evaluators (A, B, and C) on diagnosing the cause of death unrelated to anesthetic reasons

deaths poses a significant challenge for comparing differ-
ent studies on anesthesia-related mortality. This inconsis-
tency complicates identifying risk and protective factors
to reduce such mortality. Further research is needed to
understand the reasons for these differences in classifica-
tion and how to address them.

Human medicine has already recognized the need for
consensus on the definition of peri-anesthetic mortal-
ity. A clear definition of anesthesia-related critical events
could improve clinical practice by enhancing planning,
resource allocation, and preoperative discussions with
patients [24]. Unfortunately, this consensus has not yet
been reached in human or veterinary medicine.

This problem of subjectivity is not unique to the clas-
sification of the cause of perioperative deaths. For exam-
ple, the ASA classification, initially developed for human
anesthesia [29] and subsequently adapted for veterinary

use, although proven useful [30], is also susceptible
to subjective interpretations. Studies have shown that
agreement between human anesthesiologists in assign-
ing ASA scores is fair to moderate [31]. The same prob-
lem is likely to be encountered in veterinary medicine. In
our study, the evaluators were given subjective informa-
tion, such as the patient’s ASA status, which could lead to
biased interpretations when classifying a death as anes-
thetic or non-anesthetic. However, assessment dispari-
ties persist despite providing the same information to all
three evaluators. The future may lie in developing objec-
tive tools such as the Combined Horse Anesthetic Risk
Identification and Optimization Tool (CHARIOT), which
aims to increase objectivity in assessing anesthetic risk in
equine patients [32, 33]. In our case, we emphasize that
developing an objective tool for classifying the cause of
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Table 1 Univariate analysis of the agreement and disagreement between the observers according to the studied factors. N: number

of cases. %: percentage of cases

Factor Category Agreement Disagreement p-value
N % N %

Species Cat 23 28% 60 72% 0.7701
Dog 105 30% 244 70%

ASA ASAT&II 29 38% 47 62% 0.0979
ASA IV 99 28% 257 72%

Moment of death Intraoperatory 79 27% 209 73% 0.1923
Postoperatory 49 34% 95 66%

Timetable Normal 97 28% 244 72% 0.3607
Out-of-hours 31 34% 60 66%

Type of anesthesia Inhalatory 76 31% 172 69% 0.8437
Total IV anesthesia 1 27% 30 73%
Partial IV Anesthesia 41 29% 102 71%

Reason for anesthesia Abdominal 63 27% 167 73% 0.5358
Diagnostic 12 26% 34 74%
Minor 18 31% 41 69%
Orthopaedics 16 33% 32 67%
Thoracic 19 39% 30 61%

Duration of anesthesia Long 57 27% 156 73% 04363
Medium 59 32% 123 68%
Short 12 32% 25 68%

Monitoring Advanced 28 29% 69 71% 0.5192
Average 87 29% 214 71%
Basic 13 38% 21 62%

Scheduling Emergency 50 31% 109 69% 04108
Non-scheduled 14 23% 48 77%
Scheduled 64 30% 147 70%

Emergency No 75 30% 179 70% 1.0000
Yes 53 30% 125 70%

Hospitalization Day 18 27% 49 73% 0.2279
Night 64 27% 171 73%
No hospitalization 46 35% 84 65%

Duration of anesthesia: Short—less than 15 min; medium—between 15 and 60 min; long—Ilonger than 60 min. Monitoring: Level of monitoring: Basic: Monitoring
was performed using a stethoscope/pulse palpation, respiratory rate, and temperature only. Average: Clinical and non-invasive instrumental monitoring (pulse
oximetry, capnography, ECG, non-invasive arterial pressure). Advanced: Invasive instrumental monitoring (cardiac output, invasive arterial pressure, blood gases).
Hospitalization: If the patient was hospitalized (only during the day or overnight) or not

death requires first establishing a consensus on the defi-
nition of perianesthetic mortality.

A clear, standardized definition of anesthetic-related
death is also critical for Morbidity and Mortality confer-
ences (M&MCs). These meetings are essential in health-
care organizations, providing a framework to review
patient care processes, identify safety issues, and enhance
quality improvement [34]. M&MCs are pivotal in clinical
settings as they facilitate the systematic review of adverse
events and complications to improve patient care [35].
Without a consistent and precise definition of anesthetic-
related death, the discussions and conclusions drawn
in such conferences can be compromised by subjective
interpretations and inconsistent criteria. This may lead to
varied conclusions about the causes of death, hindering
the ability to identify patterns and implement effective
strategies for risk reduction.

An essential consideration in this study is the potential
for case selection bias. All cases included in the analysis
provided sufficient information for classification, and
there were no instances where evaluators could not cat-
egorize a death based on the available data. Cases were
selected according to predefined criteria, ensuring only
submissions with comprehensive documentation were
included. While this approach mitigated issues related
to incomplete data, it may have inadvertently introduced
selection bias, as cases with less thorough or incomplete
submissions were excluded. This limitation highlights
the importance of ensuring that future studies strive for
uniformity in data collection across all cases to mini-
mize potential biases and enhance the generalizability of
findings.

On the other hand, while standardized evaluation
and classification guidelines are crucial for improving
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inter-observer agreement and minimizing subjectivity,
their effectiveness largely depends on the uniform appli-
cation of comprehensive anesthetic protocols and moni-
toring practices. Without appropriate monitoring (e.g.,
ECG and blood pressure), or if the recorded data are mis-
interpreted, even the most stringent evaluation guide-
lines may fail to produce reliable conclusions. To enhance
accuracy, standardized protocols for both monitoring
and evaluation are essential to provide a solid framework
for determining causes of death.

The challenge of understanding anesthesia-related
mortality remains unresolved. Key questions include
whether anesthesia-related death should be defined as
directly caused by anesthesia or influenced by it. Reach-
ing a consensus on this definition in veterinary medicine
is imperative, and developing tools to classify deaths
attributable to anesthesia would be a significant step
forward.

In summary, the absence of a universally accepted
definition of peri-anesthetic death hinders objective
assessment of anesthesia-related mortality rates. This
ambiguity complicates the exploration of underlying
causes and risk factors, making reduction efforts difficult.
Our study highlights the need to develop a standardized
cause-of-death classification system to eliminate subjec-
tivity and improve clinical decision-making processes
among veterinary anesthetists. Such a consensus is pre-
cious for M&M conferences, where consistent and accu-
rate classifications can lead to better understanding and
improvements in clinical practice.

Conclusion

There is a lack of consensus in identifying and classifying
anesthesia-related deaths. Defining anesthesia mortal-
ity clearly could lead to the creation of a tool for objec-
tively categorizing the cause of death. Such a tool could
improve clinical decision-making, identify anesthesia-
related risk and protective factors, and enhance discus-
sions at morbidity and mortality conferences.
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