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Abstract

As more older adults undergo surgical procedures, it is incumbent upon us to learn how to provide
them with the safest possible perioperative care. We conducted a retrospective cohort study at a
large tertiary care center to determine whether outcomes following anesthesia-related adverse
events differed between patients 65 and older versus patients under 65 years old. 1,424 cases were
referred to the Performance Improvement committee of the Department of Anesthesiology from
the years 2007-2015. After exclusions of cases that were not anesthesia related, could not be
identified, or were duplicates, 747 cases with anesthesia-related adverse events were included in
the study. 286 were = age 65 and 461 were < age 65. Anesthesia-related adverse events occurred
more commonly in the postoperative period in older patients relative to younger patients. (37.7%
vs 21.9%, p = 0.001), and older patients had a greater incidence of mortality compared to a
propensity-matched group of younger patients (adjusted odds ratio 1.87 (1.14-3.12), p <0.05). We
concluded that older patients have a greater likelihood of mortality as a result of suffering an
anesthesia-related adverse event and may benefit from increased vigilance in the postoperative
period.
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Introduction:

As the population ages, perioperative medical providers must understand the complexities of
providing care to older patients. Older patients are living longer, undergoing more surgeries,
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1.2.3 and often present with multiple comorbidities. Older patients also have anatomic and
physiologic changes that differ from the younger population that make the provision of safe
anesthetic care more challenging.*® Indeed, older patients have been shown to suffer
postoperative adverse events, including cerebrovascular accident, myocardial infarction,
kidney injury, pneumonia, unplanned intubation, and mortality at greater rates than younger
adults.® Furthermore, when complications occur, failure to rescue is more common in older
adults, leading to an increased risk of mortality following the complication.”-® To date, no
prior study has reported on adverse events in the perioperative period that are specifically
anesthesia-related in older patients.

In a prior study we characterized anesthesia-related adverse events in patients of all ages
including which organ systems were affected, the timing of the event in the perioperative
period, the underlying cause of the event and whether it was preventable, and the ultimate
outcome of the patient related to the adverse event.19 We undertook this secondary analysis
of the dataset to compare anesthesia-related adverse events between patients age 65 and
above versus those under the age of 65.

This secondary analysis of our prior retrospective study’ was approved by the Institutional
Review Board at Icahn School of Medicine at Mount Sinai, New York, NY. The requirement
for written informed consent was waived.

At our institution, perioperative adverse events are reviewed by the Performance
Improvement (PI) committee of the Department of Anesthesiology. The PI committee meets
monthly in a closed session, and consists of approximately 20 board-certified
anesthesiologists representing all subspecialties as well as chief residents and the chief nurse
anesthetist. In addition to adverse events reviewed because they met departmental criteria for
review, e.g., respiratory and cardiac arrest or neurologic injury, and those self-reported by
anesthesiology personnel; the committee also reviews patient complaints, events referred
through the hospital-wide electronic medical error reporting system, all mortalities within 48
hours of anesthetic care, and cases referred by other departmental PI committees.

Cases for review are first assigned to a member of the committee who performs a chart
review, interviews the involved providers, and writes a detailed narrative and formal
assessment of the adverse outcome. The case is then verbally presented to the Pl committee.
A detailed description of the case along with the committee’s assessment and corrective
action plan, if applicable, are recorded in the monthly minutes. We performed a retrospective
review of each anesthetic case presented to the anesthesiology department PI committee
from 2007 to 2015. The review panel consisted of four anesthesiologists with subspecialties
including pain (CC), obstetrics (YB), and neuroanesthesia (PM). One of the panelists is a
former naval nuclear engineering officer with prior experience in critical incident study and
root cause analysis (CC), and another panelist is board certified in clinical informatics (PM).

Two authors were assigned to review each year of cases. The pairings were switched for
subsequent years so that all possible reviewer combinations were achieved. Materials
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available for review included the PI committee report, the anesthetic record (CompuRecord,
Philips, Andover, MA), and the institutional electronic health record (Epic Systems
Corporation, Verona, WI.) Using the Research Electronic Data Capture tool (REDCap;
Vanderbilt University, Nashville, TN), data for each case was electronically entered by each
reviewer.

Cases were excluded if the patient was unable to be identified, the case was a duplicate, no
adverse event occurred, or the event was not anesthesia related. An example of “no adverse
event occurred” is a case referred to the committee because of a patient complaint, however,
no complication occurred. The “not anesthesia related” exclusion applied to cases where
both reviewers independently agreed that the complication was clearly not due to a decision
or action by the anesthesia team, e.g., a technical error by the surgeon.

Each study investigator reviewed the case and filled out the reporting template individually
using a written taxonomy as guidance, which was jointly developed by all four investigators
prior to starting the study. Investigators determined the underlying cause of the adverse event
as adapted from Lagasse et al.11 This process is more fully described in our prior
publication.1® We regarded two underlying causes: “limitation of therapeutic standard” and
“limitation of diagnostic standard” as non-modifiable underlying causes, and therefore the
adverse event was deemed non-preventable because either the patient and/or the surgical
procedure was complex, and despite appropriate care there was an adverse event.
Investigators also classified the type of adverse event for each case using a classification
scheme derived from the Anesthesia Quality Institute (AQI) Anesthesia Incident Reporting
System (AIRS).12 Adverse events categories included: Neurologic, Cardiac, Respiratory,
Trauma, Hematologic, and Medication. Patient outcomes related to the event, including
unplanned intensive care unit (ICU) admission, residual injury (defined as not returning to
the patient’s baseline level of health), all cause death within 48 hours of the procedure, and
death related to the adverse event at time of review were recorded. Demographic and
comorbidity data (in the form of administrative diagnosis codes) were retrieved from the
electronic medical record.

Finally, the pair of reviewers assigned to each case met in person to merge their case
assessments using the REDCap double data entry tool. The tool provided a work list of cases
with disparate reviewer responses, which were reviewed by the two investigators. A verbal
agreement was reached on those items to produce a final, merged record. If agreement was
unable to be reached, a group consensus was sought by discussion with the other two
investigators.

After exclusions, the final dataset was divided into two groups for comparison, age < 65 and
age = 65.

Statistical Analysis

Data are presented as mean (standard deviation), median [quartile 1 — quartile 3], and count
(percent). For comparisons between age groups, chi squared test was used for categorical
variables and Wilcoxon rank-sum for continuous variables, with p < 0.05 considered
significant. To account for differences in patient populations propensity matched scoring was
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performed on the data set. Patients were matched on the following variables: gender, Body
Mass Index (BMI), ASA classification, presence of hypertension, diabetes, congestive heart
failure, arrhythmia, valvular disease, peripheral vascular disease, neurologic disease, renal
failure, hepatic failure, cancer, coagulopathy, Charleston Co-morbidity Index, specialty
category, and total anesthesia time. These variables were chosen because they have been
associated with poor outcomes after perioperative complications, or in the case of specialty
category because they may represent a similar group of patients or procedures.13-26 After
matching, a total of 210 matched pairs were included for further analysis. Differences
between groups in outcomes (unplanned ICU admission, failure to return to baseline health,
all-cause mortality within 48 hours of the anesthetic, and mortality related to the adverse
event) found in univariate analysis were entered into a multivariable logistic regression
analysis to assess for independence. We then performed sensitivity analyses by examining
models of interaction terms and assessing different age cutoffs. All calculations were
performed using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria.)
The R package medicalrisk version 1.2 was used to determine Charlson Comorbidity Index
values.?’

Of 551,394 anesthetics during the years 2007-2015, 144,353 (26.2%) were performed in
patients > 65 and 407,041 (73.8%) occurred in those < age 65. Overall during the study
period, 1,424 records were referred to the PI committee for review (0.26%) and after
exclusions, 747 were included in the final study; 286 (38.3%) were = age 65 and 461
(61.7%) were < age 65 (Fig 1). Older patients were over-represented in the dataset, as 26.2%
of all anesthetics were performed in older patients but 38.3% of the anesthesia-related events
occurred in this group, p < 0.00001.

There were significant differences in the demographics and general state of health between
the two patient groups. A higher percentage of patients > 65 had an American Society of
Anesthesiologists-Physical Status (ASA-PS) score >2 (91.3% vs 63.3%, p < 0.001). Older
patients were also more often inpatient (92.0% vs 82.6%, p < 0.001), and had hypertension
(79.7% vs 42.7% p < 0.001), diabetes (27.3% vs 16.7% p < 0.001), congestive heart failure
(CHF) (28.0% vs 14.3%, p < 0.001), and pulmonary disease (28.3% vs 18.0% p < 0.001).
The proportion of cases classified as emergent was similar between groups (17.8% vs
18.4%, p = 0.83), (Supplementary Table 1).

Propensity matching was used in an effort to control for the significant differences in
baseline characteristics. The twenty-four specialty categories were constructed into five
groups based on the general type of patient characteristics and anesthesia care provided.

There were no obstetric cases in patients over 65 in our original dataset, thus these case were
excluded from the propensity matching. There were no significant differences in the
underlying characteristics or comorbidities between the two groups in the propensity
matched population, (Table 1).
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In the original dataset of 747 anesthesia-related adverse events, respiratory events (n= 245,
32.8%) were the most commonly reported adverse event category,followed by cardiac (n=
179, 24.0%), traumatic injuries (n= 125 16.7%), neurologic events (n= 110, 14.7%),
medication errors (n= 68, 9.1%), and hematologic complications (n= 21, 2.8%).

There were significant differences in the distribution of adverse events between younger and
older patients (Fig 2a) (P<0.0001). Cardiac events represented a larger portion of adverse
events in older patients (34.3% vs 17.6% p < 0.0001) in the unmatched dataset. More
specifically, cardiac arrest accounted for 23.1% of adverse events in older patients, versus
12.6% of adverse events in younger patients, p < 0.001. Within the propensity matched data
set, the distribution of types of adverse events was not significantly different based on age p
=0.18 (Fig 2b). A complete list of adverse events for both age groups is included in
Appendix A.

The percentage of events considered preventable was not different between older or younger
patients (40.9% vs 44.0% P= 0.40). The timing of the adverse events was different between
older and younger patients in both the unmatched dataset as well as in the propensity-
matched data set (p=0.001). Events in younger patients occurred more frequently during the
pre-incision period, whereas older patients experienced more adverse events in the
postoperative period (Fig 3).

The reviewers classified each event as being attributable to either a system or human cause.
Overall, system causes accounted for 73.8% of all adverse events. There was not a
significant difference noted in the proportion of events attributed to system causes between
older and younger patients (76.9% vs 71.8%, p=0.14) (Table 2) An age-stratified table of
adverse events by underlying cause is available in Appendix B.

Univariate logistic regression results from the unmatched dataset can be found in
(Supplementary Table 2). Multivariable logistic regression analysis revealed that age = 65
was independently associated with failure to return to baseline after the event, all cause 48-
hour mortality, and overall mortality as a result of the adverse event. Emergency surgery was
associated with all-cause death within 48 hours and mortality related to the event. ASA-PS
score >2 was also an independent predictor of all three of these outcomes. (Supplementary
Table 3)

In the propensity-matched data sets, age =65 remained a significant predictor of mortality
related to the adverse event, but not failure to return to baseline or all-cause death within 48
hours. Increasing ASA-PS scores above 2 remained predictive of failure to return to
baseline, all-cause death within 48-hours, and mortality related to the adverse event.
Emergency surgery predicted both all-cause death within 48 hours and mortality related to
the adverse event. (Table 3)

As part of the sensitivity analysis, the logistic regressions were run utilizing different age
cutoffs. Age =55 was independently predictive of overall mortality as a result of an adverse
event, Age = 75 was independently predictive of failure to return to baseline, death within 48
hours, and overall mortality as a result of the event. (Supplementary Table 4) When the
population is constrained to patients between 55 and 75 years old, or 60-70 years old, age
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over 65 ceases to be predictive of adverse outcomes, which may indicate that the effect is
more concentrated at the extremes of the older population. (Supplementary table 5)

Limitations:

This study has several limitations. It is a single institution study, and the distribution of
adverse events may be different in other practice settings. Minor adverse events that
occurred during the study period but were not significant enough to be reported to the Pl
committee would not have been included in the study. It is also possible that significant
adverse events occurred over the study period that were not reported to the PI committee.
The decisions to exclude cases are to some extent subjective. Excluding cases for being “not
anesthesia related” has been done in prior studies of adverse events. Previous studies have
utilized screening by a single anesthesiologist to determine whether a case required further
review.28-30 Our study design required two anesthesiologists to independently review each
case to help strengthen the quality of the data reviewed. Furthermore, our sample was too
small to make significant conclusions about specific subtypes of adverse events beyond the 6
broad adverse event categories discussed here. Additionally, any comparison of populations
is vulnerable to omitted variable bias. Though our propensity models attempt to control for
non-age differences within the groups, we are only able to control for a limited number of
factors thus it is possible that omitted variables (e.g. measures of frailty, baseline cognitive
function, lab results, other unmeasured characteristics), impacted our observed results.

Discussion

The main findings of this study were that as compared to patients < 65, those > age 65
suffered anesthesia-related adverse events more commonly in the postoperative period and
were more likely to die as a result of an adverse event. Additionally, approximately 40% of
adverse events were preventable regardless of age.

Previous large database studies have shown that age independently predicts a composite of
major adverse outcomes, length of stay, and mortality in the perioperative period.
3.7.2531-340ne of the largest studies, a retrospective cohort study utilizing the American
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP)
database from 2005-2008 included 165,600 patients and found that within the first 30 days
following non-emergency general surgery, older adults had higher rates of surgical site
infections, venous thromboembolism, cerebrovascular accident, myocardial infarction,
kidney injury, urinary tract infection, pneumonia, prolonged mechanical ventilation,
unplanned intubation, and return to the operating room.8 Furthermore, once a complication
occurred, older patients were significantly less likely to survive the event (i.e. failure to
rescue) relative to younger patients, especially in the cohort great than 80 years old. Though
advances in surgical techniques and systems improvements have led to decreases in
mortality for patients of all ages, older adults who suffer a postoperative complication have a
much higher risk of mortality than younger patients across studies and failure to rescue has
been identified as a key driver of the wide variability in mortality for older adults who suffer
a complication across different institutions.8.9:33:35.36_ This makes anticipating, preventing,
and, importantly responding to complications particularly important in older adults.

J Healthc Qual. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Root et al.

Page 7

Compared to previous studies, this study is unique in that we focused specifically on
anesthesia-related adverse events. We found that among patients who suffered anesthesia-
related adverse events, older patients had a decreased likelihood of returning to their
baseline level of health, and after propensity matching for pre-existing co-morbidities and
type of surgery, age remained an independent predictor of mortality as a result of the adverse
event. Older adults have a lower functional reserve in all organ systems to varying degrees.
This limited physiologic reserve may not be apparent at baseline, but may become evident
during acute processes such as illness or surgery, and may in part explain the greater
incidence of mortality as a result of an anesthesia-related adverse event in our study, as well
as failure to rescue after perioperative complications in general.

The older patients in our unmatched dataset suffered more cardiac adverse events, likely
explained by the burden of pre-existing co-morbidities in the older population as the
propensity matched sample did not show a difference between groups in adverse event type.
Cardiovascular adverse events were found to be the most common perioperative adverse
event in older patients by a prior group of investigators.3” In another study, increasing age
was independently associated with an increased risk of major adverse cardiovascular events
(MACE) after non-cardiac surgery.38 Older patients have also been shown to have a higher
risk of cardiac arrest compared to younger patients.33 and older age is associated with lower
survival after perioperative cardiac arrest.3? In general, greater than 60% of in-hospital
cardiac arrests may be avoidable, especially those that happen in non-critical care areas as it
has been demonstrated that survival after cardiac arrest is improved if the arrest occurs in
critical care areas.? Given the greater number of cardiac arrests in older patients relative to
other adverse events and that they occurred in the postoperative period, careful consideration
should be given to the postoperative disposition of older patients with multiple co-
morbidities and may warrant consideration for ICU admission relative to younger patients.

We expected that anesthesia-related adverse events would not be preventable in older
patients, given their higher burden of co-morbidities and decreased functional reserve.
Approximately 40% of anesthesia-related adverse events in this dataset were determined to
be preventable, and this did not differ between older versus younger patients, suggesting that
there is room for improvement in patient safety for all age groups.

Conclusions:

Our data suggests that there are significant differences in the timing and outcomes of
anesthesia-related adverse events between older and younger patients, most notably that
older patients have a higher likelihood of mortality as a result of suffering an anesthesia-
related adverse event. Approximately 40% of anesthesia related adverse events were
preventable in both older and younger patients, and future efforts should be made to reduce
the incidence of these preventable events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications:

Older patients may benefit from a longer period of heightened vigilance in the PACU and
postoperative period, as this is the time period when they were most susceptible to
anesthesia-related adverse events in our study. Further studies utilizing larger samples
from multiple centers are needed to more precisely determine the significance of the
differences seen here.
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551,394 anaesthetic cases from
2007 through 2015

1,424 cases referred to
PI committee for review

Exclusions (677):

Not anaesthesia related (526)

No record in AIMS (2)

Complaint, no anaesthetic complication (89)
Duplicate (38)

Pain service complication (19)

Case referred from outside institution (3)

747 cases reviewed
-286 cases = 65 years old
-461 cases < 65 years old

420 cases slected for propensity matching
-210 cases= 65 years old

-210 cases < 65 years old

Figure 1:
Flow chart of case selection. The majority of cases excluded were because two reviewers

independently agreed that the adverse event was unrelated to anesthetic management. PI =
Performance Improvement; AIMS = Anesthesia Information Management System.
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a 37.5%
34.3%
25.2%
17.6% 16.7%
I 1129

Cardiac Respiratory  Neurologic

b
37.1%
31.9%
28.1%
25.2%

14.8%
I 11.4%

Cardiac Respiratory  Neurologic

Figure 2.
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m Patients Under 65 (n=461)

Patients 65 and Over (n=286)

18.9%
15.4%
10.4%
7.0%
249, 34%
[
Trauma Medication = Hematologic

m Patients Under 65 (n=210)
Patients 65 and Over (n=210)

18.1%

12.4%

7.6% 7.10

Trauma Medication Hematologic

a. Adverse event type by age (n=747). Cardiac events were more common in patients = 65
years-old and respiratory events were more common in patients <65 years-old. p< 0.001
b. Adverse event types in the propensity-matched population (n=420) were not significantly

different based on age. p = 0.18
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Pre-incision W Intraoperative Postoperative

Patients 265 (n=286) | 19.1%
Patients <65 (n=461) |  241%

Pre-incision M Intraoperative Post-operative

Patients 265 (n=210) | 17.10%
Patients <65 (n=210) 24.30%

Figure 3.
a. Timing of adverse events in unmatched patient population (n=747).

b. Timing of adverse events in propensity matched population (n=420).

Pre-incision= induction, intubation, positioning. Intraoperative= from procedure start to
procedure finish. Postoperative = emergence, extubation, transport, post-anesthesia care unit,
intensive care unit/inpatient floor/home. Patients < 65 years-old had more pre-incision
adverse events and patients > 65 years-old had more postoperative adverse events. p = 0.001
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Table 1.

Characteristics of the Propensity Matched Population Stratified by Age (n=420).

Page 15

<65 265 p
N (%) 210 (100) 210 (100)
Specialty Category Group
Cardiac, Thoracic, Cardiology (%) 49 (23.3) 57 (27.1) 0.432
Dental, ENT, OMFS (%) 15(7.1) 16 (7.6) 1
GlI, Pulmonology, Psychiatry, IR, Radiology, Ophthalmology, Pain (%) 22 (10.5) 22 (10.5) 1
General/Colorectal, Gynecology, Plastics, Urology, Transplant, Vascular (%) | 93 (44.3) 82 (39.0) 0.322
Neurosurgery, Orthopedics, Spine (%) 33(15.7) 36 (17.1) 0.792
OB (%) 0(0) 0(0) 1
Female Gender (%) 102 ( 48.6) 92 (43.8) 0.378
BMI(median [IQR]) 28.95 [23.28, 34.10] 26.56 [23.82, 31.30] 0.161
ASA PS Score (%) 0.902
1 5(2.4) 3(1.4)
2 21(10.0) 22 (10.5)
3 92 (43.8) 95 ( 45.2)
4 81(38.6) 82 (39.0)
5 11(5.2) 8(3.8)
Length of Anesthesia (mins) (median [IQR]) 257.00 [143.25, 393.25] | 265.00 [175.00, 396.25] | 0.322
Emergency Status (%) 44 (21.0) 40 (19.0) 0.714
Inpatient 182 (86.7) 189 (90) 0.362
Hypertension (%) 148 (70.5) 154 (73.3) 0.587
Diabetes (%) 53 (25.2) 59 ( 28.1) 0.581
CHF (%) 51 (24.3) 49 (23.3) 0.909
Pulmonary Disease (%) 50 (23.8) 53(25.2) 0.821
Arrhythmia (%) 69 ( 32.9) 73(34.8) 0.757
Valvular Disease 1 (%) 30 (14.3) 29 (13.8) 1
Pulmonary Circulation Disease(%) 18 (8.6) 21 (10.0) 0.737
Peripheral Vascular Disease (%) 22 (10.5) 28 (13.3) 0.451
Paralysis (%) 7(3.3) 7(3.3) 1
Neurological Disorders (%) 24 (11.4) 25(11.9) 1
Hypothyroid (%) 13(6.2) 15(7.1) 0.845
Renal Failure (%) 53(25.2) 48 (22.9) 0.648
Liver Disease (%) 25(11.9) 23 (11.0) 0.878
Peptic Ulcer Disease (%) 3(1.4) 2(1.0) 1
Cancer (%) 44 (21.0) 46 (21.9) 0.905
Rheumatoid Arthritis (%) 3(1.4) 4(1.9) 1
Psychiatric Disease (%) 22 (10.5) 27 (12.9) 0.543
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ENT= Ear, Nose and Throat Surgery, OMF= Oral and Maxillofacial Surgery, GYN= Gynecological Surgery, IR= Interventional Radiology, OB=
Obstetrics, BMI= Body Mass Index, ASA-PS= American Society of Anesthesiologists Physical Status Score, CHF= Congestive Heart Failure
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Events by Primary Cause Stratified by Age.

Table 2.

Total (n=747) | Age <65 (n=461) | Age =65 (n=286) | P value
Primary Cause 0.14
System 551 (73.8%) | 331 (71.8%) 220 (76.9%)
Human 196 (26.2%) | 130 (28.2%) 66(23.1%)
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Adjusted Odds Ratio for Outcomes via Multivariable Logistic Regression on Propensity-matched Subgroup

(n=420) Return to Baseline (n=245) Death within 48 hours (n=115) (Ove7r€a)ll Mortality as a result of adverse event
n=
patent e | AOR | 9%l p | AoR | es%c p AOR 95% Cl p
Age 265 073 | 048 | 1.11 | 0.143 1.76 | 1.00 3.16 | 0.054 1.87 1.14 3.12 | 0.014
ASA-PS Score 3 0.40 | 0.15 | 0.91 | 0.040 4.29 | 0.80 79.62 | 0.169 7.54 1.49 137.79 | 0.053
ASA-PS Score 4 0.20 | 0.07 | 0.48 | 0.001 18.13 | 3.50 | 334.14 | 0.006 29.82 5.88 545.78 | 0.001
ASA-PS Score 5 0.05 | 0.01 | 0.23 | <0.001 | 44.17 | 5.99 | 939.01 | 0.001 131.40 16.28 3019.85 | <0.001
Emergency 062 | 035 | 1.11 | 0.108 2.96 | 1.53 5.71 | 0.001 2.48 1.34 4.61 | 0.004
Hypertension 098 | 059 | 1.63 | 0.934 0.61 | 0.31 1.20 | 0.148 0.66 0.36 1.22 | 0.179
Diabetes 0.82 | 0.50 | 1.34 | 0.431 1.27 | 0.64 2.49 | 0.498 1.38 0.77 2.46 | 0.276
Congestive Heart
Failure 095 | 056 | 1.62 | 0.847 0.88 | 0.43 1.74 | 0.715 1.10 0.60 2.00 | 0.758
Pulm Disease 1.09 | 0.67 | 1.78 | 0.741 0.38 | 0.17 0.78 | 0.012 0.63 0.34 1.14 | 0.132

AOR= Adjusted Odds Ratio, ASA-PS= American Society of Anesthesiologists Physical Status Score, for ASA-PS score, a score of 2 was used as

the reference.

Pulm = pulmonary
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