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Objective: The nation's aging population presents novel perioperative challenges. Potential benefits of operative
interventionsmust be scrutinized in relation to recoverable quality of life. The purpose of this study is to evaluate
common risk calculators used for medical decision making in a nonagenarian patient population.
Methods: Retrospective medical record reviewwas performed on patients 90 years or older who underwent op-
erative interventions requiring anesthesia at a large academic medical center between January 1, 2013, and De-
cember 31, 2017. GraphPad 8.2.1 was used for statistical analysis.
Results: Significant differenceswere foundwhen datawere stratified by age for elective versus emergent cases (P
value b .0001), ability to return to baseline function (P value = .0062), and mortality (P value b .0001). Signifi-
cant differences were found in emergent and elective cases, ability to return to baseline function, readmissions,
and mortality (all P values b .0001) when stratified by American Society of Anesthesiologists score. Ability of pa-
tients to return to baseline functionality after intervention was influenced by their preintervention level of func-
tionality (P value = .0008). American College of Surgeons and Portsmouth Physiologic and Operative Severity
Score for Enumeration of Mortality and Morbidity risk calculators underestimated the need for rehabilitation
and overestimated mortality for this population (all P values b .0001).
Conclusion: Perioperative cares of the extreme geriatric population are complex and should be approached col-
laboratively. Rehabilitation and postoperative assistance resources should be assessed and used fully. Input
from palliative care teams should be sought appropriately. End-of-life and escalation-of-care discussions should
ideally be organized prior to emergent interventions. Frailty and risk calculators should be used and considered
for formal implementation into the preoperative workflow.

© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

As our patient population ages, operating on nonagenarians has be-
come more common [1–10]. The need for increased interdisciplinary
guidelines for geriatric surgical care has been well established by the
American College of Surgeons (ACS) [11]. These patients present unique
challenges for surgeons, whose ultimate goal likely includes offering the
best chance at returning to their baseline functional status. Because of
this, the ACS has set out to delineate challenges and solutions to surgical
hurdles unique to this demographic [12]. A handful of published studies
have assessed elderly mortality rates after abdominal procedures,
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although these investigations were performed when nonagenarians
themselves were less common [7–9].

Surgeons would also benefit from implementing metric systems to
assess which patients will do well and which ones will not, and impart
the wisdom to guide the decision to proceed with surgical intervention
and the stressors entailed. The ACS Risk Calculator and the Portsmouth
Physiologic and Operative Severity Score for Enumeration of Mortality
and Morbidity (P-POSSUM) scores have been used to better guide
these difficult decisions and serve as an adjunct to discussions with pa-
tients and their families. Racz et al published a similar study of the Cana-
dian population in 2012 [6], and in 2014, Davis et al demonstrated
higher than calculated morbidity in nonagenarians undergoing cardiac
procedures [13]. The international community has highlighted this age
group as requiring thoughtful considerations not only to promote ap-
propriate patient selection for operative intervention but also to ensure
safety in perioperative cares [14–18]. However, the data determining
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the accuracy of these scoring systems in the nonagenarian population
undergoing general surgical procedures in America have not been
assessed in the last decade.

Here, we seek to assess the outcomes of nonagenarians who
underwent procedures requiring general endotracheal anesthesia in
an effort to better understand and delineate in what situations the ben-
efits of surgery outweigh the risks in a population complicated by years
of comorbidities and frailty. Emphasis will be placed upon a compre-
hensive approach using resources already widely available in general
practice settings to further assist with planning the care of a unique
population, such as risk and frailty calculators, physical and occupation
therapists, and palliative care teams. In turn, it will also help to decrease
stigma regarding operating on geriatric patients by providing evidence-
based research to substantiate medical decision making.
METHODS

Approval for this study was obtained from the University of Ne-
braskaMedical Center Institutional ReviewBoard. A comprehensive ret-
rospective medical record review was conducted on 555 patients who
underwent any operative intervention requiring anesthesia at a large
academic center between January 1, 2013, and December 31, 2017,
who were 90 years of age or older at the time of the procedure. Thor-
ough medical record review included data regarding patient demo-
graphics, presentation information, procedure performed,
postoperative complications, length of stay, disposition at discharge,
1-month mortality, 6-month mortality, 1-year mortality, ACS Risk Cal-
culator scores, P-POSSUM scores, elective or emergent case nature,
functional status, living situation, ability to return to functional status,
code status, change in code status, code status decisionmaker, palliative
care consult, inpatient death, and American Society of Anesthesiologists
(ASA) score, among other parameters. ACS Risk Calculator and P-
POSSUM scores were calculated for each patient for whom the neces-
sary parameterswere obtainable. Each encounter of a procedure requir-
ing anesthesia was identified as an isolated event; thus, individuals may
bepresentmultiple instanceswithin the data set at different timepoints
for additional emergent or elective procedures.

The resultant data set was inherently right skewed, with most pa-
tients being in their younger 90s, and thus did not follow a normal dis-
tribution. GraphPad Prism 8.2.1 was used to carry out nonparametric
data analysis and assess data for descriptive statistics. Multiple
Kruskal-Wallis and Mann-Whitney tests were carried out to determine
the significance of various comparative permutations of the data.
Graphical correlation of significant relationships as identified by
Kruskal-Wallis testing was used to establish trends helpful in
interpreting data significance.
Fig. 1. A, Proportion of emergent and elective cases grouped by patient age under or over 95 yea
Elective cases under 95 years old, n=192; over 95 years old, n=14. B, Proportion of patients ab
= .0062. Patients under 95 years old unable to return to prior function, n = 320; over 95 yea
95 years old, n = 16. C, Proportion of patients dead and alive at time of discharge grouped b
time of discharge, n = 14; over 95 years old, n = 8. Patients under 95 years old alive at time o
RESULTS

A total of 555 qualifying patients were identified upon retrospective
medical record review. Average patient age at time of intervention re-
quiring anesthesia was 92.67 years old. Two hundred eleven patients
were male, whereas 344 patients were female. Average ASA score was
3.16. Data were analyzed in multiple stratifications via Kruskal-Wallis
and Mann-Whitney testing because of its non-normal distribution.

Age Stratification.When analyzed by patient age grouped into catego-
ries of below and above age 95 years, 59% of cases were emergent,
whereas 41% of cases were elective, for those under 95 years. Compara-
tively, 83% of cases were emergent and 17%were elective for those over
age 95 years (P value b .0001, Fig. 1).

A patient's ability to return to prior level of functionwas assessed by
comparing documentation regarding living situation, status of indepen-
dence, and discharge disposition. If a patient lived a lifestyle that did not
require assistance preoperatively but did require assistance postopera-
tively, the patient was categorized as unable to return to the prior
level of function. Conversely, if the patient was able to return to their
preoperatively lifestyle with the same amount of assistance postopera-
tively, the patient was deemed as able to return to their prior level of
function. Sixty-eight percent of patients under 95 years old were unable
to return to prior function, whereas 29% were able to regain prior func-
tionality. In the over–95 years old grouping, 79% were unable to return
to prior function,whereas 20%were able to do so (P value= .0062, Fig 1,
B). Functional status was not available for every patient in the data set.

Three percent of patients in the under–95 years age grouping died
prior to discharge, whereas 97% of those under 95 years old survived
to discharge. Ten percent of those over 95 years died prior to discharge,
whereas 90% survived (P value b.0001, Fig. 1, C).

ASA Stratification. Further analysis was done by stratifying the data per
ASA score. ASA1 is defined as a healthy patient, ASA2 is a patient with
mild systemic disease, ASA3 is a patient with severe systemic disease
that is a constant threat to life, ASA4 is a patientwith incapacitating sys-
temic disease that is a constant threat to life, ASA5 is amoribund patient
unexpected to survivewithout operative intervention, and ASA6 is a pa-
tient who has been declared as brain dead undergoing organ procure-
ment. Emergent cases accounted for 0%, 59%, 64%, and 63% of
interventions for patients classified as ASA1, ASA2, ASA3, and ASA4, re-
spectively; the remainder of cases in each group were deemed to be
elective (P value b.0001, Fig. 2, A).

The ability of patients in each ASA score category to return to their
level of preoperative function was also assessed; however, data regard-
ing function statuswere not available for each patient. A total of 0%, 24%,
29%, and 24% of patients were able to return to their previous level of
rs; P value b.0001. Emergent cases under 95 years old, n=281; over 95 years old, n=68.
le to return to prior level of function grouped by patient age under or over 95 years; P value
rs old, n = 65. Patients under 95 years old able to return to prior function, n = 138; over
y patient age under or over 95 years; P value b .0001. Patients under 95 years old dead at
f discharge, n = 459; over 95 years old, n = 74.

Image of Fig. 1


Fig. 2.A, Proportion of emergent and elective cases grouped by patient ASA score; P value b.0001. Number of emergent cases inASA 1–4, respectively: 0, 22, 247, and 80. Number of elective
cases inASA 1–4, respectively: 1, 15, 142, and 48. B, Proportion of patients able to return to prior level of function grouped by patient ASA score; P value b .0001. Number of patients unable to
regain baseline function in ASA 1–4, respectively: 1, 26, 261, and 97. Number of patients able to regain baseline function in ASA 1–4, respectively: 0, 9, 114, and 31. C, Proportion of patients
readmitted to hospital system within 30 days of discharge grouped by patient ASA score; P value b .0001. Number of successful discharges in ASA 1–4, respectively: 1, 33, 308, and 96.
Number of readmissions in ASA 1–4, respectively: 0, 4, 61, and 26. D, Proportion of patients dead and alive at discharge grouped by patient ASA score; P value b .0001. Number of deaths at
discharge in ASA 1–4, respectively: 0, 0, 16, and 6. Number of patients alive at discharge in ASA 1–4, respectively: 1, 37, 373, and 122.

Fig. 3. Proportion of patients able to return to prior level of function grouped by
preoperative functional status; P value = .0008. Previously independent patients unable
to return to prior functionality, n = 234; able to regain functionality, n = 82. Previously
partially dependent patients unable to return to prior functionality, n = 141; able to
regain functionality, n = 42. Previously dependent patients unable to return to prior
functionality, n = 10; able to regain functionality, n = 30.
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function, whereas 100%, 70%, 67%, and 76% of patients were unable to
return to their previous level of function in ASA score categories 1
through 4, respectively (P value b.0001, Fig. 2, B).

A readmission was defined as a subsequent admission to a hospital
tracked within the electronic medical record (EMR) associated with
the hospital system where the study was performed within 30 days of
discharge from the encounter during which the intervention under an-
esthesia was performed. This was not available for each patient and
could not account for instances where the patient may have been
taken to a hospital outside of the health system in question. A total of
0%, 11%, 16%, and 20% of patients classified as ASA1, ASA2, ASA3, and
ASA4, respectively, had subsequent readmissions within the hospital
system within 30 days from their original discharge (P value b.0001,
Fig. 2, C).

The proportion of patientswhodied prior to discharge in ASA group-
ing 1 through 4 was 0%, 0%, 4%, and 5% (P value b.0001, Fig. 2, D).

Functional Status. Preoperative functional status was assessed by sur-
veying physical therapy and occupational therapy designations and rec-
ommendations. When this was not available, documentation from the
patient, family, or referring facility was used. Functional status was not
available for every patient. The level of postoperative assistance recom-
mended for patient disposition by the physical and occupational ther-
apy teams was used to designate each patient's postoperative
functional status. Ifmultiple recommendationswere given during an in-
patient stay, the assessment closest to discharge (which would be used
as the patient's disposition plan) was considered. Determination if
patients were able to return to prior level of function was made by
assessing if they requiredmore or less assistance or resources compared
to their preoperative designation at discharge. Twenty-six percent of
patients who were deemed independent were able to return to their
prior state of living without any additional assistance compared to

Image of &INS id=
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23% of partially dependent patients and 75% of dependent patients (P
value = .0008, Fig. 3). Partially dependent and dependent patients
were deemed unable to return to prior level of function if they required
more assistance than they already had in place prior to their interven-
tion requiring anesthesia; that is, 76% of partially dependent and 25%
of dependent patients required more resources at discharge.

Palliative Care Consult. Palliative care consults were ordered on 7% of
all patients reviewed. Thirty-six percent of patients who died during
their admission had palliative care consult. Eleven percent of patients
had a code status change either escalating or deescalating cares during
admission. Twenty percent of patients who had a formal palliative
care consult in place died prior to discharge, whereas 3% of those with-
out a palliative care consults died prior to discharge (P value b.0001, Fig.
4).

Risk Calculator Predictions. ACS and P-POSSUM values were calcu-
lated when able; however, the parameters necessary for these calcula-
tions were not available for each patient, or their procedure may not
have been within the test database. Mann-Whitney tests were carried
out to analyze statistically significant differences between groups. An
ACS score was able to be calculated for 60% of patients, and a P-
PPOSUMscorewas able to be calculated for 77% of patients. The average
ACS-predicted rehabilitation scorewas 48%, whereas 64% of patients ac-
tually required postoperative rehabilitation services (P value b.0001,
Fig. 5, A). The average ACS-predicted mortality was 7%, and the average
P-POSSUM–predicted mortality was 13%. A statistically significant dif-
ferencewas shownwhen each of thesewas compared against the actual
observedmortality of 4% (ACS-predictedmortality versus actualmortal-
ity P value b.0001, P-POSSUM–predictedmortality versus actualmortal-
ity P value b.0001, Fig. 5, B).

DISCUSSION

We do acknowledge that other frailty, morbidity, and mortality cal-
culators do exist, some of which are specific to certain subspecialties of
surgery, such as urology, head and neck surgery, surgical oncology, or-
thopedic surgery, colorectal surgery, cardiothoracic surgery, and neuro-
surgery. Surgical subspecialty risk calculators and frailty scores have
outperformed generalized surgical risk calculators upon direct compar-
ison [13,16,18–22]. The 5-element modified frailty index, which in-
cludes diabetes, chronic obstructive pulmonary disease, hypertension
requiring medication, congestive heart failure, and functional status,
has been found to be a strong predictor of adverse postoperative events
[23]. Independent analysis of the ACS calculator has also demonstrated
Fig. 4. Proportion of patients dead and alive at discharge grouped by palliative care consult
status; P value b.0001. Number of patients deceased (14) and alive (501) at time of
discharge who did not receive a palliative care consult. Number of patients deceased
(8) and alive (32) at time of discharge who did receive a palliative care consult.
inaccuracies regarding its ability to reliably predict patient length of
stay [24]. The Risk Analysis Index has been found to be a helpful adjunct
in addition to the ACS score because of its ability to leverage patient
frailty as an identifier for potential surgical prehabilitation [25]. Further-
more, use of a self-identified functionality scale was a better predictive
tool for adverse outcomes when combined with the ACS calculator
than the frailty phenotype [26].

The nature of a retrospectivemedical record review is limited by the
completeness of the medical record, particularly in the setting of a sin-
gle-institution study. As mentioned previously, the ACS and P-
POSSUM scores were unable to be calculated for all patients, as some
were missing data or the type of procedure the patient underwent
was not within the calculator tool. Furthermore, readmission instances
could only be tracked within the health system's own EMR system. It
is possible that these patients had other encounters outside of the
health system studied. It also proved quite difficult to accurately assess
elements such as complications because of the expansive variety of
ways in which those instances were recorded within the EMR. It was
also impossible to verify if any risk calculators were consistently used
in preoperative assessments of this population. Although documenta-
tion of this was present in a very small number of surgical consultation
notes, it is possible that some surgeons may not have documented cal-
culations that were indeed performed or, rather, relied on the gestalt
of their career experience. There may be opportunity to standardize
risk stratification as part of the preoperative EMRworkflow, particularly
in the elective outpatient setting.

We also acknowledge that there are confounding variables within
this population. Certainly, these patients have bodies that have dealt
with decades of multiple comorbidities, making them inherently frailer
than many younger patients. However, they have also outlived their
peers and thus may have some physiological advantage regarding
their overall age-adjusted fitness. Per this analysis, the ACS and P-
POSSUM calculators did overestimate the predicted mortality of this
population while underestimating the need for rehabilitation. This
may be a result of more aggressive cares as medicine has advanced
and a trend toward patients to maintain functionality and indepen-
dence in extreme old age. This may be an opportunity for more liberal
use of palliative care teams to set goals for the postoperative course
(or operative decision-making process) with the patient and family be-
yond end-of-life cares.

This studywas limited by several significant factors. The data setwas
overall inherently skewed, withmore patients in the younger end of the
nonagenarian pool. The data set also containedmorewomen thanmen.
Because of the non-normal distribution of the data, nonparametric data
analysis tools were used. This limited the ability to interpret exactly
which relationshipswithin each comparison held themost significance,
but was able to demonstrate significant trends across compared groups
of data. Although the overall data set was adequately powered, the mi-
croanalyses within the subgroupings of course had a smaller number of
patients, which limit the clinical application of the analyzed trends. For
example, only 1 patient had anASA score of ASA 1; however, it would be
unusual to find a large number of ASA 1 patients in the nonagenarian
population.

In conclusion, medical and surgical cares of the extreme geriatric
population are complex and should be approached in a multidisciplin-
ary fashion. Teams involved inmedical decisionmaking should have ex-
tensive and thorough conversations regarding the patient's wishes for
escalation of cares and end-of-life planning, ideally in the outpatient
setting, prior to an emergent encounter. It would be beneficial to have
the input of palliative care teams as appropriate.

Routinely collected preoperative patient data parameters readily
available via EMR review have been previously used to construct simple
frailty indices to predict adverse surgical outcomes independent of risk
and frailty calculators [27]. Rather than recommend the use of a single
risk calculator alone, we propose that the addition of a frailty index
(such as the 5-element modified frailty index) or patient functionality
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Fig. 5. A, ACS rehabilitation prediction versus proportion of patients who actually required postoperative rehabilitation; P value b.0001. ACS rehabilitation score averaged for 331 patients
forwhom it could be calculated. A total of 343 of 540 patients required some element of postoperative rehabilitation. B, ACSmortality prediction and P-POSSUMmortality prediction versus
actual patientmortality. ACS versus actual, P value b .0001; P-POSSUM versus actual, P value b .0001. ACS mortality score averaged for 331 patients for whom it could be calculated. P-POSSUM
mortality score averaged for 421 patients for whom it could be calculated. Twenty-two of 555 patients died during their operative encounter.
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self-assessment can be leveraged to augment the baseline use of a peri-
operative risk calculator, such as the ACS score, in this particularly vul-
nerable population. Additionally, risk calculators specific to
subspecialty surgery should be used as available. Finally, available post-
operative recovery resources should be assessed for assistance in the re-
habilitation period.
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