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Abstract

Objective—This study aimed to describe the implementation of preoperative geriatric assessment
(GA) in patients undergoing major cancer surgery and to determine predictors of postoperative
delirium.

Summary Background Data—Geriatric surgical patients have unique vulnerabilities and are at
increased risk of developing postoperative delirium.

Methods—Geriatricians at Memorial Sloan Kettering Cancer Center risk-stratify surgical
patients with solid tumors, aged = 75 years using preoperative GA, which includes basic and
instrumental activities of daily living (ADLs, IADLS), cognition (Mini-Cog Test), history of falls,
nutritional state, and comorbidities (Charlson Comorbidity Index [CCI]). The Geriatrics Service
evaluates patients for postoperative delirium using the Confusion Assessment Method (CAM). A
retrospective review was performed. The associations between GA and postoperative outcomes
were evaluated. Univariate logistic regression analysis was performed to determine the predictive
value of GA for postoperative delirium, and a multivariate model was built.
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Results—In total, 416 patients who received preoperative evaluation by the Geriatrics Service
between September 1, 2010, and December 31, 2011, were included. Delirium occurred in 19% of
patients. Patients with delirium had longer length of hospital stay (A<0.001) and greater likelihood
of discharge to a rehabilitation facility (£<0.001). CClI score, history of falls, dependent on IADL,
and abnormal Mini-Cog Test results predicted postoperative delirium on univariate analysis.
Developed using a stepwise selection method, a multivariate model to predict delirium is presented
including CCI score (P=0.032), dependence IADLs (P=0.011) and falls history (P=0.056).

Conclusions—Preoperative GA is feasible and may achieve a better understanding of older
patients’ perioperative risks, including delirium.

INTRODUCTION

Among all known risk factors for developing cancer, the most powerful is growing old.
Patients older than age 65 have an 11-fold increased cancer incidence and a 16-fold increase
in cancer mortality than younger patients. The median age at a cancer diagnosis is 67 and the
median age of cancer-related death is 73 years old.? The population at risk is growing
rapidly and by 2030, 20% of the US population will be over 65. 2

Cancer treatment in older adults can be challenging and complex. Aging is associated with
an increasing prevalence of frailty, multiplicity of diseases, disabilities, decline of functional
reserve, and progressive restriction in personal and social resources which result in greater
vulnerability to clinically important outcomes such as functional decline, institutionalization,
and falls.3 Older patients with cancer are less likely to be offered standard cancer treatments
that have been shown to improve survival, in part because of concerns regarding their ability
to tolerate treatment.#~8 One complication of treatment is delirium, a disturbance of
consciousness with fluctuating symptoms, which is common among older hospitalized
patients, and is associated with a significantly increased risk of other morbidities, longer
hospitalizations and higher mortality rates.”~® Delirium also predicts prolonged
institutionalization and cognitive decline after discharge. 810

Chronological age alone does not accurately reflect remaining life-expectancy or treatment
tolerance.1112.13 Geriatric surgical patients have unique vulnerabilities that require
assessment beyond the traditional preoperative evaluation 14 and the importance of geriatric
assessment in predicting surgical outcomes on elderly patients has been previously

reported. 15-19 Robinson and colleagues showed that markers for frailty, disability and
comorbidities predicted post-discharge institutionalization and 6-month postoperative
mortality.14 Recently, the American College of Surgeons in collaboration with the American
Geriatric Society created best practice guidelines around optimal perioperative care of the
surgical patient to identify high risk patients and prevent perioperative adverse outcomes. 20
However these may require significant resources and time to complete.20

A validated and brief preoperative evaluation tool that recognizes the unique physiologic
vulnerabilities of the geriatric population and accurately predicts outcomes is greatly
needed. The Memorial Sloan Kettering Cancer Center (MSKCC) Geriatric Service has
incorporated selected elements of the comprehensive geriatric assessment into our daily
clinical practice. This study will describe a short practical approach to preoperative geriatric
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assessment (GA) and determine the association between geriatric assessment variables and
the risk of developing postoperative delirium and other outcomes in older cancer patients.

METHODS

The Geriatrics Service at MSKCC provides preoperative assessment of surgical patients > 75
years old. Within the context of the preoperative assessment and as a standard of care,
preoperative GA is performed by fellowship-trained geriatricians (MD) or geriatric Nurse
Practitioners (NP) and Registered Nurses (RN) trained to perform geriatric assessment
which is documented in a dedicated form in the electronic medical record. In addition to the
usual components of a history, physical examination, medication review (including over-the-
counter medications and supplements) and laboratory data, PGA uniquely captures: 1.
Functional Status: assessed by activities of daily living (ADLs) or Katz’s Index?! which
represents the ability of the patient to take care of him/herself, and instrumental activities of
daily living (I-ADLs)22 which assess the ability of the patient to live independently in the
community and history of falls in the last six months; 2. Cognitive status: assessed using the
Mini-Cog Test (combined 3 item recall with a clock drawing test (CDT)) 23; 3. Nutritional
Status: assessed by weight loss >10Ibs in the last six months, alboumin and BMI; 4.
Comorbidities quantified by the Charlson Comorbidity Index (CCI). The American Society
of Anesthesiologists (ASA) physical status score24 was obtained from the anesthesiology
medical records. ADLs and IADLs are completed by the patient or caregiver. Mini-Cog is
performed by the clinician.

Patients are medically optimized and risk-stratified for surgery. The subset of patients who
are admitted to the hospital after the surgical procedure are evaluated daily by the MD
and/or NP of the Geriatrics Service until discharge. As part of the daily postoperative follow
up, every patient is evaluated for delirium using the Confusion Assessment Method
(CAM).25 The CAM is a well-validated instrument for the diagnosis of delirium. It is
completed by observing the patient for the presence of the following: 1) an acute change in
mental status or fluctuating course of abnormal behavior; 2) inattention; 3) disorganized
thinking; 4) altered level of consciousness. The CAM is considered positive for the delirium
if the first 2 items and either the third or fourth item are present. Fluctuations in mental
status between evaluations are monitored either by direct communication with the patients’
unit nurse or from nursing notes in the medical record.

Patients who underwent preoperative GA between 9/1/2010 and 12/31/2011 and were then
admitted to MSKCC hospital after surgery were included in this analysis. Exemption from
IRB/PB Review was obtained. Non-English speakers who were unable to perform the Mini
Cog Test and patients who were admitted to the ICU were excluded from this analysis.
Computerized databases maintained by the Geriatric and various surgical services as well as
institutional databases were queried. A data set with preoperative variables was developed.
Outcomes collected included: development of postoperative delirium, length of hospital stay
(LOS), post-discharge disposition, visit to MSKCC Urgent Care Center (UCC) within 30
days, hospital readmission to MSKCC within 30 days and mortality rates (30 day and 6-
month). A retrospective review of this surgical population was performed.
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Statistical Analysis

The associations between potentially predictive clinical data (PGA measures, operative time,
LOS, post-discharge disposition, visit to UCC within 30 days from time of first discharge,
30-day hospital readmission, and 6-month mortality) and post-operative delirium were
evaluated by utilizing Fisher-Exact tests for categorical variables and Wilcoxon-Rank Sum
tests for continuous variables. The relationship between 30 day readmission and 30 day
UCC and the post-operative delirium after controlling for the discharge place is tested by
using Cochran-Mantel-Haenszel test.

Univariate logistic regressions were performed to determine the predictive ability of the
PGA for risk of developing post-operation delirium. Based on the univariate logistic analysis
results, we used the p-value<0.1 as the criterion to choose the candidate variable for
multivariate model building. The stepwise selection method was used in the multivariate
logistic model selection based on the six variables whose significance exceeded our a priori
cut-off of p<0.1 (“CCI”, “Falls in the last 6 months prior to surgery ”, ”IADL”, “CDT”,
“Mini-Cog” and “ASA”). The Receiver Operating Characteristic (ROC) curve and the area
under the curve (AUC) for the final multivariate model are provided as a measure of the
model’s predictive accuracy. The ROC (receiver operating characteristic) curve is a
commonly used summary plot for assessing the tradeoff between sensitivity and specificity.
The AUC (area under the curve) is a quantitative summary which can range from 1.0 perfect
discrimination) to 0.5 (discrimination no better than tossing a coin).

RESULTS

Between 9/1/2010 and 12/31/2011 416 cancer patients with a median age 80 (75-98) who
underwent surgery for the treatment of solid tumors were followed postoperatively by the
Geriatrics Service. Pre-treatment clinical and functional characteristics obtained during
preoperative geriatric consultation are presented in Table 1. 45.9% were male and 93% were
white. The majority of the patients had hepato-pancreatobiliary (20%), colorectal (18%),
head/neck (13.6%) or urological (12.5%) cancer. The other 35% of the patients included a
variety of cancers such as thoracic, gynecological, breast and mixed tumors. Most of these
patients had good social support at home with family members involved in their care (92%).

Postoperative delirium (diagnosed by a positive CAM)2® occurred in 79 patients (19%).
Table 2 shows the association between preoperative characteristics and postoperative
outcomes and the development of postoperative delirium. Patients who developed delirium
did not show a significant increase in their Urgent Care Clinic (UCC) visits within 30 days
or 30 days readmission rate. Even after controlling for the discharging disposition, the
readmission rate and the UCC visits rate within 30 days are not significantly associated with
post-operative delirium (Cochran Mantel Haenszel p=0.864 for readmission and p=0.509 for
UCC). 30 day mortality was too low for any statistical analysis; only four patients died
within 3 days of surgery and 2 of them developed delirium. Even though 6-month mortality
was higher in the group of patients that developed postoperative delirium (7.1% vs. 13.9%),
the difference was not statistically significant (p=0.069).
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As expected, patients experiencing delirium had significantly longer length of hospital stay
(median 8 vs. 6 days) (p<0.001) and had greater risk of discharge to a rehabilitation facility
(26.9 vs. 8.2%) (p<0.001). By univariate logistic regression, CClI score (p = 0.013), falls (p=
0.012), dependence in I-ADLs (p = 0.001), abnormal Mini-Cog test (p=0.046) and ASA
score = 4 (p<0.047) were significant predictors of risk of developing post-operative delirium
(Table 3). Based on these, using the stepwise selection with p=0.1 as criteria, a final
multivariate model was developed which includes CCI score (p=0.032), dependence I-ADL
(p=0.011) and falls (p=0.056) as significant predictors (Table 4). The Receiver Operating
Characteristic (ROC) curve, is represented in figurel with the AUC = 0.638.

Discussion

Patient specific treatment decision-making is a hallmark of surgical oncology, and arguably
of heightened importance when treating elderly cancer patients. As many prior studies and
existing guidelines make clear, consideration of function, cognition, geriatric-specific
syndromes and life expectancy should thus be integrated in routine perioperative risk
assessment.18 Our data are illustrative of the complexity in managing this patient population
whose members commonly have multiple medical comorbidities and polypharmacy before
surgery. Outcomes of our study show that preoperative GA is feasible and may promote
better understanding of older patients’ perioperative risks including delirium.

The reported incidence of delirium ranges from 9% to 56% in general surgical patients with
risk factors including age, cognitive impairment, illness severity, depression, medications
use, and perioperative complications. 26 The incidence of delirium in our population was low
at 19%. Increased number of comorbidities, previous falls, functional dependency and
positive screening for cognitive decline were predictors of postoperative delirium. Prior
studies have shown in patients = 65 years undergoing radical cystectomy, the incidence of
postoperative delirium was 29% and significantly associated with older age and a lower
Mini Mental Status Examination score before surgery.2” After cardiac surgery, delirium is
associated with significant declined in cognitive ability during the first year8 as well as
greater risk of functional decline at one month.28 Previous studies have also demonstrated
that preoperative functional limitations, cognitive impairment and increased number of
comorbidities were associated with post-operative delirium. 1427.29 |t js of utmost
importance to be able to predict delirium in order prevent postoperative delirium using well
known non-pharmacological®? as well as less studied pharmacological methods.3! The low
incidence of postoperative delirium in this cohort of older patients in our institution maybe
related, in part, to the fact that the geriatric team provided pre and postoperative
recommendations that could have triggered interventions that prevented the development of
delirium in some of the patients.

Surgeons are poorly trained to independently manage time-consuming comprehensive
geriatric assessments, and even a motivated primary care provider may not be equipped to
provide such evaluations. We were able to integrate the different aspects of the
comprehensive geriatric assessment into the preoperative evaluation. The preoperative GA
was performed by the clinician (MD, RN or NP) and by the patient. The elements of the
abbreviated GA that were found to be significant predictors of risk of developing
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postoperative delirium were either part of the elicited general history (falls, comorbidities),
provided by the patient or companions (IADLS) or performed by a Geriatric NP or a trained
RN (Mini-Cog) for all patients undergoing presurgical testing.

Lower IADLs, higher CCI and history of falls appear more sensitive than an abnormal Mini-
Cog in the prediction of postoperative delirium. This may be due to the characteristics of this
patient population which, in general, was a highly educated cohort. The slow development of
dependency for the IADLs and family compensation for the deficits could go completely
unnoticed unless specifically elicited during clinical encounters. Dependency for ADLs was
mostly related to urinary incontinence (not rare in urologic cancer patients) and unsteady
gait with the use of assistive devices for ambulation. Most cancer patients who are
debilitated and functional dependent to the point of needing help for self-care would
probably not be surgical candidates. Interestingly, dependency in IADLs and not in ADLs
has also been shown to be predictive of chemotherapy toxicity in the older cancer patient.32

This study has limitations. First this is a homogeneous cohort of patients, predominantly
white, largely with a good social support system, treated at a large academic cancer center.
These patients were selected to be referred to a cancer center for treatment, possibly
representing a healthier and fitter group than the general population of the same age. This
may be the reason behind a relatively low incidence of postoperative delirium when
compared to prior reports. Second, because of the fluctuating nature of this syndrome and by
performing the CAM only once a day, we may have missed episodes of delirium (mostly in
patients with hypoactive delirium) and we were unable to accurately document how long the
episodes of delirium lasted. We would argue that, in older adults, the CAM should be part of
the unit RN’s evaluation as one more vital sign, performed at multiple times points during
the day. Third, we reported readmission rate and UCC visits to MSKCC; we did not survey
patients to see if they were admitted locally or consulted the local Emergency Department.

In conclusion, the present analysis has demonstrated that it is possible and practical to
evaluate older surgical patients preoperatively with an abbreviated geriatric assessment and
this could be a crucial screening tool for risk of developing post-operative delirium. Post-
operative delirium increases length of stay and cost to the health care system; moreover, it is
a risk factor for institutionalization which, in turn, may not be an acceptable change in
quality of life for the patient as well as an enormous source of anxiety and apprehension for
the families. Older patients and their families should be educated of the possibility of
developing postoperative delirium after cancer surgery so that they can be psychologically as
well as practically prepared for the possibility. A prospective study is planned in order to
validate this abbreviated geriatric assessment as an useful, practical predictor of
postoperative delirium.
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Variable OR(95%CI) P
CCI>=3 1.821(1.054-3.145) 0.032
IADL=D 2.074(1.181-3.645) 0.011
Fall=Yes 1.760(0.985-3.146) 0.056
ROC Curve for Model
Area Under the Curve = 0.6379
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Fig 1.

Multivariate model for predicting postoperative delirium and ROC curve for final

multivariate model
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Baseline Characteristics

Table 1

MEDIAN(RANGE)

# OF PATIENTS (%)

BMI 4 26 (11.6-53.4)

ALBUMIN < 3.34 13
WEIGHT LOSS? (> 10lbs in last 6 months) 178 (47)
NUMBER OF MEDICATIONS 6(0-22)

Charlson Comorbidity Index 3(0-12)

FALLS in the last 6 months® 83 (20)
Dependent on ADLs 9 (Score < 6) 99 (24)
Dependent on IADLsd(Score <8) 90 (22)
Abnormal Mini Cog Test€ (Score 0-3) 123 (31)
ASA €

score =2 54 (13)
score=3 329 (80)
score=4 26 (6)
Type of Cancer

Hepatobiliary 83 (20)
Colorectal 75 (18)
Head and Neck 57 (14)
Urological 52 (13)
Other 149 (35)
LABORATORY DATA

Creatinine (mg/dl) 1(0.4-3.1)

Na (mEg/L) 141 (124 - 147)

Hb (g/dI) 12,5 (6.7 - 18.1)

Estimated Creatinine Clearance(ECC) (ml/min/1.73m2)

>60 253 (61)
30-60 154 (37)
<30 9(2)

aData on the variable were missing for 2 patients.
bData on the variable were missing for 37 patients.
DData on the variable were missing for 7 patients.
dData on the variable were missing for 5 patients.

e . - .
Data on the variable were missing for 16 patients.
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Table 3

Association Between Clinical Data and Postoperative Delirium

Variables | Postoperative Delirium | P

| No | Yes |
ALL N’ | 337 | 79 |
AGE Median (Range) | 80 (75-98) | 80 (75-95) | 0.26
GENDER n" (%)
Female 183 (54) 42 (53) 0.9
Male 154 (46) 37(47)
BMI Median (Range) 26 (11.6 -53.4) | 25.4(18.1-41.2) | 0.345
ALBUMIN n°(%)
>33 322(97) 76 (96) 0.721
<33 10 3) 3(4)
Weight Loss n° (%)
No 162 (53) 39 (53) 1
Yes 144 (47) 34 (47)
CCI N (%)
<3 150 (45) 23 (29) 0.016
>3 187 (55) 56(71)
Number of Medications
Median (Range) 6 (0-22) 7(1-17) 0.266
Social Support n® (%)
No 30 (9) 3(4) 0.167
Yes 307 (91) 76 (96)
Falls in the last 6 months n°(%)
No 272 (82) 54 (69) 0.018
Yes 59 (18) 24 (31)
Dependent on ADLs n’(%)
No 257 (77) 55 (70) 0.146
Yes 75 (23) 24 (30)
Dependent on IADLS n°(%)
No 270 (81) 51 (65) 0.002
Yes 62 (19) 28 (35)
Mini-Cog Test n’(%)
Normal 231 (72) 46 (60) 0.054
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Variables | Postoperative Delirium | P

| No | Yes |
Abnormal | 92(28) | 31 (40) |
ASA n’(%)
Score =2 49 (15) 5(6) 0.078
Score =3 262 (79) 67 (84)
Score =4 19 (6) 7(9)
Creatinine Median (Range) | 1(0.5-3.1) | 1(04-1.9) | 0.96
Sodium Median (Range) | 141 (124-147) | 140(130-147) | 0.185
Hemoglobin Median (Range) | 12.5(6.7-18.1) | 12.7 (7.8-16.4) | 0.823
ECC n’(%)
>60 208 (62) 45 (57) 0.606
30-60 121 (36) 33(42)
<30 8(2) 1(1)
Operative Time Median(Range) | 167 (8-815) | 191 (27-1005) | 0.155
Length of Stay Median (Range) | 6 (1-55) | 8 (1-76) | <0.001
Readmission in 30 days n’(%)
No 299(89) 70 (89) 1
Yes 38 (11) 9(11)
UCC Visits within 30days n’(%)
No 281(83) 68 (86) 0.614
Yes 56 (17) 11 (14)
Death within 6 months n’(%)
No 313 (93) 68 (86) 0.069
Yes 24.(7) 11 (14)
Discharge Disposition n°(%)
Home 136 (41) 10 (13) <0.001
Home with Services 166 (51) 47(60)
Skilled Nursing Facility 27 (8) 21(27)

*
landmark analysis 10 days post surgery
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Table 4

Univariate logistic regression for geriatric markers on postoperative delirium

Variable

OR (95% CI)*

Age (increase by 1)
Sex: male vs. female
BMI (increase by 1)
Weight loss: yes vs. no
CCl:23vs. <3
Estimated creatinine clearance
30-60 vs. >60
<30 vs. >60
No. of medications (increase by 1)
Social support: yes vs. no
Falls: yes vs. no
ADL: dependent vs. independent
IADL: dependent vs. independent
Creatinine (increase by 1)
Albumin: < 3.3 vs. >3.3
Na (increase by 1)
Hemoglobin (increase by 1)
Mini-Cog Test: abnormal vs. normal
CDT: abnormal vs. normal
ASA
3vs. 2
4vs. 2

1.03 (0.98-1.09)
1.04 (0.64-1.71)
0.97 (0.93-1.02)
0.98 (0.58-1.63)
1.95 (1.14-3.32)

1.26 (0.76-2.08)
058 (0.07-4.74)
1.02 (0.97-1.09)
2.47 (0.73-8.32)
2.04 (1.17-3.57)
1.49 (0.86-2.57)
2.39 (1.39-4.09)
0.83 (0.4-1.74)
1.27 (0.34-4.73)
0.97 (0.90-1.04)
1.01 (0.87-1.16)
1.69 (1.01-2.83)
1.69 (0.97-2.93)

2.50 (0.96-6.53)
3.61 (1.02-12.77)

0.202
0.855
0.394
0.941
0.013

0.366
0.609
0.328
0.143
0.012
0.147
0.001
0.63
0.721
0.432
0.867
0.046
0.063

0.06
0.047
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*
The odds ratio (OR) is for developing postoperative delirium. CI, confidence interval.
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