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Abstract

Introduction: End-of-life surgical care is a major concern with a significant number of operations performed within the last year
of life; surgery for hip fractures is a prime example. Unfortunately, no simple objective tool exists to assess life expectancy in the
postoperative period. The goal of our study was to analyze 2 simple geriatric life expectancy calculators to compare with the
current Veterans Affairs Surgical Quality Improvement Program (VASQIP) postoperative 30-day mortality calculator.
Methods: This retrospective study assessed the utility of 3 validated calculators in 47 hip fracture repairs from July 2009 to
May 201 I. The tools included: 30-day VASQIP mortality calculator, 6-month Minimum Data Set Mortality Risk Index-Revised
(MMRI-R), and Four-Year Mortality Index. The VASQIP calculator requires chart review, Current Procedural Terminology (CPT)
codes, and laboratory analysis, whereas the mortality risk indices require simple patient questioning if prospective or simple chart
review if retrospective. Scoring was performed and mortality risk was compared between survivors and nonsurvivors. Results: A
total of 47 hip fractures were repaired during the study period with 37 survivors and 10 nonsurvivors. In all, 7 died within 30 days,
2 died within 6 months, and | died greater than 6 months after surgery. The mean age (standard deviation [SD]) of all patients
undergoing hip fracture repair was 73.6 (13.3) years. The VASQIP calculator mean (SD) 30-day mortality risk was 10.4% (5.4) for
nonsurvivors compared to survivors 4.3% (5.5), P <.003; the MMRI-R mean (SD) mortality risk was 35.8% (15.4) for nonsurvivors
compared to survivors 14.7% (9.5), P < .001; the Four-Year Mortality Index mean (SD) mortality risk was 60.9% (16.9) for non-
survivors compared to survivors 48.9% (24.4), P < .09. Conclusion: Overall, the VASQIP 30-day and MMRI-R 6-month mortality
calculators showed significant differences in mortality risk between survivors versus nonsurvivors in a population with hip frac-
ture. In contrast, the Four-Year Mortality calculator may not sufficiently discriminate operative risk. The easily obtained MMRI-R
has the potential to provide information on short-term postoperative mortality risk.
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Introduction

Surgical intervention at the end of life is a significant consider-

ation and is associated with many operations performed within
the last year of life. One example of end-of-life surgery is repair
of acute hip fractures in the elderly population. Despite the
ability to repair hip fractures expeditiously and discharge
patients, repaired hip fracture mortality remains high over the
course of the next year. Data would suggest that it is not the
repair of the hip fracture that is the key to mortality, as several
studies suggest nonoperative treatment of hip fractures with
early mobilization in selected patients results in similar mortal-
ity and outcome when compared to an operative approach.’

! University of Nebraska Medical Center, Department of Surgery, Omaha, NE,
USA

2NWI VA Medical Center, Department of Surgery, Omaha, NE, USA

3 University of Nebraska Medical Center, Department of Biostatistics, Omaha,
NE, USA

*The Nebraska Medical Center, Department of Orthopaedic Surgery and
Rehabilitation

Corresponding Author:

Jennifer G. Dwyer, University of Nebraska Medical Center, 983280 Nebraska
Medical Center, Omaha, NE 68198-3280, USA.

Email: jennifer.dwyer@unmc.edu


http://www.sagepub.com/journalsPermissions.nav
http://gos.sagepub.com

110

Geriatric Orthopaedic Surgery & Rehabilitation 5(3)

Specifically, Jain et al showed that bed rest in nonoperatively
treated patients is associated with significantly higher mortality
within 30 days of hip fracture than both operatively treated
patients and those managed with early mobilization. Therefore,
in patients who can tolerate operative management, surgical
stabilization within a reasonable time frame is preferred, and
nonoperative management should be reserved for those who
are poor surgical candidates.

There is a clear a need to identify the life expectancy of
patients undergoing emergent hip fracture repair whose life
expectancy is such that standard of care surgical treatment may
not be the ideal option. This point is reinforced by recent litera-
ture, which documents that more than 30% of patients have a
major surgical procedure within 1 year of their death and many
within the last weeks to months of their life. Kwok et al note in
the discussion that their results should lead to a “renewed effort
to identify the optimum care for dying patients, taking their
wishes into account, to ensure that interventions help extend life
and reduce suffering.”*® '*!3 Additionally, literature has shown
that early institution of palliative care in patients with metastatic
non-small cell lung cancer resulted in better quality of life and
longer survival times than those receiving standard oncologic
intervention alone. Along these lines, it has been shown that
patients with hip fracture who are treated nonoperatively with
specific attention to the period immediately surrounding the
fracture (ie, early mobilization) have similar outcomes to sur-
gically treated patients. The question remains: which patients
with hip fracture would do best with nonoperative therapy?>**

One parameter that may help guide decision making on how
best to manage these patients is frailty. A recent meta-analysis
found strong evidence for 12 predictors of postoperative mortal-
ity following a hip fracture repair, including “nursing home or
facility residence, poor preoperative walking capacity, poor
activities of daily living, poor mental state, and dementia or cog-
nitive impairment.”” Interestingly, many of these 12 strong pre-
dictors overlap with items included in frailty assessment scales,
such as low physical activity and slow walking speed.® Recently,
frailty has been shown to correlate significantly with morbidity
and mortality."*® These studies have primarily relied on com-
mon and accepted geriatric measures of frailty, requiring the
patient to perform functional maneuvers, which clearly would
not be practical in the hip fracture population. Therefore, we
sought to identify a frailty-based mortality calculator that would
allow for bedside assessment of at-risk patients without the need
for physical patient participation in an attempt to establish a rela-
tionship between the state of frailty and postoperative mortality
risk. We set out to accomplish this by retrospectively applying
mortality indices that reflect frailty to a patient population who
underwent hip fracture repair.

Methods
Study Design

We conducted a retrospective chart review study of surgical
patients who presented to the Omaha Veterans Affairs (VA)

Medical Center from July 2009 to May 2011, requiring emer-
gent hip fracture repair. The study was locally approved by
Institutional Review Board. These patients were identified by
retrieving information on all orthopedic surgeries with Current
Procedural Terminology (CPT) and Diagnosis Related Group
(DRG) codes including hip fracture during the specified time
frame. The CPT codes included open and closed hip reductions,
hip fixations, hemiarthroplasties, dynamic screws, and total hip
replacements with endoprosthesis.

All charts were accessed via electronic medical record, and
relevant information was obtained by reviewing objective chart
data (ie, laboratory results and X-ray findings) as well as prog-
ress notes from both the nursing staff and the physicians
involved in each case. Patient information was collected and
entered into an electronic database and data were used to com-
plete 3 separate mortality calculators (JD). Mortality was
assessed by the VA electronic medical records, which record
all veterans’ dates of death.

Mortality Calculators

The Veterans Affairs Surgical Quality Improvement Program
(VASQIP) calculator is an objective calculation that requires
chart review, CPT codes, and laboratory analysis. Utilized and
validated throughout the VA Hospital internal quality assurance
program, this calculator assesses a patient’s 30-day mortality
risk utilizing risk adjustment. There is a specialty model within
the VASQIP system that is tailored for orthopaedic procedures,
thus allowing for patient risk calculation. The values requested
include the procedure relative value unit, patient age, and gen-
der, American Society of Anesthesiology (ASA) classification,
dyspnea, functional status, wound classification, bilirubin, serum
glutamic-oxaloacetic transaminase, serum sodium, white blood
cell count, weight loss, serum albumin, and international normal-
ized ratio (INR) among other variables. This requires significant
chart review and associated knowledge of procedure, laboratory
value norms, and patient history; see Figure 1.

The 6-month Minimum Data Set Mortality Risk Index-
Revised (MMRI-R) calculator can be administered to patients
in clinic or at bedside. The tool requires calculations based
on patient responses. It was validated in nursing home patients
and is intended to predict 6-month mortality in this popula-
tion. It has not been generalized to a surgical population. The
12-item inventory includes admission to a nursing care home
within 3 months; unintentional weight loss in the past 3 months;
renal failure; chronic heart failure; poor appetite; male gender;
dehydration; shortness of breath; active cancer diagnosis; age;
deteriorated cognitive skills in the past 3 months; and activities
of daily living score. The MMRI-R mortality risk ranges from
4% to 100% based on a 5-point discriminatory scoring system®;
see Figure 2 (http://www.ncbi.nlm.nih.gov/pubmed/20637076)

The Four-Year Mortality Index is a 12-item questionnaire and
was validated in community-dwelling US adults older than 50
years. The index assigns point values to patients based on age
range (50-69, 70-79, and >80); sex; body mass index (BMI)
<25; diabetes or high blood sugar; cancer excluding minor skin
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VASQIP

VA Surgical Quality Improvement Program
Patient Risk Calculation

Selected Model - General

[] Emergency Case

[J] Esophageal Varices

[] Hematocrit > 51

CPT code - Description (RWVU)

] Hemiplegia
[ History of Angina

[ History of CHF
[J History of COPD

SelectRVU ¥ RVU Selection
Age (in years) (population mean = 60.6)

ASA Classification

Oclass1or2 Oclass3 Odassda Ocdlasss

Dyspnea

OnNone O with Moderate Exertion O At Rest

] Impaired Sensorium
[ Platelets <=150 x1000/mm~3

Functional Status
Olindependent O Partially dependent O Totally dependent

Wound Classification
Oclean O Clean/Contaminated O Contaminated

[J Alk Phosphatase > 125

O Infected

[] Preop Pneumonia
[] Preop Renal Failure

JC0 Rest Pain/Gangrene

[J SGOT >40 mu/mi

[ Ascites (Preop or Intraop) Yes vs No

[] Serum Sodium <=135 mEq/L
[] Steroid for Chronic Condition

[J Open Wound / Wound Infection
[] weight Loss >10% 6 mos Preop

Serum Albumin g/dl (population mean = 3.9)

O Creatinine >1.2
[J cvA/Stroke with no neuro

Preop International Normalized Ratio (population mean = 1.05)

[ Preop Disseminated Cancer

Calculate Risk

J DNR

Figure |. Veterans Affairs Surgical Quality Improvement Program (VASQIP) calculator.

The MDS Mortality Risk Index - Revised (MMRI-R)
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Figure 2. Minimum Data Set Mortality Risk Index-Revised (MMRI-R) calculator.
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1. Age

Box. Four-Year Mortality Index for Older Adults

60-64: 1 point

2. Sex (Male/Female)
3. a. Weight:

65-69: 2 points
70-74: 3 points
75-79: 4 points
80-84: 5 points
=85: 7 points
Male: 2 points
BMI <25: 1 point

b. Height:

BMI =

703 X (weight in pounds/ height in inches?)

or high blood sugar? (Y/N)

you need oxygen at home? (Y/N)

congestive heart failure? (Y/N)

or showering? (Y/N)

4. Has a doctor ever toldyou that you have diabetes

5. Has a doctor told you that you have cancer or a
malignant tumor, excluding minor skin cancers? (Y/N)

6. Do you have a chronic lung disease
that limits your usual activities or makes

7. Has a doctor told you that you have

8. Have you smoked cigarettes in the past week? (Y/N)

9. Because of a health or memory problem
do you have any difficulty with bathing

10. Because of a health or memory problem,
do you have any difficulty with managing
your money—such as paying your bills
and keeping track of expenses? (Y/N)

11. Because of a health problem do you have
any difficulty with walking several blocks? (Y/N)

12. Because of a health problem do you have
any difficulty with pulling or pushing
large objects like a living room chair? (Y/N)

Diabetes: 1 point
Cancer: 2 points

Lung Disease: 2 points

Heart Failure: 2 points

Smoke: 2 points

Bathing: 2 points

Finances: 2 points

Walking: 2 points

Push or Pull: 1 point

Total Points:

Figure 3. Four-Year Mortality Index.

cancer; activity-limiting chronic lung disease; congestive heart
failure; cigarette use in the past week; difficulty bathing or show-
ering; difficulty managing finances; difficulty walking several
blocks; and difficulty moving large objects; see Figure 3. Lee
et al found that “in the validation cohort, the mortality risk ran-
ged from 4% in those with 0 to 5 points, 15% in those with 6 to 9
points, 42% in those with 10 to 13 points, and 64% in those with
14 or more points.”°® 8% These point values were then graphed
against percentage mortality risk, and this graph was utilized to
assign a percentage to participants.

With all 3 calculators, if data points were not clearly
stated in the chart, their respective values were considered
absent when calculating patient mortality thus giving a

lower predicted mortality, for purposes of the study. Partic-
ularly, dehydration status, cognitive decline, and activities
of daily living scores were only accounted for if they were
expressly stated and confirmed in notes within the patient
chart.

Independent Variables

Information on age, race, gender, albumin, INR, hemoglobin,
creatinine, and smoking status were collected for each patient.
These were analyzed in addition to the data points for the
MMRI-R and Four-Year calculators listed previously.
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Table |. Demographic Characteristics of the Full Patient Cohort and Comparison of Demographics Between Survivors and Nonsurvivors.?

Characteristic Full Cohort (n = 47) Survivors (n = 37) Nonsurvivors (n = 10) P Value
Age, mean + SD 73.6 + 13.28 72.6 + 13.87 77.1 £+ 10.64 A7
Sex, % female 43 2.7 10.0 .38
Race, % nonwhite 2.1 0.0 10.0 2
Preoperative location, % 3

Home 66.0 73.0 40.0

Assisted living 43 2.7 10.0

Skilled nursing facility 10.6 8.1 20.0

Nursing home 14.9 13.5 20.0

Other 43 27 10.0
Albumin 37 38 3.1 .02
Cr I.1 1.1 1.2 .55
Hgb 1.6 11.8 10.9 A4l
INR .1 1.1 1.1 77
Tobacco (cigarette) use, % 21.3 243 10.0 3

Abbreviations: SD, standard deviation; Cr, creatinine; Hgb, hemoglobin; INR, international normalized ratio.

? Values of P < .05 indicate statistical significance.

Table 2. Calculated Mortality Risk for Survivors Versus Nonsurvivors
for the Risk Indices Analyzed Including 30-Day VASQIP Calculator, 6-
Month MMRI-R, and Four-Year Mortality Index.?

Study Survivor (n =37) Nonsurvivor (n = 10) P Value
VASQIP 4.3 (5.5) 10.4 (5.4) P <.003
MMRI-R 14.7 (9.5) 35.8 (15.4) P <.00l
Four-Year 48.9 (24.4) 60.9 (16.9) P<.09

Abbreviations: VASQIP, Veterans Affairs Surgical Quality Improvement
Program; MMRI-R, Minimum Data Set Mortality Risk Index-Revised.
? Values of P < .05 indicate statistical significance.

Statistical Analysis

Data were summarized with descriptive statistics. Chi-square
tests (Fisher exact tests for sparse distributions) were utilized
to assess differences in categorical variables between those liv-
ing and those who died. Two-sample ¢ tests (Mann-Whitney
tests if 7 test assumptions were not met) were used to assess dif-
ferences in numeric variables, including the MMRI-R and
Four-Year calculators.

Results

A total of 47 hip fractures were repaired during the study
period, with a total of 37 survivors and 10 nonsurvivors. Of the
nonsurvivors, 7 died within 30 days, 2 died within 6 months,
and 1 died more than 6 months after surgery. The mean (SD)
age of all patients undergoing hip fracture repair was 73.6
(13.3) years. Of those patients analyzed, 95.7% were male and
97.8% were white. Demographic characteristics are displayed
in Table 1. As shown, the general patient characteristics and
laboratory values with the exception of albumin were not sig-
nificant on univariate analysis when comparing the 37 survi-
vors to the 10 nonsurvivors.

Differences in mean calculated mortality risk between sur-
vivors and nonsurvivors were assessed for each of the

calculators. For the VASQIP calculator, the mean (SD) calcu-
lated 30-day mortality risk was 10.4% (5.4) for nonsurvivors
compared to survivors 4.3% (5.5), P < .003. The mean calcu-
lated MMRI-R mortality risk was 35.8% (15.4) for nonsurvi-
vors compared to survivors 14.7% (9.5), P < .001. The mean
calculated Four-Year Mortality Index mortality risk was
60.9% (16.9) for nonsurvivors compared to survivors, 48.9%
(24.4), P <.09; see Table 2.

Among the independent variables built into each mortality
calculator, several showed statistical significance when com-
paring survivors to nonsurvivors. We analyzed both the
MMRI-R and the Four-Year calculators using percentage pos-
itive response for the all-or-none questions. For the MMRI-R,
positive responses to admission to nursing home in the past
3 months (P = .01), unintentional weight loss in the last 3
months (P = .03), and cognitive decline and activities of daily
living (P = .01), all showed statistical significance. For the
Four-Year calculator, positive responses to BMI <25 (P = .01)
and difficulty managing finances (P = .04) showed statistical
significance. Our results demonstrate that nonsurvival is asso-
ciated with recent nursing home admission, unintentional
weight loss, and cognitive decline and less independence with
activities of daily living when compared to survival. This is
shown in Table 3.

Discussion

Overall, the VASQIP 30-day and MMRI-R 6-month mortality
calculators show significantly different mortality risk in survi-
vors versus nonsurvivors in a population with hip fracture.
Although the Four-Year Index accounts for lifestyle factors and
comorbidities that seem to correlate with mortality risk, it may
not sufficiently discriminate operative risk at the extremes of
age reflected in the lack of statistical significance. This is most
likely because the Four-Year Index relies heavily on patient
age for point allocation as opposed to other frailty characteris-
tics. Results of 4-year mortality risk may be reassessed in the
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Table 3. Comparison of Percentage Positive Response Between Survivors and Nonsurvivors for Independent Variables in the MMRI-R and

Four-Year Mortality Index.?

% Survivors (n = 37) % Nonsurvivors (n = 10) P Value
MMRI-R positive response

Admission to nursing home in the past 3 months 54 40.0 .0l
Lost weight unintentionally in the last 3 months 27 30.0 .03
Renal failure 2.7 0.0 |
Chronic heart failure 8.1 20.0 29
Poor appetite 13.5 40.0 .08
Male 97.3 90.0 .38
Dehydrated 0 0.0

Short of breath 18.9 10.0 .67
Cancer 10.8 40.0 .05
Cognitive decline and Activities of Daily Living 16.2 60.0 .01

Four-Year positive response

BMI <25 40.5 90.0 .0l
Diabetes 18.9 20.0 |
Cancer 8.1 30.0 N
Lung disease 243 20.0 |
Heart failure 8.1 20.0 29
Smoker 27.0 10.0 41
Trouble bathing 35.1 30.0 |
Trouble with finances 0.0 20.0 .04
Trouble walking 73.0 80.0 |
Trouble pushing or pulling 243 40.0 43

Abbreviations: BMI, body mass index; MMRI-R, Minimum Data Set Mortality Risk Index-Revised.

? Values of P < .05 indicate statistical significance.

future and reanalyzed. For the purpose of this study, the calcu-
lated mortality risks from each of the 3 calculators serve less as
absolute predictive values. Instead, they provide tools to iden-
tify patients at increased risk of postoperative mortality; that is,
the higher the calculated mortality risk, the higher the risk of
mortality in the postoperative period.

In contrast to the surgically validated VASQIP mortality
calculator that requires chart review and objective CPT code
and laboratory data, the easily obtained MMRI-R has the
potential to assess short-term mortality risk without requiring
extensive chart review. The benefits of this index are ease of
administration, inclusion of lifestyle factors and functional sta-
tus, and in our hip fracture population, a significant correlation
with postoperative outcome similar to the VASQIP calculator.

In the context of current literature, frailty has been shown to
be a significant predictor of postoperative outcome.® Given that
the rate of elderly patients undergoing surgical procedures is ris-
ing and that these patients have an increased rate of adverse out-
comes when compared to their younger counterparts, measuring
frailty and utilizing the results to help guide patient care should
be of interest to the and geriatric community. Despite the lack of
a clear definition of frailty, there is consensus that postoperative
complications are a more telling predictor of survival than pre-
operative or intraoperative risk factors.'® Makary et al showed
that simple functional frailty measures markedly improve the
accuracy of other tools like the Lee and Eagle score. Similarly,
accounting for frailty improves the widely used ASA score.®
Additionally, as opposed to these traditional preoperative assess-
ments of single organ dysfunction, frailty gives providers insight

into overall patient well-being and level of functioning. Mak-
ary’s frailty tool requiring patient mobility to assess walking
speed and a specialized instrument to measure grip strength is
more advanced than the approach used by Robinson et al
whereby laboratory data were combined with other functional
measures of frailty such as the timed-up-and-go to again accu-
rately predict postoperative complications. In contrast, the
MMRI-R is a relatively simple frailty screen that can be admi-
nistered quickly and that requires only verbal assent to questions
regarding comorbidities and functional status as opposed to
interactive assessments.

As the population ages, end-of-life surgery will become an
even more prominent topic of discussion. Over half of all sur-
geries performed in the United States are done on patients aged
65 years and older, and as persons live longer and surgical and
anesthetic techniques continue to improve, this percentage will
likely continue to rise. As Robinson describes in a study
evaluating colorectal surgery in older adults, frailty is not only
a marker for increased postoperative complications but also pre-
dicts increased financial strain on the health care system as
frailty is associated with higher 6-month postoperative health
care costs.'' Clearly, the decision to perform surgery at the
end of life, defined by Kwok et al as occurring within the last
year of life, is associated with increased hospital admissions,
length of stay, and longer intensive care duration, and this deci-
sion is one that many providers and families struggle with in an
attempt to optimize care, outcomes, quality of life, and cost bur-
den.>'"! Frailty assessment may be the “tool” to address the con-
cerns regarding end-of-life surgical care. In several populations,
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including patients with cardiac and colorectal diseases, studies
have identified that frailty correlates with postoperative mortal-
ity risk.>'®!" Our study, in addition to the study by Holvik et al,
demonstrates that calculated mortality risk correlates with
increased incidence of postoperative mortality in the hip fracture
repair population.'? Although the tools utilized in this study have
been validated in nonsurgical populations, they appear to offer a
questionnaire-based measure of functional status that correlates
with frailty. Ultimately, identifying determinants of short-term
outcome such as 1-year mortality rather than 30-day mortality
is important to give providers and patients accurate data for
shared decisions.

The strength of the current approach using a simple frailty
tool is based on the ease of administration. Previous methods
of measuring frailty relied on time-consuming functional test-
ing and analysis, but the MMRI-R applied to a surgical popu-
lation can be performed at bedside in less than 5 minutes and
can also be corroborated with information from caregivers if
the patient is unable to provide information. As an indicator
of the power of single questions, a history of falls in the
6 months prior to surgery was an independent predictor of poor
postoperative outcome when compared to patients who did not
fall.'> Although this is not included in the MMRI-R index, it
appears to reflect the power of simple questions to predict out-
come, which is clearly accounted for in the MMRI-R. As frailty
has no consistent definition, we believe the MMRI-R may
serve as a screening tool for frailty that can be easily implemen-
ted. With that said, we do not advocate the MMRI-R score as a
deciding factor in including or excluding surgical candidates.
Rather, it offers potential as a standardized tool to be used to
preoperatively identify frail patients who are at increased risk
for adverse postoperative outcomes.

We recognize several limitations in our study. Being a ret-
rospective review, there are obvious inherent assumptions
explained in the methodology that limit the strength of the
study. Additionally, our sample size was small, limited to
47 patients. All patients presented with acute hip fracture so
the external validity or generalizability to other populations
remains to be seen. The majority of our patients were white
males in the Veterans health care system. Therefore, the poten-
tial for gender, racial, and system bias clearly is present and
our results are likely not representative of a more diverse pop-
ulation. Clearly, this study is primarily exploratory in nature
and requires further investigation to validate the utility of ques-
tionnaire screening tools prospectively in a surgical population.

Conclusion

In summary, we believe that the MMRI-R has potential to iden-
tify those patients at increased risk for postoperative mortality.
The questionnaire has the ability to be performed rapidly and
may give additional information regarding postsurgical outcome
to providers and patients. Based on this exploratory study and the
current literature, initiation of studies to assess the ability of

frailty and mortality indices in hip fracture and other populations
to assist in preoperative decision making should be undertaken.
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