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Abstract

Background: In-hospital cardiac arrest (IHCA) is common and associated with high mortality. Frailty is increasingly recognized as a predictor of worse

prognosis among critically ill patients, but its association with outcomes and resource utilization following IHCA is unknown.

Methods: We performed a retrospective analysis (2013�2016) of a prospectively collected registry from two hospitals of consecutive hospitalized adult

patients with IHCA occurring on the hospital wards. We defined frailty using the Clinical Frailty Scale (CFS) score �5. CFS scores were based on

validated medical review criteria. The primary outcome is hospital mortality. Secondary outcomes include return of spontaneous circulation (ROSC),

discharge to long-term care, and hospital costs. We used multivariable logistic regression to adjust for known confounders.

Results: We included 477 patients, and 124 (26.0%) had frailty. Frailty was associated with increased odds of hospital death (adjusted odds ratio [aOR]:

2.91 [95% confidence interval [CI]: 2.37�3.48) and discharge to long-term care (aOR 1.94 [95% CI: 1.57�2.32]). Compared with patients without frailty,

patients with frailty had decreased odds of ROSC following IHCA (aOR 0.63 [95% CI: 0.41�0.93]). No difference in mean total costs was demonstrated

between patients with and without frailty ($50,799 vs. $45,849). Frail patients did have higher cost-per-survivor ($947,546 vs. $161,550).
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Conclusions: Frail individuals who experience an IHCA are more likely to die in hospital or be discharged to long-term care, and less likely to achieve

ROSC in comparison with individuals who are not frail. The hospital costs per-survivor of IHCA are increased when frailty is present.
25 Keywords: Frailty, In-hospital cardiac arrest, Intensive care unit, Hospital costs

26 Introduction

27 In-hospital cardiacQ9 arrest (IHCA), defined as the loss of circulation
28 prompting cardiopulmonary resuscitation1,2 occurs in approximately 1
29 �6 individuals per 1000 hospital admissions.3 Survival to discharge
30 among patients experiencing IHCA varies between 12�25%, with
31 some improvement in recent years.4,5 Long-term survival rates are
32 similarly low, with only modest increases over the past decade.6

33 Prediction of prognosis following IHCA remains a major area of ongoing
34 research.1,7 Traditionally, emphasis has been placed on better
35 understanding out-of-hospital cardiac arrest (OHCA), with an attempt
36 to generalize findings to IHCA. However, it is becoming increasingly
37 clear that IHCA represents a distinct event in a distinct population, with
38 unique arrest etiology and epidemiology.1,8 Understanding prognostic
39 factors not only enables clinicians to guide care following IHCA, but also
40 enables shared decision-making and planning with patients and
41 families regarding the inclusion of cardiopulmonaryresuscitation(CPR)
42 in their goals-of-care during hospital admission.7

43 Frailty is a clinical state characterized by reduced physiologic
44 reserve and vulnerability to adverse health outcomes from physiologic
45 stressors resulting from the accumulation of age- and disease-related
46 deficits.9,10While frailty is often thought to be a geriatric syndrome, this
47 condition is prevalent among young populations, particularly those
48 with significant comorbidities, such as chronic obstructive pulmonary
49 disease, and liver dysfunction.11,12 In the intensive care unit (ICU),
50 frailty may be identified using the Clinical Frailty Scale (CFS),13 a scale
51 assessing frailty from 1 (least frail) to 9 (most frail), which can be
52 applied easily and reliably. Growing evidence demonstrates an
53 association between the CFS score and outcomes following critical
54 illness.14�20 While the relationship between increasing age and
55 reduced survival from IHCA has been demonstrated,21 it is unclear if
56 this is due to the higher prevalence of frailty, or due to another factor
57 associated with aging. Therefore, our objective was to estimate the
58 association between frailty and in-hospital mortality (primary out-
59 come), as well as discharge disposition, and ROSC following IHCA.
60 We also investigated the relationship between frailty, resource
61 utilization and health care costs.22,23

62 Methods

63 We received approval for this study from The Ottawa Health Science
64 Network Research Ethics Board (Protocol 20160570-01 H).

65 Study design, setting and subjects

66 We included patients from two hospitals within The Ottawa Hospital
67 network (Ottawa, ON). Combined, these hospitals have approximately
68 1200 hospital beds and 64 ICU beds, with 60,000 total hospital
69 admissions and 2500 total ICU admissions per year. We retrospectively
70 examined prospectively collected data from The Ottawa Hospital Data
71 Warehouse, a health administrative database used in previous
72 studies.24�26 Data is gathered daily from each admitted patient and

73stored in The Ottawa Hospital Data Warehouse. Data quality assess-
74ments are executed routinely, and quality-assurance initiatives are
75conducted regularly to ensure completeness and accuracy.
76We included all patients �18 years of age, admitted to the hospital
77wards between 2013�2016, who experienced IHCA, defined as all of
78the following: (A) absence of palpable pulse; (B) absence of
79spontaneous breathing; and (C) Glasgow coma scale of 3; and
80initiation of chest compressions. Similar to other IHCA database
81studies,27 IHCA occurring in the ICU or operating room were not
82included. We further excluded patients with a “Do-Not-Resuscitate”
83order, and those with missing data related to baseline function prior to
84admission. ROSC was defined as both presence of palpable pulse
85and measurable blood pressure following IHCA, and had to be
86sustained � 20 min, as described previously.2 In cases with more than
87one cardiac arrest during the admission, ROSC was defined on the
88basis of the first cardiac arrest. “Monitored” arrest was defined by
89presence of continuous telemetry monitoring, which exists both within
90the ICU and in other units outside of the ICU. “Witnessed” arrest was
91defined as an arrest witnessed by healthcare providers. Patients with
92cardiac arrest occurring out-of-hospital were excluded.

93Data collection

94We obtained all data from The Ottawa Hospital Data Warehouse. We
95abstracted basic demographic data, comorbidities, Elixhauser
96Comorbidity Score,28 and multiple organ dysfunction score
97(MODS).29 As part of the database, outcome data were collected
98from admission until either the point of discharge from hospital, or
99hospital death.
100Patient costs during hospital admission were determined using the
101case-costing system of The Ottawa Hospital Data Warehouse, as
102performed previously.18,30 Total hospital costs include both direct and
103indirect sources. Direct costs are all expenses to the hospital with fee
104codes linked to a patient identifier. Indirect costs refer to any overhead
105operational fees associated with provided services. The Ottawa
106Hospital uses as a standardized case-costing methodology, devel-
107oped by the Ontario Case Costing Initiative, and based upon the
108Canadian Institute for Health Information Management guidelines.31

109Costs were indexed to 2018 Canadian Dollars using consumer price
110indices.18,30 The cost-per-survivor is determined by dividing the total
111hospital costs of a group by the number of survivors to discharge, as
112demonstrated previously.25 The nine equivalents of nursing man-
113power score (NEMS), an indicator of nursing requirements, was also
114calculated daily for ICU patients.32

115The primary outcome was hospital mortality, as indicated in the
116Data Warehouse. Secondary outcomes included discharge directly
117from hospital to long-term care (among survivors to hospital discharge
118originally from home), ICU length of stay (LOS), hospital LOS,
119resource utilization, and total costs.

120Identifying frailty

121We used the CFS to identify the presence of frailty. This is a 9-point
122global frailty scale that evaluates baseline mobility, energy, physical
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123 activity, and function (prior to hospital admission).13 We applied the
124 CFS for each study patient as described previously.18,19 Briefly, we
125 evaluated patient pre-admission mobility and function assessments
126 (prior to the acute illness), as completed by clinical staff, nursing staff
127 or occupational therapy within 24 h of hospital admission. We used
128 these staff assessments to retrospectively score each patient on the
129 CFS, using a standardized abstraction tool (Supplemental Fig. S1).
130 This method has been used previously in critically ill patients, and
131 been shown to have comparable reliability to prospective assess-
132 ment.18,33 Data were abstracted from charts according to accepted
133 standards.34 To evaluate reproducibility in abstraction, two indepen-
134 dent investigators (SMF, CD), blinded to each other’s scores,
135 individually evaluated a random sample of 20% of patient records.
136 As inter-rater reliability was excellent (k = 0.94), a single investigator
137 (SMF) completed the remaining records. Consistent with previous
138 research, a CFS � 5 was used to identify the presence of frailty.15,16

139 Statistical analysis

140 All statistical analyses were performed with R (Version 3.3.3) and
141 IBM SPSS (Version 24.0). We present data as mean values, with
142 standard deviation (SD), or medians, with interquartile range (IQR),
143 where appropriate. We performed the Student’s t-test (parametric
144 values), Mann�Whitney test (non-parametric values), and x2 (for
145 categorical values) to determine between-group baseline differ-
146 ences. As recommended for observational studies in the critically
147 ill,35 we determined confounders a priori, on the basis of their

148likelihood of influencing both the presence of frailty and associated
149outcomes, informed by clinical knowledge and existing studies
150evaluating the association between frailty and outcomes in critically
151ill patients.14,18,20 In accordance with the existing recommenda-
152tions,35 we used multivariable logistic regression modeling to adjust
153for important continuous (age, illness severity [MODS], and
154Elixhauser comorbidity index) and categorical (sex, comorbidities,
155arrest in monitored setting, witnessed arrest, shockable rhythm,
156post-IHCA therapeutic hypothermia, and post-IHCA coronary
157angiography) variables. In our primary analysis, frailty was coded
158using a categorical variable, based on presence or absence (i.e.
159CFS � 5). We also performed a secondary analysis, coding frailty as
160a continuous variable. We present adjusted odds ratios (aOR) with
16195% confidence intervals. A P value of �0.05 was considered
162statistically significant.

163Results

164We identified 489 patients who experienced IHCA from the Data
165Warehouse (Supplemental Fig. S2). Of these, 8 patients were
166excluded (1.6%) as no resuscitation was attempted (following
167clarification of goals-of-care), and 4 patients were excluded (0.8%)
168because there was insufficient data for CFS scoring. In total, we
169included 477 patients in the analyses. Of these patients, 124 (26.0%)
170had frailty (CFS � 5). Baseline characteristics of patients with and
171without frailty are shown in Table 1. Patients with frailty were older

Table 1 – Characteristics of non-fra Q1il and frail patients experiencing in-hospital cardiac arrest (n = 477).

Characteristic No frailty (n = 353) Frailty (n = 124) P value

Age, years, mean (SD) 56.1 (18.1) 65.7 (12.1) <0.001
Male, n (%) 196 (55.5) 67 (54.0) 0.77
MODS, mean (SD) 3.1 (2.4) 4.2 (2.3) <0.001
Comorbidities
Congestive heart failure 13 (3.7) 20 (16.1) <0.001
Atrial fibrillation 34 (9.6) 24 (19.4) <0.001
Peripheral vascular disease 13 (3.7) 13 (10.5) <0.01
Hypertension 93 (26.3) 36 (29.0) 0.56
Chronic obstructive pulmonary disease 9 (2.5) 39 (31.5) <0.001
Diabetes mellitus 87 (24.6) 44 (35.5) 0.02
Chronic kidney disease 12 (3.4) 10 (8.0) 0.03
Liver disease 19 (5.4) 18 (14.5) <0.001
Malignancy 30 (8.5) 28 (22.6) <0.001
Alcohol misuse 22 (6.2) 9 (7.3) 0.69
Psychosis 4 (1.1) 1 (0.8) 0.76
Depression 12 (3.4) 2 (1.6) 0.31

Elixhauser comorbidity score, mean (SD) 3.3 (5.1) 9.0 (7.1) <0.001
Arrest in monitored setting, n (%) 136 (38.5) 50 (40.3) 0.72
Witnessed arrest, n (%) 193 (54.7) 64 (51.6) 0.54
Initial rhythm, n (%) 0.80
Ventricular fibrillation 93 (26.3) 30 (24.2)
Ventricular tachycardia 19 (5.4) 5 (4.0)
Pulseless electrical activity 144 (40.8) 50 (40.3)
Asystole 97 (27.5) 39 (31.4)

Previous ED visits, mean (SD)a 2.3 (2.6) 2.2 (2.0) 0.36
Previous ICU admissions, mean (SD)a 0.3 (0.6) 0.3 (0.9) 0.28
Previous ICU days, mean (SD)a 1.2 (5.1) 1.6 (6.7) 0.11

Abbreviations: CPR = cardiopulmonary resuscitation; ED = Emergency Department; ICU = intensive care unit; MODS = multi-organ dysfunction score;
SD = standard deviation.
a Only including patients with previous visits to The Ottawa Hospital.
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172 (mean age 65.7 years vs. 56.1 years, P < 0.001), had higher severity
173 of illness (mean MODS 4.2 vs. 3.1, P < 0.001), and higher prevalence
174 of comorbidities. There were no differences in the proportion of arrests
175 in monitored settings, witnessed arrests, or initial rhythm.
176 Patient outcomes between groups by frailty status are shown in
177 Table 2. Hospital mortality among patients without frailty was 68.6%,
178 as compared to 95.2% among patients with frailty. Among the
179 6 patients with frailty who survived to discharge, the mean age was
180 60.4 years. 4 of these patients had a CFS of 5, while one had a CFS of
181 6, and one had a CFS of 7. Multivariable logistic regression analyses
182 examining in-hospital mortality and ROSC are displayed in the
183 appendix (Supplemental Tables S1�2, respectively) as suggested by
184 existing recommendations.35 Frailty was independently associated
185 with lower odds of ROSC (adjusted OR 0.63 [95% CI: 0.41�0.93]),
186 and higher odds of hospital mortality (adjusted OR 2.91 [95% CI: 2.37
187 �3.48]). Only 6 of the 124 patients (5%) with frailty survived to hospital
188 discharge, of which only 1 was discharged to a home setting. A
189 similarly significant effect was found when evaluating the CFS as a
190 continuous variable in logistic regression analyses (Supplemental
191 Tables S3�4). In comparison with patients without frailty, those with
192 frailty had a higher likelihood of discharge to a long-term care facility
193 (adjusted OR 1.93 [95% CI: 1.57�2.32]).
194 Resource utilization among patients with and without frailty is
195 demonstrated in Table 3. Patients who died prior to ICU admission are

196not included. Overall, there were no significant differences between
197groups in the use of invasive mechanical ventilation, non-invasive
198mechanical ventilation, vasoactive medications, arterial line use, renal
199replacement therapy, or NEMS. Patient costs are displayed n Table 4.
200Mean total costs did not differ between patients with and without frailty
201($45,849 vs. $50,799, P = 0.14). There were no differences in
202components of cost, namely nursing, pharmacy, or laboratory costs.
203When accounting for mortality, cost-per-survivor among non-frail
204patients was $161,550, while cost-per-survivor among frail patients
205was $947,546. Among patients achieving ROSC, ICU costs-per-
206survivor were $62,261 for patients without frailty, compared with $
207251,893 for patients with frailty.

208Discussion

209We found that the presence of pre-admission frailty among ward
210patients with IHCA was associated with increased odds of in-hospital
211mortality, decreased odds of ROSC and more frequent discharge to
212long-term care among survivors. 95% of patients with frailty died in-
213hospital following IHCA, and only 1 survivor was able to be discharged
214home from hospital. While no differences in resource utilization and
215total hospital costs were found between patients with and without
216frailty, the low survival rate among patients with frailty translated into

Table 2 – Outcomes of non-frail and frail patients following in-hospital cardiac arrest (n = 477).

Characteristic No frailty (n = 353) Frailty (n = 124) Adjusted odds ratiob (95% CI) P value

ROSC, n (%) 169 (47.9) 44 (35.5) 0.63 (0.41�0.93) <0.01
In-hospital mortality, n (%) 242 (68.6) 118 (95.2) 2.91 (2.37�3.48) <0.001
Disposition, n (%)a 1.94 (1.57�2.32) <0.001
Home 44 (39.6) 1 (16.7)
Long-term care centre 67 (60.4) 5 (83.3)
Post-IHCA therapeutic hypothermia, n (%) 23 (6.5) 5 (4.0) 0.31
Post-IHCA coronary angiography, n (%) 17 (4.9) 4 (3.2) 0.46
ICU length of stay following ROSC, days, median (IQR) 4 (1�4) 3 (1�4) 0.09
Hospital length of stay following ROSC, days, median (IQR) 7 (4�9) 6 (4�8) <0.01
Readmission to hospital within 30 days from discharge, n (%)a 24 (21.6) 2 (33.3) 0.50

Abbreviations: ICU = intensive care unit; IHCA = in-hospital cardic arrest; IQR = interquartile range; MODS = multi-organ dysfunction score; SD = standard
deviation.
a Only includes patients surviving to discharge.
b Ratio of frail patients to non-frail patients.

Table 3 – Intensive care unit resource utilization among non-frail and frail patients with return of spontaneous
circulation following in-hospital cardiac arrest (n = 213).

Characteristic No frailty (n = 169) Frailty (n = 44) P value

Invasive mechanical ventilation, n (%) 167 (98.8) 44 (100.0) 0.47
Invasive mechanical ventilation days, median (IQR) 3 (2�5) 3 (2�4) 0.16
Non-invasive mechanical ventilation, n (%) 27 (16.0) 8 (18.2) 0.73
Non-invasive mechanical ventilation days, median (IQR) 1 (1�2) 1 (1�2) 0.39
Vasoactive medication, n (%) 153 (90.5) 41 (93.2) 0.58
Vasoactive medication days, median (IQR) 2 (1�4) 2 (1�3) 0.09
Arterial line, n (%) 160 (94.7) 40 (90.9) 0.35
Arterial line days, median (IQR) 3 (1�4) 3 (1�4) 0.29
Renal replacement therapy, n (%) 75 () 15 () 0.18
Renal replacement therapy days, median (IQR) 3 (1�5) 3 (1�5) 0.56
NEMS/day, mean (SD) 26.4 (7.1) 25.8 (7.9) 0.41

Abbreviations: IQR = interquartile range; NEMS = nine equivalents of nursing manpower scale; SD = standard deviation.
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217 much higher costs per survivor. Taken together, these findings
218 provide important information regarding outcomes and resource use
219 following IHCA, and therefore may assist in discussions surrounding
220 patient goals-of-care at the time of hospital admission.
221 Survival following IHCA is poor, however, the evidence informing
222 prognosis from IHCA has largely been extrapolated from out-of-
223 hospital cardiac arrest.1 Therefore, a growing need exists to identify
224 factors that are associated with changes in survival following IHCA.
225 Previous evidence has strongly linked age with IHCA outcomes. Older
226 patients are less likely to survive from IHCA,36 and a dose-response
227 relationship has been shown, with increasing age associated with
228 decreasing survival.37 Similarly, the presence of increased comor-
229 bidity burden has also been associated with poor survival following
230 IHCA. For example, patients with active malignancy have higher
231 adjusted odds of mortality following IHCA.38 The potential link
232 between these various prognostic factors may be frailty, which
233 describes a state of physiological decline and vulnerability. Given
234 emerging evidence that frailty can be feasibly and reliably ascertained
235 in hospitalized and critically ill patients, understanding the association
236 between frailty and outcomes after IHCA can provide patients and
237 clinicians with important information when creating care plans and
238 deciding upon goals of care.
239 Limited data already suggest that frailty may be associated with
240 outcomes following IHCA. However, these data have some limitations
241 and have not been generalized. An Australian study using the Hospital
242 Frailty Risk Score (HFRS), a frailty instrument based on diagnostic
243 codes in administrative data, found that higher frailty scores were
244 associated with reduced likelihood of discharge home.39 In the United
245 Kingdom, a retrospective study of 179 cases of IHCA found that
246 survival to discharge among patients with frailty (using a CFS
247 threshold �6) was 1.8%, compared with 31.7% in patients without
248 frailty.40 Our study, which used a clinically-oriented frailty instrument
249 in a multi-hospital network with a larger sample size, supports the
250 generalizability of these findings. Specifically, frailty is a clinically
251 available (although often un-assessed) risk factor for mortality
252 following IHCA. and At the time of hospital admission, clinicians
253 are tasked with discussing goals-of-care with patients, whether to
254 include CPR in an individual’s treatment plan. Unfortunately, patients
255 often have limited understanding of outcomes following IHCA,41 and

256believe the unrealistic rates of survival that are depicted in popular
257media.42 However, data related to prognosis following IHCA may
258influence patient decisions related to CPR, and older patients
259frequently decide against CPR when odds of survival are presented.41

260Frailty represents a novel but powerful predictor of outcome,
261suggesting that it should be assessed and discussed with all patients,
262particularly those who may be younger but who have significant
263comorbidities. Assessing frailty with the CFS is quick,43 and can
264provide information to patients that can enable them to decide upon
265the inclusion of CPR in their goals-of-care.
266We also analyzed the association between frailty and resource use
267and costs among patients with IHCA. Understanding resource use is a
268major focus of healthcare, particularly critical care, and there is a
269growing need to understand the amount of resource directed toward
270care that provides little benefit.23,44 While the prevalence of resource
271use and costs did not differ significantly between patients with and
272without frailty, the higher mortality among patients with frailty resulted
273in a cost per survivor of almost $1 million (CDN). This cost is much
274higher than that of typical high-cost ICU populations, such as patients
275with subarachnoid hemorrhage, or those receiving extracorporeal life
276support.25,45 This cost is particularly striking when one considers that
277only one-third of the patients with frailty surviving to discharge were
278discharged to a home setting. Understanding these values is
279important in identifying the resources and cost that are provided to
280the care of these patients.
281We used a multicentre database to identify patients who had IHCA,
282and were able to identify important associations between frailty,
283outcomes, and resource utilization. We closely followed existing
284recommendations for the control of confounding in observational
285research.35 However, our study has several limitations. First, and
286most importantly, while our primary outcome was survival to hospital
287discharge, we were unable to determine neurological outcome at
288discharge, which is a high-priority and patient-important outcome
289following cardiac arrest.46 The cause of death or withdrawal of life-
290sustaining therapy among deceased patients was unknown, and if it
291was secondary to poor neurological outcome, this has the potential to
292guide discussions with patients prior to IHCA. Future research should
293identify the impact of frailty on neurological outcome following IHCA,
294which will provide further prognostic information to patients. Also,

Table 4 – Mean costs of non-frail and frail patients experiencing in-hospital cardiac arrest (n = 477).

Characteristic No frailty (n = 353) Frailty (n = 124) P value

Total costs, $, mean (SD) 50,799 (38,348) 45,849 (38,349) 0.14
Total direct costs, $, mean (SD) 38.348 (30,382) 31,389 (32,393) 0.03
Total cost per survivor, $ 161,550 947,546
Post-ROSC ICU cost per survivor, $ 62,261 251,893
Attributable costs, $, mean (SD)
Food services 128 Q22 (1139) 983 (1320) 0.38
Health professionals (non-physician or nursing) 2726 (2,029) 2394 (2.290) 0.31
Laboratory 1837 (1832) 1762 (1392) 0.55
Medical imaging 1493 (1230) 1392 (1259) 0.62
Pharmacy 3223 (3001) 2945 (3032) 0.22
Respiratory therapy 3844 (6923) 3013 (6831) 0.27
Nursing 36,349 (33,349) 31,349 (30,832) 0.09

ICU costs, $, mean (SD)
Total costs 40,893 (35,349) 34,349 (40,737) 0.11
Direct costs 32,329 (30,923) 25,293 (21,939) 0.15
Indirect costs 8239 (8020) 7949 (7.848) 0.12

Abbreviations: ICU = intensive care unit; SD = standard deviation.
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295 while all patients had no limitations on care at the time of IHCA, we do
296 not have data related to how goals-of-care changed over the course of
297 ICU admission. This has the potential to bias results, as patients with
298 frailty may be guided toward less aggressive interventions. Secondly,
299 we screened for frailty retrospectively using the CFS, but this tool was
300 designed for prospective application.13 While this has the potential to
301 introduce bias, we followed previously described methods,34 and this
302 methodology has been shown to have strong concordance with
303 prospective measurement in ICU populations.18,33 Third, a significant
304 proportion of costs in our cohort were incurred prior to IHCA, though
305 we were able to provide ICU costs following IHCA separately. Fourth,
306 we did not have data related to long-term outcomes among survivors.
307 Whether frailty is associated with long-term survival and disability
308 among survivors of IHCA is unknown and serves as an important
309 avenue for future work. Understanding long-term costs would also be
310 of interest. Finally, while our data were gathered from two hospitals,
311 they exist within the same network and city, and therefore may be
312 susceptible to bias related to local practice.

313 Conclusions

314 Wefoundthat pre-admission frailty wasassociated with increasedodds
315 of hospital mortality and discharge to long-term care; and decreased
316 odds of ROSC following IHCA occurring on hospital wards. These
317 findings will inform conversations between clinicians and patients
318 related to the inclusion of CPR in goals-of-care. While resource use and
319 total hospital costs did not differ between patients with and without
320 frailty, patients with frailty had markedly higher costs per survivor.

321 Conflicts of interest

322 Dr. Daniel I. McIsaac is supported by the Canadian Anesthesiologists’
323 Society Career Scientist Award and The Ottawa Hospital Anesthesia
324 Alternate Funds Association. Dr. Sean M. Bagshaw is supported by a
325 Canada Research Chair in Critical Care Nephrology. Dr. John
326 Muscedere is the Scientific Director of the Canadian Frailty Network.
327 Dr. Deborah J. Cook is supported by a Canada Research Chair in
328 Critical Care Knowledge Translation. None of the other authors report
329 any conflict of interest.

330 Author contributions

331 SMF, DIM, BR, and KK designed the study. SMF, CD, and KK
332 gathered the data. All authors analyzed and interpreted the data. All
333 authors wrote the manuscript.

334 Funding

335 None received.Q10

336 Appendix A. Supplementary data

337 Supplementary material related to this article can be found, in the
338 online version, at doi:https://doi.org/10.1016/j.resuscitation.2019.11.
339 011.

3 4 0

R E F E R E N C E S

3411. 342Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-
343hospital cardiac arrest: a review. JAMA 2019;321:1200�10.
3442. 345Morrison LJ, Neumar RW, Zimmerman JL, et al. Strategies for
346improving survival after in-hospital cardiac arrest in the United States:
3472013 consensus recommendations: a consensus statement from the
348American Heart Association. Circulation 2013;127:1538�63.
3493. 350Hodgetts TJ, Kenward G, Vlackonikolis I, et al. Incidence, location and
351reasons for avoidable in-hospital cardiac arrest in a district general
352hospital. Resuscitation 2002;54:115�23.
3534. 354Nolan JP, Ferrando P, Soar J, et al. Increasing survival after admission
355to UK critical care units following cardiopulmonary resuscitation. Crit
356Care 2016;20:219.
3575. 358Zhu A, Zhang J. Meta-analysis of outcomes of the 2005 and
3592010 cardiopulmonary resuscitation guidelines for adults with in-
360hospital cardiac arrest. Am J Emerg Med 2016;34:1133�9.
3616. 362Schluep M, Gravesteijn BY, Stolker RJ, Endeman H, Hoeks SE. One-
363year survival after in-hospital cardiac arrest: a systematic review and
364meta-analysis. Resuscitation 2018;132:90�100.
3657. 366Fernando SM, Tran A, Cheng W, et al. Pre- and intra-arrest prognostic
367factors associated with survival following in-hospital cardiac arrest:
368systematic review and meta-analysis. BMJ 2019.
3698. 370Moskowitz A, Holmberg MJ, Donnino MW, Berg KM. In-hospital
371cardiac arrest: are we overlooking a key distinction? Curr Opin Crit
372Care 2018;24:151�7.
3739. 374Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly
375people. Lancet 2013;381:752�62.
37610. 377Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence
378for a phenotype. J Gerontol A Biol Sci Med Sci 2001;56:M146�56.
37911. 380Kehler DS, Ferguson T, Stammers AN, et al. Prevalence of frailty in
381Canadians 18-79 years old in the Canadian Health Measures Survey.
382BMC Geriatr 2017;17:28.
38312. 384Bagshaw M, Majumdar SR, Rolfson DB, Ibrahim Q, McDermid RC,
385Stelfox HT. A prospective multicenter cohort study of frailty in younger
386critically ill patients. Crit Care 2016;20:175.
38713. 388Rockwood K, Song X, MacKnight C, et al. A global clinical measure of
389fitness and frailty in elderly people. CMAJ 2005;173:489�95.
39014. 391Bagshaw SM, Stelfox HT, McDermid RC, et al. Association between
392frailty and short- and long-term outcomes among critically ill patients: a
393multicentre prospective cohort study. CMAJ 2014;186:E95�102.
39415. 395Le Maguet P, Roquilly A, Lasocki S, et al. Prevalence and impact of
396frailty on mortality in elderly ICU patients: a prospective, multicenter,
397observational study. Intensive Care Med 2014;40:674�82.
39816. 399Brummel NE, Bell SP, Girard TD, et al. Frailty and subsequent
400disability and mortality among patients with critical illness. Am J Respir
401Crit Care Med 2017;196:64�72.
40217. 403Zampieri FG, Iwashyna TJ, Viglianti EM, et al. Association of frailty with
404short-term outcomes, organ support and resource use in critically ill
405patients. Intensive Care Med 2018;44:1512�20.
40618. 407Fernando SM, McIsaac DI, Perry JJ, et al. Frailty and associated
408outcomes and resource utilization among older ICU patients with
409suspected infection. Crit Care Med 2019;47:e669�76.
41019. 411Fernando SM, McIsaac DI, Rochwerg B, et al. Frailty and invasive
412mechanical ventilation: association with outcomes, extubation failure,
413and tracheostomy. Intensive Care Med 2019.
41420. 415Muscedere J, Waters B, Varambally A, et al. The impact of frailty on
416intensive care unit outcomes: a systematic review and meta-analysis.
417Intensive Care Med 2017;43:1105�22.
41821. 419Chan PS, Nallamothu BK, Krumholz HM, et al. Long-term outcomes in
420elderly survivors of in-hospital cardiac arrest. N Engl J Med

2013;368:1019�26.
42122. 422Elshaug AG, Rosenthal MB, Lavis JN, et al. Levers for addressing
423medical underuse and overuse: achieving high-value health care.
424Lancet 2017;390:191�202.
42523. 426Stelfox HT, Bourgault AM, Niven DJ. De-implementing low value care in
427critically illpatients:acall foraction-less ismore. IntensiveCareMed2019.

6 R E S U S C I T A T I O N X X X ( 2 0 1 9 ) X X X �X X X

RESUS 8299 1�7

Please cite this article in press as: S.M. Fernando, D.I. McIsaac, B. Rochwerg et al. Frailty and associated outcomes and resource utilization following in-hospital
cardiac arrest. Resuscitation (2019), https://doi.org/10.1016/j.resuscitation.2019.11.011

https://doi.org/10.1016/j.resuscitation.2019.11.011
https://doi.org/10.1016/j.resuscitation.2019.11.011
https://doi.org/10.1016/j.resuscitation.2019.11.011


428 24.429 Fernando SM, Reardon PM, Rochwerg B, et al. Sepsis-3 septic shock
430 criteria and associated mortality among infected hospitalized patients
431 assessed by a rapid response team. Chest 2018;154:309�16.
432 25.433 Fernando SM, Reardon PM, Dowlatshahi D, et al. Outcomes and costs
434 of patients admitted to the ICU due to spontaneous intracranial
435 hemorrhage. Crit Care Med 2018;46:e395�403.
436 26.437 Fernando SM, Reardon PM, McIsaac DI, et al. Outcomes of older
438 hospitalized patients requiring rapid response team activation for
439 acute deterioration. Crit Care Med 2018;46:1953�60.
440 27.441 Nolan JP, Soar J, Smith GB, et al. Incidence and outcome of in-hospital
442 cardiac arrest in the United Kingdom National Cardiac Arrest Audit.
443 Resuscitation 2014;85:987�92.
444 28.445 Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures
446 for use with administrative data. Med Care 1998;36:8�27.
447 29.448 Marshall JC, Cook DJ, Christou NV, Bernard GR, Sprung CL, Sibbald

WJ. Multiple organ dysfunction score: a reliable descriptor of a
449 complex clinical outcome. Crit Care Med 1995;23:1638�52.
450 30.451 Fernando SM, Rochwerg B, Reardon PM, et al. Emergency
452 department disposition decisions and associated mortality and costs in
453 ICU patients with suspected infection. Crit Care 2018;22:172.
454 31.455 Ronksley PE, McKay JA, Kobewka DM, Mulpuru S, Forster AJ.
456 Patterns of health care use in a high-cost inpatient population in
457 Ottawa, Ontario: a retrospective observational study. CMAJ Open

2015;3:E111�8.
458 32.459 Reis Miranda D, Moreno R, Iapichino G. Nine equivalents of nursing
460 manpower use score (NEMS). Intensive Care Med. 1997;23:760�5.
461 33.462 Shears M, Takaoka A, Rochwerg B, et al. Assessing frailty in the
463 intensive care unit: a reliability and validity study. J Crit Care

2018;45:197�203.
464 34.465 Worster A, Haines T. Advanced statistics: understanding medical
466 record review (MRR) studies. Acad Emerg Med 2004;11:187�92.
467 35.468 Lederer DJ, Bell SC, Branson RD, et al. Control of confounding and
469 reporting of results in causal inference studies. Guidance for Authors
470 from Editors of Respiratory, Sleep, and Critical Care Journals. Ann Am
471 Thorac Soc 2019;16:22�8.

47236. 473Hirlekar G, Karlsson T, Aune S, et al. Survival and neurological
474outcome in the elderly after in-hospital cardiac arrest. Resuscitation

2017;118:101�6.
47537. 476van Gijn MS, Frijns D, van de Glind EM, CvM B, Hamaker ME. The
477chance of survival and the functional outcome after in-hospital
478cardiopulmonary resuscitation in older people: a systematic review.
479Age Ageing 2014;43:456�63.
48038. 481Bruckel JT, Wong SL, Chan PS, Bradley SM, Nallamothu BK. Patterns
482of resuscitation care and survival after in-hospital cardiac arrest in
483patients with advanced cancer. J Oncol Pract 2017;13:e821�30.
48439. 485Smith RJ, Reid DA, Santamaria JD. Frailty is associated with reduced
486prospect of discharge home after in-hospital cardiac arrest. Intern Med
487J 2018.
48840. 489Wharton C, King E, MacDuff A. Frailty is associated with adverse
490outcome from in-hospital cardiopulmonary resuscitation.
491Resuscitation 2019.
49241. 493Murphy DJ, Burrows D, Santilli S, et al. The influence of the probability
494of survival on patients’ preferences regarding cardiopulmonary
495resuscitation. N Engl J Med 1994;330:545�9.
49642. 497Diem SJ, Lantos JD, Tulsky JA. Cardiopulmonary resuscitation on
498television. Miracles and misinformation. N Engl J Med 1996;334:1578

�82.
49943. 500McIsaac DI, Taljaard M, Bryson GL, et al. Frailty as a predictor of death
501or new disability after surgery: a prospective cohort study. Ann Surg

2018.
50244. 503Kyeremanteng K, Downar J. Why is it so hard to stop doing things that
504are unwanted, non-beneficial, or unsustainable? Lancet Respir Med

2019;7:558�60.
50545. 506Fernando SM, Qureshi D, Tanuseputro P, et al. Mortality and costs
507following extracorporeal membrane oxygenation in critically ill adults: a
508population-based cohort study. Intensive Care Med 2019;45:1580�9.
50946. 510Haywood K, Whitehead L, Nadkarni VM, et al. COSCA (Core Outcome
511Set for Cardiac Arrest) in adults: an advi Q11sory statement from the
512International Liaison Committee on Resuscitation. Resuscitation

2018;127:147�63.

R E S U S C I T A T I O N X X X ( 2 0 1 9 ) X X X �X X X 7

RESUS 8299 1�7

Please cite this article in press as: S.M. Fernando, D.I. McIsaac, B. Rochwerg et al. Frailty and associated outcomes and resource utilization following in-hospital
cardiac arrest. Resuscitation (2019), https://doi.org/10.1016/j.resuscitation.2019.11.011

https://doi.org/10.1016/j.resuscitation.2019.11.011

	Frailty and associated outcomes and resource utilization following in-hospital cardiac arrest
	Introduction
	Methods
	Study design, setting and subjects
	Data collection
	Identifying frailty
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflicts of interest
	Author contributions
	Funding
	Appendix A Supplementary data
	References


