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Analysis of postdischarge costs following 
emergent general surgery in elderly patients

Background: As populations age, more elderly patients will undergo surgery. Frailty 
and complications are considered to increase in-hospital cost in older adults, but little is 
known on costs following discharge, particularly those borne by the patient. We 
examined risk factors for increased cost and the type of costs accrued following discharge 
in elderly surgical patients.

Methods: Acute abdominal surgery patients aged 65 years and older were prospectively 
enrolled. We assessed baseline clinical characteristics, including Clinical Frailty Scale 
(CFS) scores. We calculated 6-month cost (in Canadian dollars) from patient-reported 
use following discharge according to the validated Health Resource Utilization Inven-
tory. Primary outcomes were 6-month overall cost and cost for health care services, 
medical products and lost productive hours. Outcomes were log-transformed and 
assessed in multivariable generalized linear and zero-inflated negative binomial regres-
sions and can be interpreted as adjusted ratios (AR). Complications were assessed 
according to Clavien–Dindo classification. 

Results: We included 150 patients (mean age 75.5 ± 7.6 yr; 54.1% men) in our analysis; 
10.8% had major and 43.2% had minor complications postoperatively. The median 
6-month overall cost was $496 (interquartile range $140–$1948). Disaggregated by cost 
type, frailty independently predicted increasing costs of health care services (AR 1.76, 
95% confidence interval [CI] 1.43–2.18, p < 0.001) and medical products (AR 1.61, 95% 
CI 1.15–2.25, p = 0.005), but decreasing costs in lost productive hours (AR 0.39, p = 
0.002). Complications did not predict increased cost.

Conclusion: Frail patients accrued higher health care services and product costs, but 
lower costs from lost productive hours. Interventions in elderly surgical patients should 
consider patient-borne cost in older adults and lost productivity in less frail patients. 

Trial registration: NCT02233153 (clinicaltrials.gov).

Contexte  : Avec le vieillissement de la population, les personnes âgées seront plus 
nombreuses à subir des chirurgies. Il est déjà reconnu que la fragilité et les complications 
font augmenter les coûts d’hospitalisation chez les adultes âgés, mais on en sait relativement 
peu sur les coûts posthospitaliers, particulièrement ceux assumés par le patient lui-même. 
Nous avons analysé les facteurs de risque d’augmentation de ces coûts et les types de 
dépenses assumées après le congé par les patients âgés opérés.

Méthodes : Pour l’étude, nous avons recruté des patients de 65 ans et plus qui allaient 
subir une chirurgie abdominale d’urgence. Nous avons déterminé leurs caractéristiques 
cliniques initiales, y compris leur score à l’échelle de fragilité clinique (EFC). Nous 
avons calculé les coûts échelonnés sur 6 mois (en dollars canadiens) rapportés par les 
patients après leur congé, selon un inventaire validé de l’utilisation des ressources de 
santé. Les paramètres principaux étaient le montant total des dépenses et le coût des 
services de santé, des produits médicaux et des heures de travail perdues pour une période 
de 6 mois. Une transformation logarithmique a été appliquée aux données, qui ont 
été évaluées par une analyse de régression linéaire multivariée généralisée et par une 
analyse binomiale négative avec surreprésentation des zéros. Les résultats peuvent être 
interprétés comme des rapports ajustés (RA). Les complications ont été évaluées selon la 
classification de Clavien–Dindo.

Résultats  : Nous avons inclus 150 patients dans notre analyse (âge moyen : 75,5 ± 
7,6 ans; proportion d’hommes : 54,1 %). Après l’opération, 10,8 % ont présenté des 
complications majeures, et 43,2 %, des complications mineures. Le montant total 
médian des dépenses sur 6 mois était de 496 $ (éventail interquartile : 140–1948 $). 
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I n the developed world, aging populations are increas-
ingly in need of surgical interventions. Currently, 16% 
of Canadians are older than 65 years.1 By 2050, 22% of 

all North Americans will be considered elderly.2 Health 
care spending represented 17% of the American gross 
domestic product (GDP) and 10% of Canadian GDP in 
2014.3,4 Costs are expected to increase as the population 
ages. Improved medical technology, experience and more 
aggressive surgical treatment criteria have allowed a 
greater number of elderly and more frail patients to 
become surgical candidates.5,6

Patients older than 60 years accounted for more than 
58% of Canadian surgical bed utilization in 2005,7 and this 
number will only increase as our population ages. Older 
patients are at highest risk of postoperative complications, 
prolonged hospital admissions and increased dependency 
or institutionalization.8,9 Alongside increased system cost, 
patients may also require support in the home, home mod-
ifications, outpatient medications and caregiver support. 
These services may represent a substantial out-of-pocket 
burden for patients and their families.

Reducing postdischarge costs requires identification of 
high-cost patients and potentially modifiable risk factors. 
However, most cost prediction models do not effectively 
predict cost after surgery. Of the 6 preoperative risk strati-
fication tools used in cardiac patients, none reliably pre-
dicted costs after surgery;10 all models relied on age, and 
none incorporated frailty. Additionally, none of the 6 tools 
assessed differences in type of cost following discharge.

Frailty, defined as a poor physiologic reserve limiting 
response to acute physiologic insult, and postoperative 
complications have predicted increased postoperative mor-
bidity and mortality,5,6,11–15 in-hospital costs, costs following 
discharge15–17 and outpatient medical costs over 6 months.18 
However, using the full economic impact following surgery 
to develop models may have better predictive strength. 
Only 1 study has incorporated frailty as a predictor for cost 
after surgical discharge in elderly patients.15 To our know-
ledge, no studies have assessed cost in older patients receiv-
ing emergent surgery or the type of costs following dis-
charge in this population, including patient-borne costs.

This present study aimed to identify independent pre-
dictors of overall cost and types of costs accrued by older 

patients within 6 months of discharge after acute abdom-
inal surgery. Overall costs included costs for health care 
services utilization, medical products and productive hours 
lost. This information will be useful to physicians as they 
consider the financial burden experienced by their patients 
and attributes that may be associated with higher cost.

Methods

Population and baseline data collection

Our cohort includes patients who were enrolled during 
the preimplementation period of a controlled before-and-
after care transformation, the Elder-Friendly Approaches 
to the Surgical Environment (EASE) study19 (clinicaltrials.
gov identifier: NCT02233153). Patients were prospec-
tively recruited at 2 tertiary referral teaching hospitals in 
Alberta, Canada, with 1450 inpatient beds combined and 
more than 1 million unique patient visits per year (Uni-
versity of Alberta Hospital and Foothills Medical Centre). 
Patients were enrolled during index admissions between 
January 2014 and September 2015 if they required emer-
gency abdominal surgery and were aged 65 years or older. 
Exclusion criteria were elective, trauma or palliative sur-
gery, transfers from out of jurisdiction or other hospital 
services, and preoperative dependence in 3 or more activ-
ities of daily living. The heath research ethics boards at 
each site approved our study procedures (Pro00047180). 
All study participants provided informed consent.

We collected demographic and clinical characteristics 
by performing detailed chart reviews or conducting follow-
up interviews. We assessed frailty before admission, as 
defined by the revised Canadian Study of Health and 
Aging Clinical Frailty Scale20 (CFS; scores ranging from 1 
[very fit] to 6 [moderately frail], as severely frail or termi-
nally ill patients [CFS scores of 7–9] were ineligible for this 
study). For each patient, we calculated the Charlson 
Comorbidity Index21 and the Clavien–Dindo classification 
of surgical complications22 (grades III–V refer to major 
complications and grades I–II refer to minor complica-
tions). Complications that occurred postoperatively were 
included, but those that occurred on postoperative day 0 
that were related to the admission diagnosis were excluded. 

Dans des analyses effectuées selon le type de dépenses, la fragilité était une variable 
explicative permettant de prédire indépendamment l’accroissement des coûts des 
services de santé (RA : 1,76; intervalle de confiance [IC] à 95 % : 1,43–2,18; p < 0,001) 
et des produits médicaux (RA : 1,61; IC à 95 % : 1,15–2,25; p = 0,005) ainsi que la 
réduction des coûts associés aux heures de travail perdues (RA : 0,39; p = 0,002). Les com-
plications n’avaient pas de valeur prédictive en ce qui a trait à l’accroissement des coûts.

Conclusion  : Les patients fragiles ont assumé des coûts plus élevés en services de 
santé et en produits médicaux, mais des coûts moindres en lien avec la perte d’heures 
de travail. Les interventions chez les patients en chirurgie âgés devraient tenir compte 
des coûts assumés par cette population et de la perte de productivité chez les patients 
moins fragiles. 

Enregistrement de l’essai : ClinicalTrials.gov, no NCT02233153
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Surgical complications were independently and blindly 
assessed by 2 clinicians (G.E. and R.K.), with disagreement 
resolved by consensus. All-cause readmissions within 
6 months of discharge were also sought and collected from 
the provincial electronic medical database.

Outcomes

The primary outcomes were overall cost and costs for 
health care services, medical products and lost productive 
hours in the 6 months following discharge after acute 
abdominal surgery. Costs were calculated based on a mod-
ified version of the self-reported Health Resource Utiliza-
tion Inventory (HRUI) that has previously been validated 
with administrative data.23 Overall, very few resource util-
ization surveys are available that have been validated 
exclusively among elderly patients,24 and none are relevant 
to the present study. The HRUI includes patient-reported 
utilization of health care services (e.g., readmission, emer-
gency department visits and any interactions with allied 
health care providers, including physicians, nurses, phys-
ical therapists and acupuncturists), medical products used 
or purchased (e.g., walkers, ostomy supplies, diapers, 
wheelchairs) and productive hours (i.e., lost wages in paid 
employment or volunteering) within 6 months after dis-
charge. Eyeglasses, dentures and hearing aids were con-
sidered unrelated to surgery; the costs for these were 
excluded. The cost for medical products and lost produc-
tive hours were considered patient-borne costs. Prescrip-
tion medications for pain or sedation were additionally 
sought, as these are commonly prescribed upon discharge 
after surgery, and were considered health care services. 
We did not assess the cost of inpatient rehabilitation pro-
grams or outpatient laboratory tests; these are covered by 
the single-payer public insurance program in the jurisdic-
tion of the participating sites.

The HRUI was administered by telephone 6 months 
after discharge. Cost of health care services, including 
medication, were calculated from reimbursement schemes 
by the Alberta Aids to Daily Living (AADL) program25 or 
using market rates when required. Cost of physician or 
dental visits were based on published fee schedules26–28 and 
allied health costs were based on local market rates. Costs 
for medical products were calculated from government25 
and commercial sources. Total productive hours lost in 
paid employment or volunteer positions were multiplied 
by the mean hourly wage ($CAD29.2729) in Alberta.30 All 
costs are reported in Canadian dollars ($USD1 = 
$CAD1.32) and correspond to January 2016 reimburse-
ment or market rates.

Statistical analysis

We performed descriptive analyses of demographic and 
clinical data, including χ2, Fisher exact and t tests. Study 

sites were compared and pooled for analysis. Clinical 
characteristics and cost categories were assessed for statis-
tical significance in univariate analyses (Kruskal–Wallis 
tests for ordinal data, Fisher exact or χ2 tests for categor-
ical data, and t tests for continuous variables). As cost data 
were skewed, outcomes were log-transformed. Data distri-
bution was determined by visual inspection. Overall cost, 
medical product cost and health care services cost were 
analyzed using a general linear regression model (GLM).31 
Gaussian distribution was used for overall cost and med-
ical product cost; γ distribution was used for health care 
services cost in the GLM model. Cost for lost productive 
hours was analyzed using zero-inflated negative binomial 
(ZINB) regression,32–34 which generates 2 separate models 
and then combines them. A logit model is generated to 
assess which patients were a “certain zero” (i.e., where 
there was no chance an individual could experience any 
cost because they weren’t working or volunteering before 
admission). Then, a negative binomial model is used to 
predict the adjusted cost for patients who are not certain 
zeros (i.e., patients who are not predicted “certain zeros” 
are included in the nested negative binomial model). 
Finally, the 2 models are combined. The ZINB model was 
compared with a traditional negative binomial model 
using the Vuong test. The GLM and ZINB models report 
b-coefficients for log count of cost. Variables were 
sequentially added to models and kept if p < 0.20. Age and 
site was forced into each model. To ease interpretation, 
b-coefficients were inversely transformed and can be 
interpreted as adjusted ratios (AR).

In sensitivity analyses, we considered 6-month readmis-
sion in models for medical products and productivity costs, 
but not elsewhere, as readmission forms part of the 
depend ent variable (health care services utilization). We 
assessed model fit using the Bayesian information criterion 
(BIC), which penalizes for additional variables. Lower BIC 
indicates a more plausible model given the data. Outliers 
were retained within the models. Health care costs are 
driven by outliers that represent a disproportionate per-
centage of overall expenditure. Removing outliers would 
result in excluding patients who use a sizable portion of the 
health care budget. Analyses were performed using 
STATA software version 14 (StataCorp LP). We con-
sidered retuls to be significant at p < 0.05, 2-tailed. 

Results

Of the eligible participants (n = 308), 66 were unable or 
unwilling to participate; 242 patients enrolled. Thirteen 
patients died within 6 months of enrolment, and 79 were 
lost to follow-up (Fig. 1). Overall, 65.5% of enrolled par-
ticipants who were alive at 6 months (n = 150) completed 
6-month assessments (Fig. 1). The median age of patients 
was of 73.7 (range 65–96.5) years, and 54.1% were men. 
Nearly all patients (93.9%) were living independently 
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before admission and had a median CFS score of 3 (range 
1–6); 10.8% had major and 48% had minor complications 
postoperatively (Table 1). When comparing those who 
completed the survey and those who were lost to follow-
up, there was no difference in age, BMI, sex, marital 
 status, ostomy creation, Charlson Comorbidity Index 
score, American Society of Anesthesiologists (ASA) classi-
fication, preadmission dementia diagnosis, postoperative 
complications or number of readmissions. Among those 
who were lost to follow-up, frailty was greater (p < 0.001), 
length of stay was longer (p = 0.014), and there were more 
visible minorities (p < 0.001).

The mean 6-month overall cost was $3921 ± $8582 
(max: $48 893) and the median was $496 (interquartile 
range [IQR] $140–$1948; Table 2). After log transforma-
tion there was no skewness (p = 0.13). Stratified by frailty, 
patients deemed to be well (CFS = 2), to be managing well 
(CFS = 3) or to be mildly frail (CFS = 5) had the lowest 
6-month overall costs (Table 2). In multivariable analysis, 
increasing age predicted slightly decreasing overall cost 
(AR = 0.96, p = 0.047), whereas being admitted to the Uni-
versity of Alberta Hospital predicted a 2-fold increase in 
overall costs (AR 2.14, p = 0.024) within 6 months of dis-
charge, after controlling for postoperative level of care, 
frailty, ASA class and comorbidities (Table 3).

In general, health care services accounted for the bulk 
of postdischarge costs ($138, IQR $65–$332). Log trans-
formation resulted in persistent skewness (p = 0.003). 
Stratified by frailty, costs for health care services were 
greatest among the moderately frail group (CFS = 6; 
Table 2). In multivariable analysis, a 1-category increase 
in frailty independently predicted a 76% increase in 

health care services costs (AR 1.76, 95% confidence 
interval [CI] 1.43–2.18, p < 0.001) within 6 months of dis-
charge (Table 3).

Most patients did not accrue costs for medical products 
within 6 months (Table 2). Log-transformed data did not 
contain skewness (p = 0.07). Stratified by frailty, the cost of 
medical products was highest among moderately frail 
patients (CFS = 6; Table 2). In multivariable analysis, 
increases in frailty independently predicted a 61% increase 
in cost for medical products (AR 1.61, 95% CI 1.15–2.25, 
p = 0.006); marital status, age, ostomy creation or modifica-
tion, length of stay and site also predicted increased cost 
(Table 3).

Lost productive hours were analyzed using a ZINB 
model. The ZINB model fit our data considerably better 
than a negative binomial model (p = 0.002, Vuong test) and 
the log-transformed data were not skewed (p = 0.36) after 
removing zeros. Most patients (115 of 150) also did not 
accrue costs for lost productive hours within 6 months 
(Table 2). Stratified by frailty, lost productivity was pre-
dominantly observed in very fit (CFS = 1) or well (CFS = 
2) patients, but was also seen in patients managing well 
(CFS = 3) and in vulnerable patients (CFS = 4; Table 2 and 
Fig. 2). In the ZINB analysis, a 1-category increase  
in frailty independently predicted a 2-fold increase in 

Fig. 1. Flow of patients through the study. HRUI = Health 
Resource Utilization Inventory.

HRUI questionnaire
completed at 6 months

n = 150  

Cohort at discharge
n = 308

Cohort at 30 days
n = 303

Cohort at 6 months
n = 295

Died n = 5

Died n = 8

No consent  n = 66
Cognitive impairment  n = 8
Language barrier  n = 26
Declined  n = 32

Incomplete questionnaires or 
follow-up n = 79

Table 1. Baseline demographic and clinical characteristics of 
study participants (n = 150)

Characteristic No. (%)*

Age, mean ± SD, yr 75.5 ± 7.6

Male sex 81 (54.1)

Visible minority 18 (12.1)

Married 113 (75)

Living independently before admission 141 (93.9)

Perioperative

Clinical frailty score, median (range) 3 (1–6)

BMI, mean ± SD 27.6 ± 5.9

Charlson Comorbidity Index, mean ± SD 1.0 ± 1.0

Postoperative recovery on regular ward 134 (89.2)

ASA ≥ 3 87 (58.1)

Type of surgery

Appendix 21 (14.2)

Gallbladder/biliary tree 39 (25.7)

Hernia 33 (22.3)

Intestinal 63 (41.9)

Stomach or rectum 7 (4.7)

Other 23 (15.5)

Ostomy created or revised 16 (10.8)

Postoperative

LOS until ready for discharge, mean ± SD 10.3 ± 9.1

Total LOS, mean ± SD 11.0 ± 10.4

Minor complication (Clavien–Dindo I–II) 64 (43.2)

Major complication (Clavien–Dindo III–IV) 16 (10.8)

No. of readmissions within 6 mo 41 (27.3)

ASA = American Society of Anesthesiologists; BMI = body mass index; LOS = length of 
stay; SD = standard deviation.

*Unless indicated otherwise.
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probability that the patient was not working or volunteer-
ing before admission (AR 2.13, 95% CI 1.38–3.30, p = 
0.001; Table 3) and predicted decreased cost for lost pro-
ductive hours for those who were working or volunteering 
before admission (AR 0.39, 95% CI 0.21–0.71, p = 0.002; 
Table 3). Male sex also independently predicted a more 
than 2-fold increase in lost productive hours (AR 2.28, 
95% CI 1.05–4.99, p = 0.042; Table 3) within 6 months of 
discharge. Age was associated with more often reporting 
no lost productive hours (AR 1.11, 95% CI 1.03–1.19, 
p = 0.004; Table 3).

Sensitivity analyses

On additional assessment, all-cause 6-month readmission 
independently predicted increased cost for medical prod-
ucts but not for lost productive hours. Inclusion in the 
model improved fit (Table 4). Notably, univariate logis-
tic regression of major complications did not identify 
significant interactions with overall cost or cost associ-
ated with lost productive hours. It did identify increased 
costs for medical products (AR 1.09, p = 0.002) and 
health care services (AR 3.51, p = 0.040); however, these 

Table 2. System and patient-borne costs within 6 months of discharge, according to frailty (n = 150)*

Outcome
Cost, median 
(IQR), $CAD

Range, 
$CAD

Cost by clinical frailty score category, median (IQR) [max], $CAD

p value1, n = 12 2, n = 34 3, n = 55 4, n = 26 5, n = 14 6, n = 9

Overall cost 496 (140–1948) 40–48 893 1094 
(301–26 656) 

[30 441]

300  
(96–7084) 
[37 231]

358 
(115–1124) 

[30 441]

878 
(308–3632) 

[12 267]

196  
(96–541) 
[4990]

1343 
(913–4189) 

[48 893]

0.010

Health care 
services

138 (65–332) 0–44 232 90 (40–2144) 
[2144]

93 (40–196) 
[1712]

115 (65–329) 
[1532]

266 (129–859) 
[7639]

90 (40–212) 
[3627]

828 (331–1063) 
[44 232]

< 0.001

Medical 
products

0 (0–371) 0–4661 0 (0–150) 
[746]

0 (0–85)  
[679]

0 (0–230) 
[2489]

0 (0–484) 
[3267]

85 (0–457) 
[1630]

885 (417–3279) 
[4661]

< 0.001

Lost 
productivity

0 (0–0) 0–37 100 0 (0–26 636) 
[30 441]

0 (0–5327) 
[37 100]

0 (0–0) 
[30 441]

0 (0–0) 
[12 176]

0 (0–0)  
[0]

0 (0–0)  
[0]

0.002

IQR = interquartile range.

*All costs are reported in Canadian dollars (2016).

Table 3. Total and subgroup costs at 6 months after discharge

Covariate* AR (95% CI) p value BIC†

Health care services; generalized linear model (γ distribution) –487

Age (per 1-yr increase) 0.97 (0.93–1.01) 0.18

Clinical Frailty Scale score (per 1-pt increase) 1.89 (1.52–2.35) < 0.001

Married 0.58 (0.28–1.18) 0.13

Medical products; generalized linear model (Gaussian distribution) 110

Age (per 1-yr increase) 1.09 (1.04–1.15) 0.001

Clinical Frailty Scale score (per 1-pt increase) 1.61 (1.15–2.25) 0.006

Length of stay (per 1-d increase) 1.06 (1.02–1.11) 0.003

Married 0.35 (0.15–0.83) 0.018

Ostomy 5.36 (1.47–19.44) 0.002

Lost productive hours; zero-inflated model (chance patient is certain zero?) 1

Age (per 1-yr increase) 1.11 (1.03–1.19) 0.004

Charlson Comorbidity Index (per 1-pt increase) 0.79 (0.50–1.23) 0.30

Clinical Frailty Scale score (per 1-pt increase) 2.13 (1.38–3.30) 0.001

Nested negative binomial regression (cost if working before admission)

Age (per 1-yr increase) 0.95 (0.88–1.02) 0.12

Clinical Frailty Scale score (per 1-pt increase) 0.39 (0.21–0.71) 0.002

High-acuity bed postoperatively 2.13 (0.996–4.54) 0.05

Sex, male 2.28 (1.05–4.99) 0.042

Overall cost; generalized linear model (Gaussian distribution) –198

Age (per 1-yr increase) 0.96 (0.92–0.999) 0.047

ASA classification (per 1-pt increase) 0.59 (0.34–1.03) 0.06

Charlson Comorbidity Index (per 1-pt increase) 1.29 (0.93–1.79) 0.12

Clinical Frailty Scale score (per 1-pt increase) 1.06 (0.80–1.40) 0.69

High-acuity bed postoperatively 1.71 (0.97–4.08) 0.06

AR = adjusted ratio; ASA = American Society of Anesthesiologists; BIC = Bayesian information criterion; CI = confidence interval.

*Age and location were forced into each model. 

†Lower BIC values indicate better model fit.
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results were not significant in multivariable analysis. 
Minor complications did not predict a change in any cat-
egory. The cost of lost productive hours was initially 
assessed using a multivariable GLM; frailty (AR 1.50, p < 
0.001) and age (AR 2.47, p = 0.009) were significant. 

However, the fit of the GLM was much worse than that 
of the ZINB model (BIC = 1006 v. BIC = 1). The ZINB 
model is also specifically designed to account for data 
sets with high numbers of zeros and consequently was 
chosen as the superior model.

Fig. 2. Overall and subcategory costs according to frailty. Boxes represent the interquartile range (IQR), while 
whiskers define 1.5 times the IQR. Outliers are indicated by symbols.
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1 2 3
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Overall cost and cost subcategories

Overall

Health care services

Lost productive hours

Medical products

4 5 6

Table 4. Estimated total and subgroup cost 6 months following discharge with readmission

Covariate* AR (95% CI) p value BIC

Medical products; generalized linear model (Gaussian distribution) 72

Age (per 1-yr increase) 1.09 (1.03–1.15) 0.003

Clinical frailty score (per 1-pt increase) 1.45 (1.03–2.06) 0.036

Length of stay (per 1-d increase) 1.07 (1.03–1.12) 0.001

Married 0.35 (0.15–0.84) 0.017

Ostomy creation or modification 3.59 (0.97–13.26) 0.06

Readmitted at least once within 6 mo of discharge 3.34 (1.36–8.22) 0.009

Lost productive hours; zero-inflated model (chance patient is certain zero?) 5

Age (per 1-yr increase) 1.11 (1.03–1.19) 0.004

Charlson Comorbidity Index (per 1-pt increase) 0.79 (0.50–1.23) 0.30

Clinical frailty score (per 1-pt increase) 2.13 (1.38–3.30) 0.001

Nested negative binomial regression (cost if working before admission)

Age (per 1-yr increase) 0.94 (0.88–1.01) 0.11

Clinical frailty score (per 1-pt increase) 0.42 (0.22–0.79) 0.007

High-acuity bed postoperatively 2.25 (0.99–5.11) 0.05

Readmitted at least once within 6 mo of discharge 0.75 (0.32–1.76) 0.51

Male sex 2.29 (1.06–4.98) 0.036

AR = adjusted ratio; BIC = Bayesian information criterion; CI = confidence interval. 

*Age and location were forced into each model.

†Lower BIC values indicate better model fit.
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Owing to the high number of patients with no cost in 
the medical product cost category, we also performed a 
ZINB analysis. We felt that GLM regression was a more 
appropriate analysis of this sort of cost data (all patients 
could experience this cost), but we wanted to test the 
robustness of our findings. Increasing frailty remained a 
significant predictor of cost in those who experienced cost 
(AR 1.48, 95% CI 1.24–1.77, p < 0.001). Ostomy creation 
also predicted higher cost (AR 1.95, 95% CI 1.05–3.63, 
p = 0.035); increasing age (AR 0.97, 95% CI 0.94–0.999, 
p = 0.042) and male sex (AR 0.62, 95% CI 0.38–0.999, p = 
0.05) predicted lower cost. Increasing frailty (AR 0.60, 
95% CI 0.43–0.84, p = 0.003) and age (AR 0.92, 95% CI 
0.87–0.97, p = 0.002) also predicted a lower probability of 
experiencing no cost. Overall, the ZINB model fit much 
worse than the GLM model (BIC = 1268 v. BIC = 110). 
Length of stay and marital status were not robust, but the 
effect of frailty and ostomy creation remained large and 
statistically significant.

When minor or major complications were included in 
the multivariable GLM regression and ZINB models 
there was no significant interaction. Major complications 
were retained only in health care services and remained 
nonsignificant.

discussion

Elderly surgical patients incur both system and patient-
borne costs after discharge. Health care services costs 
account for the majority of postdischarge costs experi-
enced by patients in our study, as most patients did not 
experience costs for medical products or lost productivity 
within 6 months of discharge. The costs experienced by 
patients following discharge depends on their premorbid 
health state before surgery and clinical course. Frailty was 
associated with higher health care services utilization and 
greater medical product use. Increasing frailty predicted 
that patients were less likely to be working or volunteering 
before admission; however, increasing frailty in patients 
who had been working or volunteering before admission 
predicted lower cost of lost productive hours. Addition-
ally, in those who were working or volunteering before 
admission, increasing age was associated with decreased 
cost from lost productivity. This is likely explained by 
older or more frail patients working fewer hours per week 
before admission, which decreases the maximum eco-
nomic loss they could experience if they were no longer 
able to work after discharge. This resulted in a nonlinear 
distribution of cost. Patients with frailty scores of 1 and 6 
experienced the highest mean costs.

Cost analysis of postdischarge costs typically account for 
direct medical costs while ignoring the wider economic 
impact of recuperation. The only other study to examine 
postdischarge costs in general surgery patients was con-
ducted in older patients undergoing elective colorectal sur-

gery.18 It showed that increased cost following discharge is 
associated with increasing frailty, as measured by an unvali-
dated assessment of frailty domains. The study did not 
incorporate lost wages, use of complementary health care 
providers (e.g., massage therapists, chiropractors) or other 
disposable health care products used.

Overall cost was significantly influenced only by age. A 
4% decrease in cost was associated with each year increase 
in age. This was likely a statistical error, as there was a sig-
nificant increase in medical product cost (9%) with age and 
a significant decrease in cost of lost productive hours (5%). 
We measured several different sources of cost, which 
responded to our measured variables in different ways. 
Some of our measured cost categories increased with 
increasing frailty (medical products and health care services 
cost), whereas other measured variables decreased (lost 
productivity). This results in a nonlinear association 
between frailty and total cost. Patients who were well (CFS 
= 1) and those who were frail (CFS = 6) experienced higher 
cost than those who were in between. This resulted in 
frailty having no statistically significant influence on over-
all cost in our linear model and most predictors having no 
significant effect on overall cost.

Frail patients are more likely to be readmitted to hospi-
tal, resulting in increased emergency department utiliza-
tion, which is included in our health care services cost cat-
egory. Overall, only frailty predicted increased cost after 
controlling for age, length of stay and other clinical factors. 
It predicted a significant increase in the cost of health care 
services. This is consistent with previous findings. Address-
ing frailty with targeted interventions may help reduce 
these costs.

Medical product cost was influenced by several factors. 
Ostomy creation resulted in a 5-fold increase in patients’ 
medical product costs. After controlling for frailty, each 
additional day of admission and each year of life also 
resulted in significant cost increases. Moreover, in addition 
to being costly in its own right, hospital readmission may 
also be a clinically important driver of patient-borne costs, 
as readmitted patients may require additional medical 
products or services.

Paid work and volunteering are treated as economically 
equivalent in economic analysis. As people age they become 
less likely to work; however, volunteerism among older 
adults remains quite common. Our analysis found that 
increasing age and frailty predicted decreased employment 
or volunteerism before the index admission. Conversely, 
younger and less frail patients experienced higher costs (up 
to $37 000) over 6 months. This is because those who 
worked or volunteered more hours before admission experi-
enced a higher economic loss if they were unable to return 
to their work or volunteer activities following  surgery.

Previous studies have shown significant costs associated 
with inpatient care following postoperative complica-
tions.16,17 However, we did not find a statistically significant 



RECHERCHE

26 J can chir, Vol. 61, No 1, février 2018 

association between major or minor complications in any 
cost category after controlling for age, frailty and other 
clinically relevant factors. This may be due to the increased 
risk of complications associated with increased age and 
frailty. Adding complications to the model may not add 
any explanatory power to the model beyond the variables 
already in the model.

Many of the factors we have identified that influence 
cost are not modifiable. However, identifying frailty allows 
for improved assessment and implementation of frailty-
specific care plans. The use of comprehensive geriatric 
assessment (CGA) to evaluate seniors has been shown to 
improve outcomes in a Cochrane review of acute medical 
admissions.35 A systematic review of economic evaluations 
of CGA in a surgical setting has shown improved out-
comes while also reducing cost in patients with hip frac-
ture,36 and a Cochrane review of CGA in surgical patients 
is currently underway.37 We are currently investigating the 
effect of CGA and an elder-friendly care program in an 
acute general surgery patient population19 to see if we can 
improve outcomes in frail seniors.

Limitations

To our knowledge, this study is the first to examine a range 
of costs, including lost wages, in elderly patients following 
discharge after emergency surgery. However, though we 
conducted in-depth assessment of patient-reported sources 
of cost after discharge using a validated questionnaire, data 
collection did not include overnight care in rehabilitation 
programs or outpatient laboratory tests. Moreover, despite 
the size of the overall sample, subgroup analyses were lim-
ited by small sample sizes, as many patients declined to 
respond to questionnaires or were unavailable. It is possible 
that nonresponders included patients with increased frailty 
and length of stay, who were more likely to be transferred 
to higher levels of care at much higher cost; this would 
make follow-up more difficult and would result in our 
analy sis generating conservative estimates for costs. It is 
also possible that we did not identify any significant effect 
from complications because those who experienced compli-
cations (and consequently had longer lengths of stay) did 
not answer our questionnaire. We were also unable to 
assess cost associated with death postdischarge, as our sur-
vey was conducted at the final follow-up for the surgery or 
in patients who were managed conservatively by a surgical 
team because they did not meet our inclusion criteria. Fur-
ther microcosted analysis of all enrolled patients is planned 
when the EASE study is published. Despite collecting and 
assessing a comprehensive list of clinical and operative vari-
ables in-hospital, lower R2 and BIC values suggest that 
much of the variation between costs results from factors not 
controlled for in our models. Finally, some of our cost sub-
groups had only a small number of respondents who 
ex perienced a cost. This is commonly seen in cost analysis 

and has been controlled for within our analysis but does 
limit the interpretability of our results and may be a source 
of low R2 in our models.

conclusion

Understanding predictors and types of cost accrued follow-
ing surgical discharge in older patients is important to suffi-
ciently address rising health care expenditure and under-
stand the economic impact of surgery in elderly patients. 
Previous economic models to predict postoperative costs 
have mostly been unsuccessful.10 Our findings will be useful 
to physicians and policy-makers as they consider the finan-
cial burden experienced by patients and the attributes asso-
ciated with higher cost. First, frailty should be con sidered 
in prediction models of postdischarge costs. Second, inter-
ventions designed to reduce perioperative morbidity, and 
consequently length of stay and readmission, should con-
sider varying degrees of frailty and consider system costs as 
well as patient-borne costs among older adults, including 
lost productivity. Finally, this study highlights a need for 
further investigation of whether targeted interventions can 
reduce inpatient and postdischarge costs.
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