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Background: Existing literature demonstrating the negative impact of delayed hip frac-
ture surgery on mortality consists largely of observational studies prone to selection bias
and may overestimate the negative effects of delay. We conducted an intervention study
to assess initiatives aimed at meeting a 48-hour benchmark for hip fracture surgery to
determine if the intervention achieved a reduction in time to surgery, and if a general
reduction in time to surgery improved mortality and length of stay.

Methods: We compared time to surgery, length of stay and mortality between pre- and
postintervention patients with a hip fracture using the Kaplan-Meier estimator and Cox
proportional hazards model adjusting for age, sex, comorbidities, type of surgery and year.

Results: We included 3525 pre- and 3007 postintervention patients aged 50 years or
older. The proportion of patients receiving surgery within the benchmark increased
from 66.8% to 84.6%, median length of stay decreased from 13.5 to 9.7 days, and crude
in-hospital mortality decreased from 9.6% to 6.8% (all p < 0.001). Adjusted analyses
revealed reduced mortality in hospital (hazard ratio [HR] 0.68, 95% confidence interval
[CI] 0.57-0.81) and at 1 year (HR 0.87, 95%CI 0.79-0.96). Independent of the inter-
vention period, having surgery within 48 hours demonstrated decreased adjusted risk of
death in hospital (HR 0.51, 95%CI 0.41-0.63) and at 1 year postsurgery (HR 0.72, 95%
CI 0.64-0.80).

Conclusion: Coordinated, region-wide efforts to improve timeliness of hip fracture
surgery can successfully reduce time to surgery and appears to reduce length of stay
and adjusted mortality in hospital and at 1 year.

Contexte : La littérature actuelle qui démontre I'impact négatif d’un report de la chirurgie
pour fracture de la hanche sur la mortalité repose en bonne partie sur des études
d’observation sujettes a des biais de sélection et pourrait surestimer cet impact négatif. Nous
avons réalisé une étude interventionnelle pour évaluer des mesures visant a faire respecter un
délai maximum de 48 heures avant l'intervention pour fracture de la hanche afin de voir si
elles avaient effectivement raccourci le délai avant la chirurgie et si abrégement général du
délai avant la chirurgie avait réduit la mortalité et la durée du séjour hospitalier.

Méthodes : Nous avons comparé le délai avant la chirurgie, la durée du séjour hospita-
lier et la mortalité des patients victimes d’une fracture de la hanche avant et aprés
I'imposition des mesures, a I'aide d’un estimateur de Kaplan-Meier et d'un modele de
risques proportionnels de Cox, en tenant compte de I'dge, du sexe, des comorbidités, du
type de chirurgie et de 'année.

Résultats : Nous avons recruté respectivement 3525 et 3007 patients de 50 ans ou plus,
avant et apres 'imposition des mesures. La proportion de patients qui ont été opérés a
I'intérieur du délai préconisé a augmenté de 66,8 % a 84,6 %, la durée médiane du séjour
hospitalier a diminué de 13,5 a4 9,7 jours et le taux brut de mortalité perhospitaliére a
diminué de 9,6 % 2 6,8 % (tous, p < 0,001). Les analyses ajustées ont révélé une réduction
de la mortalité perhospitaliere (risque relatif [RR] 0,68, intervalle de confiance [IC] de
95 % 0,57-0,81) et a 1 an (RR 0,87, IC de 95 % 0,79-0,96). Indépendamment de la
période (avant ou apres 'imposition des mesures), le fait d’étre opéré dans les 48 heures
s’est accompagné d’une diminution du risque ajusté de mortalité en cours d’hos-
pitalisation (RR = 0,51, IC de 95 % 0,41-0,63) et dans I'année suivant la chirurgie (RR
0,72,1C de 95 % 0,64-0,80).

Conclusion : Des efforts coordonnés a ’échelle des régions visant a accélérer ’acces
a la chirurgie pour fracture de la hanche peuvent réduire avec succes le délai avant la
chirurgie et abréger le séjour hospitalier, en plus de diminuer la mortalité ajustée en
cours d’hospitalisation et apres 1 an.
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very year, nearly 30 000 Canadians older than 50 years

are admitted to hospital with an osteoporosis-related

hip fracture.! The incidence of hip fracture begins to
rise at age 50 and peaks in the eighth decade of life, with the
greatest proportion occurring in women.'? Following frac-
ture, mortality ranges from 4% at 1 month® to 33% at 1 year,
with approximately 70% of deaths at 1 year attributed to
the hip fracture.* Thus, in Canada there are an estimated
7000 deaths related to hip fracture every year.

Unless there is decision to palliate, the principal treatment
for hip fracture is surgery, using either internal fixation (IF)
or total hip arthroplasty (THA) according to fracture pat-
tern.’ The immediate goals of surgery include pain control,
early mobilization and avoidance of further complications.®®
In our health region, these surgical procedures were tradi-
tionally done after hours, competing with other acute and
emergent surgical cases for operating theatre time, which
frequently resulted in patients with hip fractures waiting sev-
eral days for surgery’ despite longstanding concerns about
the potential consequences of delay on postsurgical out-
comes, including mortality.'*!!

Efforts to reduce the morbidity and mortality associated
with hip fracture have focused on 2 main areas: fracture pre-
vention through falls reduction and osteoporosis treatment'”
and improved timeliness of surgery.!! Acknowledging the
risks associated with delayed hip fracture surgery, the 2004
Canadian First Ministers’ 10-Year Plan to Strengthen
Health Care established the path toward evidence-based
benchmarks and public reporting of wait times for hip frac-
ture surgery.” In 2005, this national benchmark was set at
48 hours from the time of patient admission to the time of
surgery.!* Two years later, the Canadian Institute for Health
Information (CIHI) released its national indicator report
showing that only 65% of patients in Canada met the
benchmark.? This report also showed that Manitoba had the
lowest percentage of patients receiving surgery within the
benchmark (53%).” Motivated by this report, in 2008 Mani-
toba Health and the Winnipeg Regional Health Authority
(WRHA) undertook a multifaceted year-long initiative to
improve the timeliness of surgery within the WRHA, culmi-
nating in a mandatory benchmark.

While many clinicians and administrators now accept that
unnecessary delays in hip fracture surgery result in poorer
outcomes, the current literature actually provides weak evi-
dence for the association between timely surgery and
decreased mortality because it comprises almost exclusively
nonintervention, retrospective observational studies that com-
pare patients who received timely surgery to those who did
not."!¢ The findings are therefore susceptible to selection
bias, as one would expect medically complicated patients to
have their surgery delayed while they undergo preoperative
investigations or treatments,'”'® thus tending to overestimate
the risk of death associated with delayed surgery. Published
prospective intervention studies are small and therefore
underpowered to detect differences in mortality.'**
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The purpose of the present study was to determine if our
improvement intervention achieved the intended reduction in
time to surgery and if a reduction in time to surgery improved
mortality and length of stay (LOS). We believe that this work
is unique in that it is, to our knowledge, the first adequately
powered intervention study that examines the association
between timely hip fracture surgery and mortality.

METHODS
Study design

We used a pre-/postintervention design using administra-
tive data to compare time to surgery, length of stay and
mortality in all patients admitted to our health region with
a hip fracture between January 2004 and March 2012.

Patient population

Our preintervention group consisted of all patients aged
50 years or older who were admitted to hospitals in the
WRHA with a hip fracture during the 48 months between
Jan. 1, 2004, and Dec. 31, 2007, inclusive. Our postinterven-
tion group consisted of all hip fracture patients aged
50 years or older who were admitted during the 39 months
between Jan. 1, 2009, and Mar. 31, 2012, inclusive. Patients
admitted during the year the improvement initiative was
being implemented (Jan. 1-Dec. 31, 2008) were excluded.
We obtained clinical, demographic and administrative data
from WRHA’s discharge abstract database (DAD) and mor-
tality data from the provincial client registry database. Hip
fracture diagnoses included were femoral neck, intertro-
chanteric and subtrochanteric fractures (ICD-10-CA codes:
$72.010, $72.080, $72.081, $72.090, $72.091, $72.100,
$72.101, S§72.190, S§72.200, & S72.900). To avoid possible
bias from excluding patients who may have died while wait-
ing for surgery, we included all patients with these fractures,
not just those who underwent surgery.

Setting

The WRHA is Manitoba’s largest health authority, serving a
large portion of the province’s population of 1.2 million
people.?! It includes 2 tertiary hospitals, 4 community hospi-
tals, 5 community health centres, personal care homes,
community-based health facilities and a number of clinical
and community programs. Canadian provinces each have a
single-payer health care system that provides all necessary
hospital, medical and surgical services; this characteristic
allows for a population-based study of all hip fracture patients.

Intervention

In late 2007, our year-long improvement intervention
began with a prospective audit of several hundred hip
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fracture patients by the WRHA surgical leadership and  Statistical analysis
Orthopaedic Standards & Quality Committee. The
audit revealed multiple sources of delay along the often
convoluted care trajectory of these frail patients en
route to surgery. Seven potential contributors to delay
in delivery of surgical care were identified, against
which actions were taken during the latter half of 2008

(Table 1).

We compared patient demographics, time to surgery,
mortality (in-hospital and 1-yr) and LOS between the
pre- and postintervention groups. We used the Student 7
test to compare means, the Wilcoxon rank-sum test to
compare medians and the y* test to compare proportions.
In-hospital and 1-year survival were assessed using the
Kaplan—-Meier estimator; the log rank statistic was used to
test for differences between the groups. The Cox propor-
tional hazards multiple regression model was used to esti-
mate risk of death with and without adjustment for the
covariates of age, sex, type of surgery and presence of co-
morbidities.'™* To control for possible pre-existing or
underlying changes in time to surgery and mortality, we
created a centred year of surgery variable that was also
included in the Cox model. Similar to the existing litera-
ture, we also stratified patients into those who received
surgery within 48 hours and those who did not. We com-
pared the in-hospital and 1-year mortality between these
2 groups using the same Cox multiple regression model.
The assumption of proportionality of the hazards function
for the Cox models was assessed graphically using the
Kaplan—-Meier survival functions, functional forms for
continuous variables and cumulative Martindale residuals
for categorical and dichotomous variables. We assessed
Schoenfeld residuals for any variables appearing to violate

Study outcomes

We compared the pre- and postintervention groups
based on the outcomes of time to surgery, LOS, in-
hospital mortality and 1-year mortality. Time to surgery
was defined as the interval between the time of hospital
admission and time of surgery. Prior to 2008, 2 of the
6 hospital sites did not consistently capture the exact
time of surgery, resulting in 1766 cases (50% of the pre-
intervention group) with a date but not an exact time of
surgery. For these cases, we used nonmissing surgery
time data, stratified by weekday and weekend, to esti-
mate the site’s missing data. We defined LOS as the
time from hospital admission to discharge for the hip
fracture stay, in-hospital mortality as a death associated
with the hip fracture that occurred during the hospital
stay, and 1-year mortality as death within 12 months of
the index admission. We calculated the Charlson

Comorbidity Index?**’ using the coding algorithm
reported by Quan and colleagues®* based on comorbid-
ities present at the time of admission. The Charlson
Index was then dichotomized into presence/absence of
comorbidities. Patients were also categorized according
to type of surgical procedure: internal fixation (IF) or
total hip arthroplasty (THA).

Table 1. Seven poten

actions taken to address sources of delay

sources of delay to surgical repair of hip fracture iden

proportional hazards assumptions, and Supremum tests of
functional form and the proportional hazards assumption
were also used. Hazard ratios (HRs) are reported along
with 95% confidence intervals (Cls). We carried out all
statistical analyses using SAS version 9.2 (SAS Institute).

The University of Manitoba Health Research Ethics
Board approved our study protocol.

2008 along with the

Potential sources of delay

Actions taken to address sources of delay

i) Time required to transfer patients from rural hospitals without surgical
facilities to WRHA hospitals with surgical facilities

i) Development of an orthopedic surgery coverage algorithm that matched WRHA
hospitals with rural hospitals and required WRHA hospitals to accept rural patients
regardless of bed availability

ii) Routing rural patients through the receiving hospital's emergency
department rather than going directly to the surgical ward

ii) Direct transfer of patients from rural hospitals’ emergency departments to the
surgical ward at the accepting hospital

iii) Availability of operating room time

i) Creation of additional daytime orthopedic trauma slates to accommodate
patients during regular working hours and clarification of prioritization rules so that
hip fracture patients who are “bumped” from surgery one day receive high priority
the next day

iv) Lack of uniform understanding among all care providers of the
association between delayed time to surgery and outcome

iv) Education in the form of combined orthopedics, anesthesia and internal
medicine rounds on the importance of timeliness of surgery and common reasons
for delay

v) Lack of consensus between surgeons and anesthesiologists about the
timing of surgery in patients on clopidogrel

v) A collaborative determination by the WRHA anesthesia and orthopedic
standards committees that clopidogrel in and of itself need not delay surgery

vi) Mandatory internal medicine consultations in order to be cleared for
surgery

vi) The use of internal medicine consultations only when a correctable serious
medical condition was identified preoperatively (e.g., an uncontrolled arrhythmia or
congestive heart failure)

vii) Difficulties repatriating patients to home hospitals after surgery,
resulting in a functional bed shortage for new patients

vii) WRHA surgery program collaborated with rural health regions to improve
repatriation of patients once fit for transfer following surgery

WRHA = Winnipeg Regional Health Authority.
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RESuULTS

We included 6542 patients in the study: 3535 in the pre-
intervention group and 3007 in the postintervention group.
"The mean age of patients was 81.4 = 10.1 years, 71% were
women and 37.2% had 1 or more comorbidities at the time
of admission. The postintervention group had a higher rate
of comorbidities and a higher proportion of patients who
underwent THA than the preintervention group (Table 2).

Comparison between the pre- and postintervention
groups demonstrated improvements in the proportion of
cases meeting the 48-hour benchmark, reduced LOS and
improved in-hospital crude mortality; however, the trend
toward improved 1-year crude mortality did not reach statis-
tical significance (Table 3). Older age, male sex, presence of
comorbidities and internal fixation of fracture (as opposed to
THA) were all associated with increased risk of death in
hospital and at 1 year (Table 4 and Table 5).

The observed reduction of crude in-hospital mortality
was confirmed using Kaplan—Meier survival curves (log
rank statistic p < 0.001; Fig. 1); the trend toward improved
crude mortality at 1 year still did not reach statistical sig-
nificance (log rank statistic p = 0.17; Fig. 2). However, once
adjusted for confounding variables, a significant reduction
in risk of death in the postintervention group was observed
both in-hospital (HR 0.68, 95% CI 0.57-0.81) and at 1 year
(HR 0.87,95% CI 0.79-0.96; Table 4 and Table 5).

Regardless of membership in the pre- or postinterven-
tion groups, once adjusted for the same confounders,
patients who received surgery within 48 hours had
decreased risk of death both in hospital (HR 0.51, 95% CI
0.41-0.63) and at 1 year (HR 0.72, 95% CI 0.64-0.80).

Discussion

Coordinated, multifaceted region-wide efforts to improve
the timeliness of hip fracture care can successfully reduce
the time to surgery. This reduction in time to surgery
appears to reduce both LOS and adjusted mortality in-
hospital and at 1 year.

We are aware of 3 other studies that incorporated a con-
trol group to study the effectiveness of similar interven-
tions.'”?*% These studies were limited by small sample sizes
and did not detect an effect on mortality. There are 2 impor-
tant considerations when interpreting the results of meta-
analyses'>!® evaluating the effects of surgery within 48 hours.
First, they mainly analyzed studies that included only patients
who underwent surgery, excluding surgical candidates who
died while awaiting surgery. Effects of delayed surgery on risk
of death would likely be underestimated as a result. Second,
they rely overwhelmingly on observational studies that simply
stratify patients into those who received timely surgery and
those who did not, thus overlooking the impact of delays in
medically complicated patients undergoing preoperative

Table 2. Demographic characteristics of pre- and postintervention groups

Group; mean + SD*

Preintervention,

Postintervention,

comorbidities, %

Characteristic n=3535 n = 3007 p value
Sex, % female 721 70.6 0.18
Age, yr 81.5+99 81.4+10.4 0.75
Men 78.6 +10.9 79.0+10.8 0.49
Women 82.6+92 82.4 +10.1 0.53
Femoral neck fracture, % 50.6 51.8 0.28
Arthroplasty, % 356.5 38.1 0.035
Patients with > 1 preadmission 34.9 39.8 < 0.001

SD = standard deviation.
*Unless otherwise indicated.

Table 3. Benchmark, time to surgery and crude mortality rate comparisons

Group; %*
Variable Preintervention Postintervention p value
% Meeting 48-h benchmark 66.8% 84.6% < 0.001
Median time to surgery, d 1.5 1.0 < 0.001
Median length of stay, d 13.5 9.7 < 0.001
In-hospital mortality (all patients) 9.6% 6.8% < 0.001
In-hospital mortality (only those 6.2% 4.6% 0.006
undergoing surgery)
1-yr mortality (all patients) 25.7% 24.0% 0.12
*Unless otherise indicated.
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investigations. This would tend to overestimate the risk of
death associated with delaying surgery. Our findings actually
support this overestimation: the adjusted HR for 1-year mor-
tality when we simply compared patients who received sur-
gery within 48 hours to those who did not (in essence an
observational study) was 0.51; when we reduced this selection
bias by comparing patients in the postintervention group to
the preintervention group, the adjusted HR for 1-year mor-
tality rose to 0.72. This is likely a more accurate assessment of
the effect of timely surgery on mortality. Other limitations of
the existing literature include the lack of a uniform definition
of surgical delay (24, 48 or 72 h) and variability in duration of
follow-up when determining mortality.

Our findings are generally consistent with those found by
Holt and colleagues® in their investigations from the Scot-
tish Hip Fracture Audit database. In their examination of
the association between patient and management variables
and risk of death in 18 817 patients, they found that older
age, male sex and preoperative comorbidities (assessed with
American Society of Anesthesiologists score) were all
strongly associated with greater risk of death. However, they
found that management variables, such as time to surgery
and seniority of surgeon and anesthesiologist, played a much
smaller role, with only the interval from fracture to surgery
(and not the interval between admission and surgery) and

Table 4. Hazard ratios for in-hospital mortality by intervention

period

HR (95% CI)
Variable Unadjusted Adjusted
Period (post v. pre) 0.73 (0.62-0.87) 0.68 (0.57-0.81)
Age, yr — 1.04 (1.03-1.05)
Sex (male v. female) — 2.05 (1.73-2.44)
Presence of comorbidities — 4.02 (3.34-4.84)
(=1v.0)
Procedure type (internal — 1.66 (1.37-2.01)
fixation v. arthroplasty)
Centred year of surgery (last — 0.91 (0.83-1.01)
v. first)
Cl = confidence interval; HR = hazard ratio.

Table 5. Cox analysis of hazard ratios for 1 year mortality risk

by intervention period

HR (95% CI)
Variable Unadjusted Adjusted
Period (post v. pre) 0.935(0.85-1.03)  0.87 (0.79-0.96)
Age — 1.05 (1.04-1.05)
Sex (male v. female) — 1.87 (1.69-2.07)
Presence of comorbidities — 2.57 (2.33-2.84)
(=1v.0)
Procedure type (internal fixation v. — 1.20 (1.08-1.33)
arthroplasty)
Centred yr of surgery (last v. first) —_ 0.98 (0.94-1.03)

Cl = confidence interval; HR = hazard ratio.
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seniority of anesthesiologist having a significant effect on
30-day and 120-day mortality, respectively. Their 2010
investigation'® involving 4284 patients and studying the
association between delays for medical reasons and mortality
found that patients with major clinical abnormalities were
more likely to have surgery delayed and had higher 30-day
mortality. If the abnormalities were corrected during the
delay, there was a trend toward increased 30-day survival
(odds ratio [OR] 1.69, p = 0.10); if they were not corrected,
delay further decreased 30-day survival (OR 0.44, p = 0.008).
After controlling for patient case mix factors, they were
unable to find a negative association between delay to sur-
gery and mortality. However, only 22.1% of their patients
had any sort of delay, and 96% of their patients went to the-
atre within 2 days of being deemed fit for surgery, thus
making it likely that the study was underpowered to detect
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Fig. 1: Kaplan—-Meier survival curves for in-hospital mortality
comparing survival rates before and after the initiative.
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Fig. 2: Kaplan—Meier survival curves for 1-year mortality comparing
survival rates before and after the initiative.
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the negative effect of delay. It is very likely that the improve-
ments we saw in the proportion of patients meeting bench-
mark (from 66.8% to 84.6%) was largely a result of reducing
unnecessary delays in medically fit patients.

We feel that our interventional study design incorporat-
ing a control group and a large sample size, using a consistent
48-hour Canadian benchmark, including patients who died
before surgery and adjusting analysis for both in-hospital and
1-year risk of death addresses many of the deficiencies that
exist in the current literature.

Limitations

Although our study adds to the existing literature by being
interventional and not observational in nature, we acknow-
ledge some limitations. The use of administrative data did not
allow us to exclude nonsurgical patients from our analysis.
However, since the majority of hip fracture patients are treated
surgically, with nonoperative treatment typically reserved for
the small proportion who are critically ill with very short life
expectancy,®® the latter group of patients would represent only
a small proportion and be unlikely to alter our findings. Fur-
thermore, the postintervention group had a higher rate of
comorbidities than the preintervention group (39.8% v.
34.9%), potentially increasing the proportion of patients who
were palliative and therefore strengthening our findings of
improved crude mortality with improved timeliness of surgery.
Although it is possible that changes in coding practice over
such a long timeframe studied could have resulted in the
comorbidity differences, the ICD-10 was fully implemented in
Manitoba by 2004,”” and we therefore feel this is unlikely. The
other difference between the 2 groups was the higher rate of
THA in the postintervention group. However, this difference
was not unexpected, given the slightly higher proportion of
femoral neck fractures in this group, combined with recent
trends toward increased use of arthroplasty for displaced fem-
oral neck fracture.>*** It is important to note that the possible
confounding effects of these differences between the groups
were controlled with the use of the Cox model.

We acknowledge that our decision not to compare
complications between the groups could be a critique.
Others have reported reductions in postoperative
complications with timely surgery,'® and the effects of
complication rates should ultimately be reflected in our
measures of mortality and LOS.

A possible shortcoming was the need for us to estimate the
exact time of surgery at 2 of the 6 hospital sites before 2008.
"This arose because only the date, and not the exact time, of
surgery was recorded in the DAD. As a face validity check of
the estimated times, we were reassured to find that weekend
cases typically occurred around noon, and weekday cases typ-
ically occurred around 4 pm. These estimations seem reason-
able. The times were comparable to sites with nonmissing
data; on the weekend hip fractures would be delayed until
midday by the more urgent cases that came in during the pre-
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ceding night, and on weekdays they would start at the end of
the elective slate. As a further check, we performed a sensitiv-
ity analysis by setting all the missing time data to 12 am — the
best possible scenario, although highly unlikely as hip fracture
cases are not typically started after midnight. In this best case
scenario, our overall findings did not change.

Finally, it is not possible for us to say with certainty
which of our intervention initiatives ultimately led to the
observed improvements, or to measure the effect of other
unrecognized changes on the improvements. It is possible
that at least part of the observed reduction in LOS is
attributable to improved repatriation of patients to their
home hospitals after surgery. Nonetheless, our findings of
reduced adjusted risk of death in those patients undergoing
surgery within 48 hours, regardless of time period, under-
score the role of timely surgery in reducing mortality.

Generalizability

Although the demographics of patients with a fragility frac-
ture of the hip are similar around the world,? it is difficult to
make direct comparisons of our patient demographics, LOS
and crude mortality rates owing to variations in methodology
and reporting among existing Canadian studies. Other
reports have excluded patients who died while awaiting sur-
gery, included younger patients'*® and relied on data for
LOS and comorbidity status that are collected and categor-
ized in a manner unique to their setting.'®?%3! Comparison of
crude rates to non-Canadian data presents similar challenges
and underscores the importance of comparing adjusted
analyses. Our findings of improved adjusted risk of death
both in-hospital (HR 0.68) and at 1 year (HR 0.87) are simi-
lar in magnitude to those found in meta-analyses using data
derived largely from studies without a control group. Moja
and colleagues® reported an OR of 0.74, while Simunovic
and colleagues's reported a relative risk of 0.81 with shorter
times to surgery. Despite the difficulties in making direct
comparisons, we feel that our findings have direct relevance
to jurisdictions with universal health care coverage.

CONCLUSION

Region-wide changes directed at meeting a 48-hour bench-
mark for hip fracture surgery can result in shorter time to sur-
gery, decreased LOS and improved in-hospital and 1-year
mortality. This has direct health implications for patients and
resource implications for the health systems and further high-
lights the need to overcome administrative delays for hip frac-
ture surgery.”” Adequately powered prospective studies that
examine the role of emergent versus urgent surgery are war-
ranted to provide further clarity around the exact timing of
surgery and its effect on complications and health system costs.
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