Hospital costs and factors associated with days alive
and at home after surgery (DAH,,)
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The known: A good recovery and return home after surgery
are important for both patients and the health care system.
The number of days at home — reduced by complications,
discharge to a care facility, re-admission, and death — can be
quantified as the “days alive and at home during the 30 days
after surgery” (DAH,).

The new: DAH,, was lower for women and older people, and
negatively associated with comorbidity, poor physical status,
complexity of surgery, and hospital costs.

The implications: As a highly practical proxy measure of
quality of care, DAH,, could be used to assess the overall
improvement in patient outcomes after surgery.
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care strive to provide high value surgical care,' reduce

the number of avoidable complications, and maximise
economic efficiency.”® Post-surgical com:plications increase
hospital length of stay and health care costs.”” Enhanced recovery
after surgery (ERAS) ?rograms aim to reduce complication rates
and health care costs.”

I Iospitals, governments, and private funders of health

Hospital length of stay is often used as a surgical outcome
measure and as a proxy for hospital costs. However, length of
stay does not take re-admissions into account, and is misleading
if cut short by in-hospital death,” premature discharge home,” or
early transfer to a residential care facility.9 Length of stay, despite
being a driver of hospital costs," is consequently an unreliable
measure of patient outcomes and quality of care."

The number of days alive and at home during the 30 days follow-
ing surgery (DAH,)) has been validated as a surgical outcome
measure in several countries.”'*" In a Swedish study, lower DAH,,
was associated with patients at higher medical risk, more complex
surgical procedures, and serious post-surgical complica’cions.9
The 12-month risk of death was seven times as high for people
with DAH,, of eight or fewer days as for other patients.” DAH,,
captures the impact of peri-operative complications, including
those not otherwise detected or reported in routine hospital data,
such as complications that develop after discharge from hospital.

However, the relationship between DAH,, and total hospital
costs has not been examined. We therefore evaluated DAH,, as a
potential measure of the quality of surgical care and of hospital
costs in the private health sector in Australia by assessing its
relationship with patient and surgical factors (criterion validity)
and hospital costs.

Methods

In our cohort study, we analysed de-identified data provided
by Medibank Private, the largest private health insurer in
Australia. The original data were prospectively collected during
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Abstract

Objective: To assess the relationships of patient and surgical
factors and hospital costs with the number of days alive and at
home during the 30 days following surgery (DAH,).

Design: Retrospective cohort study; analysis of Medibank Private
health insurance hospital claims data, Australia, 1)January 2016 -
31December 2017.

Setting, participants: Admissions of adults (18 years or older)
to hospitals for elective or emergency inpatient surgery with
anaesthesia covered by private health insurance, Australia,
1January 2016 - 31 December 2017.

Main outcome measures: Associations between DAH,, and total
hospital costs, and between DAH,, and surgery risk factors.

Results: Complete data were available for 126 788 of 181281
eligible patients (69.9%); their median age was 62 years (IQR,

47-73 years), 72 872 were women (57%), and 115117 had undergone
elective surgery (91%). The median DAH,, was 271 days (IQR, 24.2-
28.8 days), the median hospital cost per patient was $10 358 (IQR,
$6624-20 174). The association between DAH,, and total hospital
costs was moderate (Spearman p = -0.60; P<0.007). Median DAH,,
declined with age, comorbidity score, ASA physical status score,
and surgical severity and duration, and was also lower for women.

Conclusions: DAH, is a validated, patient-centred outcome

measure of post-surgical outcomes; higher values reflect shorter

hospital stays and fewer serious complications, re-admissions, and

deaths. DAH,, can be used to benchmark quality of surgical care

and to monitor quality improvement programs for reducing the
(osts of surgical and other peri-operative care.

private hospital admissions linked with health insurance
benefits provided to Medibank Private policy holders. Our
report complies with the Reporting of studies Conducted using
Observational Routinely collected health Data (RECORD)
guidelines."" Our study protocol and programming codes are
available on request.

Study population

We included data for all adult patients (18 years or older) with
Medibank Private health insurance who underwent inpatient
elective or emergency surgery with anaesthesia in Australian
hospitals (private and public) during 1 January 2016 — 31 December
2017. We included only the first admission for a surgical proce-
dure with anaesthesia for each patient. Patients who underwent
day case procedures and those living in residential care prior to
admission were not included.

Data source

A Medibank Private data analyst extracted and de-identified
the data,'” and password-protected and encrypted datasets
were transferred to a secure server at Monash University using
managed file transfer software (MOVEit, Ipswitch). All data
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were anonymised and the identities of surgeons and hospitals
not disclosed. Data were grouped by state and territory; because
of the low volume of activity, Northern Territory data were
combined with those for South Australia.

The dataset included hospital claims data, hospital casemix
protocol information, and Medicare Benefits Schedule (MBS)" data
related to diagnoses and interventions. Data fields included patient
demographic characteristics, American Society of Anesthesiologists
(ASA) physical status (Supporting Information, part 1), location
(state), admission and discharge details, re-admissions (planned
or unplanned) within 30 days of discharge, unplanned return
to theatre, intensive care admission, mode of separation (home,
rehabilitation, hospital transfer, nursing home, died), MBS item
numbers, and hospital and hospital-in-the-home charges.

We selected four high volume procedures, identified by MBS code,
for subgroup analysesw (primary knee arthroplasty, primary
hip arthroplasty, hemicolectomy, and prostatectomy), as well as
one low volume procedure (common femoral endarterectomy)
(Supporting Information, part 2).

Assumptions

It was assumed that the date of surgery was the date of hospital
admission and that the date difference between admission and
discharge for inpatient surgery admissions was at least one
day. Admission to hospital from a residential aged care facility
was indicated by the hospital admission mode. Discharge to
residential aged care facility was indicated by hospital separation
mode; subsequent admission to a residential aged care facility
after discharge could not be determined. Only in-hospital deaths
could be inferred from the dataset (hospital separation mode).

Variability

Unexplained variation in care was defined as a surgery-specific
median DAH, difference of one day or more, after adjusting for
all predictor variables, in any state or territory.

Criterion validity

Validity refers to whether DAH,; is an accurate measure of
peri-operative risk or outcome. DAH,, has face validity (ie, it is
subjectively regarded as an appropriate measure of quality of
care), and was associated with known patient risk and surgical
risk factors and with post-surgical complications in a Swedish
population (criterion validity).” We undertook criterion validity
evaluations in the Australian dataset by measuring associations
of DAH,, with patient age, ASA physical status, Charlson
comorbidity index score, emergency surgery, duration of surgery,
and need for post-surgical mechanical ventilation or other
intensive care.

Calculation of total hospital costs and DAH,,

Total hospital and associated health care costs for both the index
admission and re-admissions were derived from Medibank
Private data fields. This included all hospital charges (operating
room, high dependency/intensive care unit care, prostheses,
pharmacy, other), as well as additional charges for hospital-
in-the-home, coronary care unit, rehabilitation, and palliative
care. Doctors’ fees were not included, nor were government
reimbursements paid to private hospitals (daily accommodation
fees and additional payments based on casemix).

DAH,, was calculated using the published method (Supporting
Information, part 3).9 In brief, it is defined as 30 days less the

1 Patient-related and peri-operative characteristics for 181281
people who underwent inpatient surgery with anaesthesia in
Australia as private patients, 1)anuary 2016 - 31 December 2017

Complete Incomplete

Characteristic dataset dataset™
Number of patients 126788 54493
Age (years), median (IQR) 62 (47-73) 62 (42-73)
Sex

Men 53916 (43%) 22616 (42%)

Women 72872 (57%) 31877 (58%)
State/territory

Victoria 37784 (30%) 18 888 (35%)

Queensland 34210 27%) 13595 (25%)

New South Wales 26122 (21%) 12 454 (23%)

South Australia/Northern Territory 8314 (6.6%) 3098 (5.7%)

Western Australia 14273 (11%) 4196 (7.7%)

Tasmania 3538 (2.8%) 1341(2.5%)

Australian Capital Territory 2547 (2.0%) 921(1.7%)
Admission type

Elective 15117 (91%) 36880 (85%)

Emergency 11671(9.2%) 6488 (15%)

Unknown 0 11125
Hospital type

Private 125899 (99%) 48706 (94%)

Public 889 (0.7%) 3088 (6.0%)

Unknown 0 2699

DAH,, (days), median (IQR)
Charlson Comorbidity Index score (part A)

271(24.2-28.8) 269 (24.4-287)

0 98933 (78%) 43627 (80%)
1 17 714 (14%) 6669 (129%)
2 7525 (5.9%) 2938 (5.4%)
3 or more 2616 (2.1%) 1259 (2.3%)
ASA physical status
1 27118 (21%) 3568 (27%)
2 5419 (43%) 4851 (37%)
3 39632 (31%) 4090 (31%)
4 or more 5919 (4.7%) 723 (5.5%)
Unknown 0 41261
Surgical severity
Complex major 29195 (23%) 13760 (28%)
Major 59874 (47%) 21529 (44%)
Intermediate 36508 (29%) 13307 (27%)
Minor 1211 (1.0%) 417 (0.9%)
Unknown 0 5480
High dependency or intensive care unit
admission
No 122120 (96%) 52328 (96%)
Yes 4668 (3.7%) 2165 (4.0%)
Mechanical ventilation
No 126388 (100%) 54345 (100%)
Yes 400 (0.3%) 143 (0.3%)
Unknown 0 5
Unplanned theatre event 2573 (2.0%) 913 (1.7%)
Continues



1 Continued
Complete Incomplete
Characteristic dataset dataset*
Unknown 0 5
Operating time (minutes)
<30 11498 (91%) 10 622 (19%)
30-60 23698 (19%) 13387 (25%)
60-120 50948 (40%) 19536 (36%)
>120 40 644 (32%) 10 948 (20%)
Hospital cost, median (IQR) $10358 10 059
(56624-20174)  ($6147-155M)
* ASA physical status data not available. ASA = American Society of Anesthesiologists;
DAH,, = number of days alive and at home during 30 days after surgery; IQR = interquartile
range. ¢

numbers of inpatient hospital and nursing facility days and of
re-admission days. If a patient died within 30 days of surgery,
DAH,, was scored as zero, irrespective of whether they had
spent time at home.

Statistical analysis

The primary analysis included data for all eligible patients
with complete case data. We assumed that at least 1000
patients per high volume surgical group would provide more
than 90% power to identify clinically meaningful differences
in DAH,,.

DAH,,wasanalysed, by demographicand clinical characteristics,
using quantile regression.”® Given the large sample size, we
estimated confidence intervals using the asymptotic distribution.
Adjusted models included the variables age category, sex, ASA
physical status, location (state), Charlson comorbidity index
score (part A only)"” derived from International Classification of
Diseases, tenth revision, Australian modification (ICD-10-AM)
hospital codes (Supporting Information, (})art 4), surgery time
(quartiles), surgical urgency, surgical risk,” and any requirement

for higher dependency care (intensive care, coronary care, or
mechanical ventilation).

Given the high proportion of incomplete data for ASA physical
status, we undertook a second analysis in which we applied a
general missing data approach combining imputation analysis
and inverse probability weighting,”" using the R MultiRobust
package.” For this analysis, we were required to dichotomise
ASA physical status scores (ie, 1 or 2 v 3 or 4). Patient age was
treated in two different ways: first, grouped into deciles for
people aged 40 years or more, with 18—40 years the reference
category; second, B-splines were used to avoid categorisation
and to relax the assumption of linearity with age.”” A similar
strategy was applied to duration of surgery.

The association between DAH,; and total hospital costs was
quantified with the Spearman rank correlation coefficient (p).
We also analysed the association after log-transforming total
hospital costs, using the geometric mean for DAH,,.

All analyses were performed in R 411 (R Foundation for
Statistical Computing). All tests were two-sided (o = 0.05) and
uncorrected for multiple comparisons.

Ethics approval

Medibank Private and the Alfred Hospital Ethics Committee
(736/19) approved our study.

Results

Of 2213760 Medibank Private records (1 January 2016 —
31 December 2017), 181281 were eligible for our analysis
(Supporting Information, figure 1). ASA physical status data
were missing for 54493 patients (30.1%); summary patient-related
and peri-operative characteristics were similar for complete and
incomplete cases (Box 1). The median age of the 126788 patients
included in our complete case analysis was 62 years (interquartile
range [IQR], 47-73 years), 72872 were women (57%), and 115117
had undergone elective surgery (91%). The median hospital cost
was $10358 (IQR, $6624-20174) per patient (Box 1); the median
DAH,, was 271 days (IQR, 24.2-28.8 days) (Box 2).

DAH,, and patient and surgical factors

In the complete case analysis, median DAH,,
declined with age, comorbidity score, ASA
physical status score, and surgical severity, and
was lower following emergency admissions,
longer duration (greater than 120 minutes) or
more extensive surgery, and was also lower for
women. The median DAH,, varied between
states, including after adjusting for casemix, but
the differences were not clinically significant
(ie, they were less than one day) (Box 3). In the
multiple imputation analysis, median DAH,, was
lowest for patients aged 80 years or more, who had
ASA physical status scores of 3 or 4, who required
emergency surgery or post-surgical mechanical
ventilation for more than 24 hours, or who were
admitted to intensive care for more than 24 hours
(Box 4).

The impact of most patient and surgical

2 Distribution of numbers of days alive and at home during the 30 days
following surgery (DAH;,) for 181281 people who underwent inpatient
surgery with anaesthesia in Australia as private patients, 1)anuary 2016 -
31 December 2017
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characteristics on median DAH,, was greatest
at extreme values (Supporting Information,
figure 2). Secondary analyses of median DAH,,
using B-spline regression for age or duration
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(adjusted) quantile regression analysis

Variable/term

3 Estimated median days alive and at home during the 30 days following surgery (DAH,): univariate (unadjusted) and multivariate

Estimated difference (days) (95% Cl)

Univariate analysis

Multivariate analysis*

Intercept
Patient age (continuous) per year (v59 years)
ASA physical status (v 1)
2
3
4 or more
Sex (women)
State (v Victoria)
Australian Capital Territory
New South Wales
Queensland
South Australia/Northern Territory
Tasmania
Western Australia
Emergency admission
Public hospital
Charlson comorbidity score (part A) (v 0)
1
2
3 or more
Surgical severity (vminor)
Intermediate
Major
Complex major
High dependency or intensive care unit admission
Mechanical ventilation
Unplanned theatre event
Operating time (minutes) (v <30)
30-60
60-120
>120

-0.045 (-0.046 to -0.044)

-0.65 (-0.72t0 -0.58)
.86 (195 t0-1.77)
716 (-7.46 t0 -6.86)

-0.76 (-0.82 to-0.69)

0.41(0.05t0 0.76)
0.05(0.01t0 0.08)
0.24 (017 t0 0.32)
0.12 (0.07 to 018)
-0.05(-0.10 to -0.01)
0.89 (0.86 to 0.92)
-2.83(-3.02 to -2.65)
128 (-1.67 to -0.88)

-0.58 (-0.64t0-0.52)
139 (148 t0 -1.29)
-6.33 (716 t0 -5.49)

0.750 (0.68 to 0.82)

124 (133 to -115)
217 (-2.26 t0-2.07)
-9.85 (-10.19 to -9.51)

271 (-271t0 -27.0)
-0.88 (-1.20 t0-0.55)

0.94 (0.83 10 1.04)
0.61(0.50 to 0.71)
133 (143 t0-1.22)

28.46 (28.36-28.55)

-0.023(-0.024 t0 -0.022)

0.002 (-0.02 t0 0.03)
~0.47 (-0.52t0 -0.42)
-1.93 (-2.16 to -1.70)
~0.44 (-0.46 to -0.41)

0.22 (013 to 0.30)
0.06 (0.02 to 0.10)
0.268 (0.23 10 0.29)
0.12 (0.06 to 0.17)
0.01(-0.05t0 0.08)
0.22 (019 t0 0.25)
219 (-2.32t0-2.06)
-0.16 (~0.52 t0 0.19)

~0.14 (-018 to-0.10)
-0.14(-0.23t0 -0.05)
-2.81(-3.25t0-2.36)

0.18 (010 to 0.25)
-1.07 (4115 to -0.99)
4110 (119 to -1.02)
-6.79 (710 to -6.48)
145 (14,8 to -141)

-0.63 (-0.82t0 -0.44)

0.27 (0.22t0 0.32)
0.005 (-0.04 to 0.05)
-1.00 (-1.06 t0-0.94)

* Adjusted for all other variables in table. ASA = American Society of Anesthesiologists; Cl = confidence interval. ¢

of surgery yielded similar results to the primary analysis,
but with evidence of non-linearity (Supporting Information,
figures 3 and 4, table 1).

The missing ASA physical status (dichotomised) data analysis
also yielded similar findings (Supporting Information, table 2).
Multivariate quantile regression analysis of the 25th centile
and 75th centile identified similar effects for most variables
(Supporting Information, table 3). The relationships between
patient and peri-operative risk factors and DAH,, differed
between the one low volume and four high volume procedures
assessed (Supporting Information, table 5, figures 5-9).

Association of DAH,, with hospital costs

We detected a moderate association between DAH,, and total
hospital cost (p = —-0.60; P<0.001) (Box 5). Using the geometric
mean estimated in the multivariate model of DAH,, and total
hospital costs, the coefficient for DAH,, was 0.958 (95% CI,

0.957-0.959) (Supporting Information, table 6); that is, a one-day
increase in time at home was associated with a mean reduction
in total hospital cost of 4.2% (95% CI, 4.1-4.3%).

Discussion

In our analysis of Medibank Private data for private sector
inpatient surgical care in Australia, the median DAH,, for
patients was 27.1 days, and lower DAH,, was associated with
higher total hospital costs. Our study is the first to examine the
association of DAH,, with health economic outcomes and to
examine the potential of DAH, as a quality-of-care metric. The
strong associations with patient and surgical risk factors in our
study affirmed in Australian private hospital care the criterion
and predictive validity of the DAH,, reported overseas.’

About two-thirds of elective surgery in Australia is undertaken
in the private hospital system.”” The dataset we analysed



4 Estimated days alive and at home during the 30 days following surgery (DAH,,): multivariate quantile regression/complete case
analysis (green) and following multiple imputation (red), with 95% confidence intervals
Age (years) 40-50 - s
50-60 - b
60-70 - :
70-80 - :
Over 80 - 0=
ASA physical status (v1or 2) 3or4 . S
Sex Women . 0.
State (v Victoria) Australian Capital Territory . :
New South Wales . :
Queensland . ;0—
South Australia/Northern Territory . .cj
Tasmania L
L
Western Australia —o
-o-|
Admission type Emergency admission ° ‘
L]
Hospital type Public hospital M
Charlson comorbidity index (v 0) [N [ 4
5 1
. e
.
3 ormore &
Surgical severity (v minor) Intermediate &
| '
Major ﬂo
.
Complex major | .ﬂ
Treatment required High dependency/ s H
intensive care unit admission - : “
Mechanical ventilation - i
Unplanned theatre event - '. u
Operating time (min) (v < 30) 30-60 - '.}H
60-120 . &
>120 . ‘“.
‘ ‘ ‘ P
15 1N -8 n
ASA = American Society of Anesthesiologists physical status classification. 4

includes hospitals from across Australia, and analysing patient-
rather than hospital-level data means that a diverse range of
private hospitals were represented, differing in size, location,
and ownership. On the other hand, we could not assess between-
hospital variability in costs that could influence the relationship
between DAH,; and costs.

Unexplained variation in DAH,, as a quality indicator for
surgical care requires further investigation, including the
influence of surgical specialty and local practice patterns.
Without hospital-level data, we could analyse risk-adjusted
variation in DAH,, only at the state/territory level. We plan to
re-examine in a future analysis of Medibank Private data our
definition of unexplained variation at the hospital and surgeon
levels. The private health insurance dataset is ideal for this
purpose because it includes patient-level data from across the
Australian private healthcare system, obviating the need for
data linkage to obtain a similar dataset for the public hospital
system, capturing multiple admissions at different hospitals.
The performance of individual surgeons can vary between
hospitals, and future analyses need to take this interaction into
account.

As our quantile regression analysis indicates, the decline in
DAH,, with patient age is not linear, but accelerates markedly
for people older than 70 years of age. The effect of surgery
duration for patients in the highest DAH,, quartile was similarly

non-linear. Median DAH,; declined with patient age, the number
and severity of comorbid conditions, and declining functional
status, and was also lower for women. Surgical factors associated
with lower DAH,, included more extensive or emergency
surgery, surgery duration longer than two hours, unplanned
return to the operating theatre, high dependency or intensive
care unit admission for 24 hours or more, and post-surgical
mechanical ventilation for 24 hours or more. The directions of
the covariate effects were consistent with clinical experience,
providing compelling evidence for face and construct validity,
and consistent with other studies.”'*** The differences in DAH,,
highlight the cumulative physical deconditioning and economic
cost associated with post-surgical complications in people at
high medical risk.

Limitations

Analysing a dataset from the largest Australian private health
insurer, one major purpose of which is to capture potentially
recoverable costs, was appropriate for our research question. Its
national coverage, our use of quantile regression to model the
full range of DAH,, values, and assessing the differential effects
of covariates across this range rather than modelling the mean
or median values alone, were strengths of our study.

However, the Medibank Private dataset was not designed for
research purposes, and may overestimate the total costs of
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5 Total hospital costs and the number of days alive and at home in the

of operating theatre costs, complexity of surgery,
and need for intensive care, and will consequently
vary widely.

In Australia, 44% of people have private hospital
insurance, and insurance status varies with age,
residential location, and socio-economic status.?
As private health insurance datasets do not capture
re-admissions to public hospitals (unless the patient
makes a claim on their private health insurance),
re-admissions may be under-reported, leading to
overestimation of DAH,,.

Conclusion

DAH,, is a validated, patient-centred outcome
measure of post-surgical outcomes; higher values
reflect shorter hospital stays and fewer serious
complications, re-admissions, and deaths. DAH, is
a practical proxy measure of cost-effective quality
of care and unexplained variation, supporting its
utility as an indicator of the quality of surgical care
in Australia.

30

* Each black point represents a single patient admission. p =-0.60; P< 0.001 @

surgical care. Shortcomings of administrative datasets include
the possibility of misclassification (eg, comorbidity scores
were derived from hospital coding information), unmeasured
confounding (factors not covered by the dataset could not be
included in our analyses), and missing data. We could impute
missing values for ASA physical status, but other factors were
omitted altogether, including physician fees and the costs of
re-admissions to public hospitals not reimbursed by Medibank
Private. The minimum private health insurance benefit for
hospital accommodation is $420 per bed-day for surgical
patients, or $453 per bed-day for advanced surgery (for the first
14 days).” Other costs not captured by our methodology are thus
likely to at least double our calculated cost of each additional
day in hospital attributed to complications, strengthening the
association between DAH,; and total cost of care. Hospital costs
are front-weighted (ie, are highest on the day of surgery) because
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