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Background: Surgical audit, sometimes including public reporting, is an important foundation of high quality
health care. We aimed to assess the validity of a novel outcome metric, days at home up to 30 days after surgery,
as a surgical outcome measure in clinical trials and quality assurance.
Methods: This was a multicentre, registry-based cohort study. We used prospectively collected hospital and na-
tional healthcare registry data obtained from patients aged 18 years or older undergoing a broad range of surger-
ies in Sweden over a 10-year period. The association between days at home up to 30 days after surgery and
patient (older age, poorer physical status, comorbidity) and surgical (elective or non-elective, complexity, dura-
tion) risk factors, process of care outcomes (re-admissions, dischargedestination), clinical outcomes (major com-
plications, 30-day mortality) and death up to 1 year after surgery were measured.
Findings: From January, 2005, to December, 2014, we obtained demographic and perioperative data on 636,885
patients from 21 Swedish hospitals. Mortality at 30 days and one year was 1.8% and 7.3%, respectively. The me-
dian (IQR) days at home up to 30 days after surgery was 27 (23–29), being significantly lower among high-risk
patients, those recovering from more complex surgical procedures, and suffering serious postoperative compli-
cations (all p b 0.0001). Patients with 8 days or less at homeup to 30 days after surgery had a nearly 7-fold higher
risk of death up to 1 year postoperatively when compared with those with 29 or 30 days at home (adjusted HR
6.78 [95% CI: 6.44–7.13]).
Interpretation:Days at home up to 30 days after surgery is a valid, easy tomeasure patient-centred outcomemet-
ric. It is highly sensitive to changes in surgical risk and impact of complications, and has prognostic importance; it
is therefore a valuable endpoint for perioperative clinical trials and quality assurance.
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the Australian National Health and Medical Research Council (PM).
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1. Introduction

High quality surgery and perioperative care minimises preventable
complications and improves the patient experience after surgery, low-
ering health care costs [1–6]. Medical research, and in particular clinical
trials, make an important contribution to these goals [7]. Outcomemea-
sures should be patient-centred [1,4], while simultaneously valid, reli-
able and clinically meaningful in order to inform best practice [8–11].
perative Medicine,
rne, Victoria 3004,
While postoperative complications occur too frequently, not all are seri-
ous andmost can bemanaged to avoid early death or long-term patient
harm [12]. It is unlikely that measuring complications alone fully cap-
tures the patient experience or eventual recovery after surgery. Collec-
tion and reporting of data on the quality of health care is expensive in
terms of both time and resources [13,14].

Hospital length of stay, by itself, is an inadequate measure of the suc-
cess of surgery [15]. Patients discharged too early or in poor condition are
more likely to require re-admission [16]. Premature hospital discharge
may also be associated with increased 30-day mortality [17]. These out-
comes may be masked by a reported reduction in hospital length of
stay. Conversely, perioperative complications prolong hospital stay.
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Research in context

Evidence before this study

In 2017, Myles and colleagues published a retrospective study
of clinical trial data (7 trials, 2109 patients) demonstrating that
the number of days at home within 30 days of surgery (DAH30)
was a valid outcome metric that integrates length of hospital
stay, re-admission, discharge to a nursing facility, and death up
to 30 days after surgery, and was associated with higher risk sta-
tus and serious complications after surgery. However, this was a
single-centre study with incomplete discharge destination data,
and there was no longer-term follow-up.

Added value of this study

In this analysis of hospital and national healthcare registry
data that included 636,885 adults undergoing elective and non-
elective surgery, the number of postoperative days at home up
to 30 days after surgery was lowest in patients at higher surgical
risk and in those with complications. Patients with 8 days or less
at home up to 30 days after surgery had a higher risk of death
up to 1 year postoperatively when compared with those with 29
or 30 days at home (adjusted HR 6.78, 95% CI: 6.44–7.13). There
was an incremental increase in 30-day complication rates, andde-
crease in 1-year survival, as days at home decreased.

Implications of all the available evidence

DAH30 is a valid and readily-obtainable generic patient-
centred outcome measure. It is highly sensitive to comorbidity
burden, differences in surgical risk, process of care outcomes,
and impact of perioperative complications, and is associated
with mortality up to 1 year after surgery. DAH30 is an ideal,
patient-centred outcome measure for perioperative clinical trials
and quality assurance. In addition, DAH30, as numerical data, pro-
vides greater statistical power and so can reduce the sample size
required to evaluate new treatments in perioperative practice. Fu-
ture studies should elucidate the value of DAH30 in surgical audit.
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Some major complications result in early death or patient discharge to a
nursing facility. Surgical or serious illness outcomes leading to loss of
the ability to live independently is amajor concern for the elderly [18,19].

An ideal healthcare quality indicator should be valid, reliably col-
lected, and also reflect the patient perspective [1–3,9]. Avoiding extra
days in hospital after surgery or acute illness is highly valued by most
patients [4,19–23]. Accordingly, home days, home-to-home days [24],
and days alive and out of hospital [25–28] are related metrics that
have been suggested to characterise the overall success of healthcare.
We previously devised a modification of these metrics for the surgical
setting, validating “days at home up to 30 days after surgery” (DAH30)
[29]. Our initial study was done in a single-centre in Australia, where
we did not have complete and reliable data on post-acute care
hospitalisation or longer term survival. In the current study, we aimed
to demonstrate criterion and broader predictive validity of DAH30, this
time using Swedish national health system data.

2. Methods

2.1. Study Design and Participants

This was a multicentre cohort study using prospectively collected
data from 21 Swedish hospitals. The study was approved by the Re-
gional Ethics Committee of Stockholm, Sweden, which waived the
need for informed consent from participants. We included patients
aged 18 years or older who underwent elective or non-elective inpa-
tient surgery. We excluded patients who were resident in a nursing
home or other nursing facility immediately prior to surgery.

2.2. Data Sources

Data were obtained from Swedish hospitals that used the Orbit sur-
gical planning system (EVRY, Stockholm, Sweden) from January 2005 to
December 2014. Mandatory Orbit data include Swedish personal iden-
tity number, patient demographics, elective or non-elective status,
type, extent and duration of surgery. The annual number of patients re-
ported in Orbit at each participating hospital is detailed in e-table 1 in
the online appendix. We further excluded patients lacking 30-day
follow-up data, those with invalid surgery codes, and those in whom
the Orbit coding did not match the code in the national inpatient regis-
try (IPR) (Fig. 1).

Orbit data were matched with the Swedish death registry and the
National Inpatient Registry (IPR), using the unique 10-digit Swedish
identity number assigned after birth or immigration [30]. The Swedish
death registry includes the deaths of all Swedish citizens and residents
with a national identity number; it is highly reliable with over 99% of
all deaths recorded [31]. The IPR provided data on baseline health up
to five years prior to the index surgery, allowing us to calculate the
Charlson comorbidity index using ICD codes [32]. Additionally, the IPR
contained index hospital admission and discharge dates, re-admission
(and subsequent discharge) dates, and major complications following
surgery. The IPR has high sensitivity for most surgical procedures, and
current data suggest that the overall positive predictive value of diagno-
ses in the registry is approximately 85–95% [33]. The IPR provided data
on hospital admission source and discharge destination, including
whether patients were admitted from and discharged to their own
home, another hospital or a nursing facility. No data were available on
admission to a rehabilitation facility after surgery or any associated
length of stay.

The American Society of Anesthesiologists physical status (ASA-PS)
describes patients' baseline health prior to surgery, where I = a normal
healthy patient, II= a patientwithmild systemic disease, III= a patient
with severe systemic disease, IV = a patient with severe systemic dis-
ease that is a constant threat to life, and V = a moribund patient who
is not expected to survive without the operation [34]. The Charlson co-
morbidity index predicts 10-year mortality according to a patient's co-
morbid conditions; each condition is assigned a score of 1, 2, 3 or 6
depending on the associated risk of death [32]. The detection and
reporting of complications was part of routine clinical care at each hos-
pital and reported to the IPR in accordance with standard practice in
Sweden.

2.3. Calculation of DAH30 and DAH90

DAH30was calculated as previously described [29]. In short, DAH30 is
calculated from the date of index surgery (Day 0) using hospitalisation
and mortality data. The date of surgery and hospital discharge date are
used to calculate hospital length of stay (ignoring any days in hospital
prior to the index surgery). If a patient died in hospital or after discharge
on any daywithin the first 30 days after surgery, the patient is assigned
0 DAH30; if a patient was discharged from hospital on Day 5 after sur-
gery but was subsequently readmitted for 5 days before their second
hospital discharge, then the patient would be assigned 20 DAH30. Post-
operative days in a post-discharge nursing facility were not counted as
days at home.

Given that major postoperative complications may impact patients
beyond day 30, we also evaluated days at home up to 90 days after sur-
gery (DAH90). Data on discharge destinationwere obtained from the IPR
(e-tables 2 and 3 in the online appendix). We did not have data on the
number of days spent in a rehabilitation facility before eventual



Fig. 1. Patient flow.
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discharge home, and as such only the hospital inpatient stay contrib-
uted to the calculation of DAH30 and DAH90 in this study.

2.4. Validity Testing

In the present context validity refers to whether DAH measures
what it purports to measure: known associations with quality of care.
DAH30 clearly has face validity because of its composition and patient-
centeredness. We thus focussed on assessing criterion validity, and
tested DAH30 in multiple ways: (i) association with known patient
risk factors (age, ASA-PS, and Charlson comorbidity index); (ii) associa-
tionwith surgical risk factors (elective/non-elective status, duration and
extent of surgery); (iii) association with process of care outcomes
(length of stay, re-admissions, discharge destination); and (iv) associa-
tionwith clinical outcomes (major postoperative complications and 30-
day mortality).

2.5. Predictive Validity

We evaluated predictive validity of DAH as a quality metric for long-
termmortality after surgery. We correlated DAH30 with one-year mortal-
ity, after excluding patients who died within 30 days of surgery and after
adjustment for the patient and surgical risk factors detailed in Table 1.

2.6. Supplementary Analyses

To further test the criterion validity of DAH30 as an outcomemetric, we
undertook two supplementary analyses using proxies for high-quality ver-
sus poorer-quality perioperative care. Firstly, we compared DAH30 in pa-
tients who had undergone elective open aortic aneurysm surgery to
those who underwent endovascular repair. Endovascular repair has been
shown to reduce short-termmortality [35], complications [36], and hospi-
tal length of stay [37]. We thus hypothesised that DAH30 would be higher
in patients undergoing endovascular repair compared to open repair.

Secondly, we compared DAH30 in patients who had undergone elec-
tive hip or knee arthroplasty in two high volume specialised orthopae-
dic hospitals (Trelleborg County Hospital and Hässleholm County
Hospital) to those who underwent the same procedures in a university
hospital setting (the two sites of Karolinska University Hospital, Solna
and Huddinge). Trelleborg and Hässleholm County Hospitals have sim-
ilar perioperative care strategies, restricting admission to low-risk pa-
tients (a majority being ASA-PS 1 or 2) without serious comorbidity,
thereby facilitating a very high degree of standardisation of care. Pa-
tients receive a standardised perioperative care pathway typically in-
cluding admission on the day of surgery, regional anaesthesia and
multimodal opioid-sparing postoperative analgesia.Mobilisation occurs
within 2 h of surgery and patients are often discharged on the first or
second postoperative day. In contrast, patients in the university hospital
setting are a heterogeneous population with multiple comorbidities,
often corresponding to ASA-PS 3 or 4. Further, the university hospital
population contains patients referred from other hospitals due to pre-
existing coagulation abnormalities or the need for admission to inten-
sive care after surgery. Consequently, patients at university hospitals re-
ceive more individualised perioperative care, including complex fluid
management and more frequent blood transfusion. Duration of surgery
is approximately 40% longer than at the specialised orthopaedic hospi-
tals. We thus hypothesised that DAH30 would be higher in the
specialised orthopaedic hospital setting.

Additionally, we compared the statistical efficiency of DAH30, hospi-
tal length of stay, 30-day mortality, and a composite of 30-day compli-
cations and mortality. We used the observed difference between
elective aortic stent graft and open aortic surgery for each metric as a
proxy for a clinically important improvement in surgical performance
- a typical goal in surgical audit and quality improvement, or when eval-
uating new interventions in a perioperative clinical trial. A key aspect of
clinical trial design is sample size calculation, andwe used observed dif-
ferences between both aortic surgery interventions to model this. For
surgical audit, given that individual surgeons typically undertake only
2 to 5 specific major operative procedures each week, we modelled
how long it would take before underperformance (poor outcomes)
was detected if using an alert level of 1% (i.e. crossing a p b 0.01 bound-
ary in a quality outcome analysis [38]).

2.7. Statistical Analysis

Descriptive data are presented as medians with IQR or frequencies
with proportions. The p values for difference in DAH30/DAH90 by patient
age, sex, ASA-PS, comorbidity, operation by organ type, and duration of



Table 1
Patient and perioperative characteristics with respect to days at home up to 30 days after surgery (DAH30).

DAH30 Still hospitalised
on Day 30

Hospitalised up to Day
30 and readmitted

Died within 30
days of surgery

Characteristic No. of Individuals Mean (SD) Median (IQR) P value N % N % N %

Total (All) 636885 24 (7.6) 27 (23–29) 34688 5.4 14889 2.3 11451 1.8
Non-elective surgery 208041 22 (9.1) 26 (19–28) 16062 7.7 5686 2.7 7868 3.8
Elective surgery 428844 25 (6.6) 27 (24–29) 18626 4.3 9203 2.1 3583 0.8
Operation by organ system b0.0001

01 Nervous system 41669 20.4 (10) 25 (15–28) 5842 14 1582 3.8 1146 2.8
02 Endocrine, Breast 35925 27.9 (2.7) 29 (28–29) 392 1.1 333 0.9 36 0.1
03 Eyes 9989 28.0 (3.1) 29 (28–29) 190 1.9 171 1.7 18 0.2
04 Ear, Nose, Throat, Jaw 36964 27.9 (3.8) 29 (28–29) 718 1.9 468 1.3 63 0.2
05 Heart, Major vessels 20893 20.7 (9.1) 23 (16–29) 1630 7.8 613 2.9 590 2.8
06 Lung, Trachea 7257 17.9 (10) 22 (11–26) 1115 15.4 270 3.7 474 6.5
07 Gastrointestinal 109503 23.1 (8.4) 27 (21–29) 7093 6.5 3025 2.8 2805 2.6
08 Urology, Sex organs 101555 26.4 (5.0) 28 (26–29) 2817 2.8 2080 2 529 0.5
09 Obstetrics 55410 26.8 (2.1) 27 (26–28) 156 0.3 121 0.2 10 0
10 Musculoskeletal 169430 22.3 (7.9) 25 (20–27) 9558 5.6 3741 2.2 4064 2.4
11 Peripheral vessels, lymphatics 24007 23.3 (8.3) 27 (22–29) 1861 7.8 971 4 648 2.7
12 Other surgeries 24283 21.4 (10) 27 (17–29) 3316 13.7 1514 6.2 1068 4.4

Age, years b0.0001
01 18–29 64230 26.9 (4.7) 28 (27–29) 1390 2.2 608 0.9 90 0.1
02 30–39 74623 26.6 94.5) 28 (26–29) 1477 2 689 0.9 109 0.1
03 40–49 66447 25.9 (6.1) 28 (26–29) 2551 3.8 1100 1.7 258 0.4
04 50–59 83864 24.9 (7.0) 28 (24–29) 4325 5.2 1832 2.2 678 0.8
05 60–69 132007 23.9 (7.6) 27 (23–29) 8131 6.2 3471 2.6 1818 1.4
06 70–79 121375 22.6 (8.3) 26 (21–28) 8709 7.2 3692 3 2778 2.3
07 80–89 78229 20.2 (9.3) 23 (16–28) 6696 8.6 2878 3.7 3916 5
08 90+ 16110 17.4 (9.9) 20 (11–26) 1409 8.7 619 3.8 1804 11.2

Sex b0.0001
01 Male 268921 23.5 (8.3) 27 (22–29) 17996 6.7 7496 2.8 6051 2.3
02 Female 367964 24.4 (7.1) 27 (24–29) b0.0001 16692 4.5 7393 2 5400 1.5

Duration of surgery b0.0001
01 Up to 59 minutes 254846 25.1 (7.3) 28 (25–29) 12519 4.9 6201 2.4 5233 2.1
02 60 minutes or more 382039 23.2 (7.8) 26 (22–28) 22169 5.8 8688 2.3 6218 1.6

ASA physical status b0.0001
Missing 167851 01 1 137691 27.1 (3.7) 28 (26–29) 01 1 137691
01 1 137691 27.1 (3.7) 28 (26–29) 02 2 200985 24.9 (6.1) 27 (24–29) 02 2 200985
02 2 200985 24.9 (6.1) 27 (24–29) 03 3 119278 20.1 (9.5) 24 (16–28) 03 3 119278
03 3 119278 20.1 (9.5) 24 (16–28) 03 4 11080 11.5 (11) 11 (0–22) 03 4 11080
03 4 11080 11.5 (11) 11 (0–22) 01 1 137691 27.1 (3.7) 28 (26–29) 01 1 137691

Charlson comorbidity index 1 year including cancer b0.0001
01 0p 399016 25.1 (6.6) 27 (25–29) 14534 3.6 5506 1.4 4130 1
02 1p 44287 22.2 (8.6) 26 (20–28) 3249 7.3 1332 3 1238 2.8
03 2–3p 128415 23.3 (8.1) 27 (22–29) 8800 6.9 4298 3.3 2569 2
04 4p– 65167 20.1 (10) 24 (15–28) 8105 12.4 3753 5.8 3514 5.4

Charlson comorbidity index 1 year excluding cancer b0.0001
01 0p 382464 25.3 (6.3) 27 (25–29) 12294 3.2 4492 1.2 3387 0.9
02 1p 42343 22.3 (8.5) 26 (20–28) 2950 7 1196 2.8 1096 2.6
03 2–3p 57464 22.6 (8.4) 26 (20–29) 4147 7.2 1886 3.3 1383 2.4
04 4p– 32435 20.2 (9.8) 24 (15–28) 3862 11.9 1677 5.2 1468 4.5

Charlson comorbidity index 5 year including cancer b0.0001
01 0p 337329 25.5 (6.2) 28 (25–29) 10877 3.2 4065 1.2 2430 0.7
02 1p 58772 22.8 (8.2) 26 (21–28) 3679 6.3 1499 2.6 1422 2.4
03 2–3p 144028 23.3 (8.0) 27 (22–29) 9376 6.5 4434 3.1 2924 2
04 4p– 96756 20.6 (9.7) 25 (16–28) 10756 11.1 4891 5.1 4675 4.8

Charlson comorbidity index 5 year excluding cancer b0.0001
01 0p 325081 25.7 (5.9) 28 (25–29) 9147 2.8 3285 1 1936 0.6
02 1p 56426 22.9 (8.1) 26 (21–28) 3344 5.9 1342 2.4 1255 2.2
03 2-3p 77813 22.9 (8.2) 26 (21–29) 5029 6.5 2175 2.8 1825 2.3
04 4p- 55386 20.8 (9.5) 25 (16–28) 5733 10.4 2449 4.4 2318 4.2
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surgery were calculated using Spearman correlations for ordered data
and Kruskal–Wallis orMann–Whitney for categorical data. Adjusted av-
erage DAH30 and DAH90 (i.e. hospital and calendar year) and adjusted
differences with respect to covariates (i.e. presence of complications)
were estimated by means of ANOVA. One-year mortality was analysed,
restricted to patients alive at 30 days to avoid co-correlation, using Cox
proportional hazardmodels; results are presented as hazards ratio (HR)
with 95% confidence interval (CI). TheHRs for 1-yearmortalitywere ad-
justed for patient age and sex, comorbidity, ASA-PS, organ system, elec-
tive/acute and duration of surgery. Adjusted survival curves were
estimated by the average covariate method by conditioning on the
categorised DAH30 variable. Non-proportional hazards with respect to
DAH30 were evaluated by estimating time-specific HRs for the periods
2–4 months, 5–7 months and 8–12 months. The lowest value for each
variable was used as the reference. All analyses were performed using
PROC PHREG, PROC GLM, PROC CORR and PROC NPAR1WAY using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

2.8. Role of the Funding Sources

The studywas conceived and designed by PM, LE andMB. TS and FG
did the statistical analysis and all authors contributed to the interpreta-
tion of data and drafting of the manuscript. The funders had no role in
study design, data collection, management, data analysis, data
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interpretation, preparation of the manuscript, or the decision to submit
the manuscript for publication. MB had full access to all the data in the
study and the corresponding author had final responsibility for the de-
cision to submit for publication.
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3. Results

3.1. Study Population

We identified 1,125,434 eligible patients who underwent surgery at
any one of the 21 hospitals in Sweden from January 2005 to December
2014; after exclusions, data on 636,885 operations among 488,160 pa-
tients were available for complete analysis (Fig. 1). The median (IQR)
age was 62 (43–74) years and 367,964 (57.7%) patients were female.
A broad range of surgical procedures were represented and 208,041
(32.7%) procedures were non-elective (Fig. 1, Table 1). Overall, 13,551
(1.8%) patients died within 30 days of surgery, 26,349 (3.5%) died
within 90 days and 55,709 (7.4%) died within one year after surgery.
The discharge destination according to patient and surgical factors is re-
ported in e-Table 1 in the Appendix.

Themedian (IQR) DAH30was 27 [23 to 29] (Table 1) and themedian
(IQR) DAH90 was 87 (82 to 89); both varied according to the type and
extent of surgery (Table 1). DAH30 varied across the Swedish hospitals
(e-table 2 in the appendix), and generally increased over time (e-table
3 in the Appendix). Ongoing hospitalisation at day 30 or 90, hospital re-
admission, and mortality at 30 and 90 days all varied according to type
of surgery (Table 1, e-tables 4 and 5 in the Appendix). The median
DAH30 and DAH90 were significantly lower in elderly patients, those
with significant medical conditions asmeasured by increasing Charlson
Comorbidity Index, and at higher surgical risk (ASA-PS). The overall pat-
terns for DAH30 and DAH90 in elective and non-elective subcohorts for
the various surgical procedures did not differ from those in the whole
cohort (e-tables 4 to 8 in the Appendix).

The associations between separate strata of DAH30 and the incidence
of major complications are reported in Table 2. Lower DAH30 was
coupled with increasedmajor complication rates in all strata; for exam-
ple, the incidence of pneumonia ranged from 0 to 12.1% from highest to
lowest DAH30 strata. Patients with major complications had a substan-
tially lower DAH30 when compared to those without complications
(Table 3). The same patterns of associations were observed when
analysing elective and non-elective patients separately (e-tables 9 to
12 in the Appendix).

Decreasing DAH30 was significantly associated with a gradual in-
crease in one-year mortality, after adjustment for all associated preop-
erative and intraoperative variables (Table 4 and Fig. 2). Patients with
DAH30 ≤8 had a nearly 7-fold increased risk of death by one year, with
a hazard ratio of 6.78 (95% CI: 6.44–7.13), accompanied by an incidence
rate of 284.9 per 1000 person years. Similar patterns of results were ob-
tained when analysing elective and non-elective patients separately (e-
tables 13 and 14 in the Appendix). The risk of dying in those with low
DAH30 was most apparent in the first 4 months after surgery (e-tables
15a and 15b). A statistical frailty model, taking clustering into account,
could not be performed on this large dataset due to lack of computa-
tional resources. Instead an analysis restricted to the first operation oc-
curring in the datasetwas performed (e-table 15b). This analysis reveals
that the effect of decreasing DAH30 is slightly stronger in the first oper-
ation (occurring in the database). Compared with hospital length of
stay, DAH30 had stronger prognostic utility for 1-year survival (e-table
16 in the Appendix). Increased hospital length of stay was associated
with a higher incidence of hospital re-admission and one-yearmortality
(e-table 17 in the Appendix).

Patientswho underwent elective endovascular comparedwith open
aortic surgery hadDAH30 of 26 vs 20 respectively, andDAH90 of 86 vs 80
respectively (e-table 18 in the Appendix), both p b 0.0001. Similarly, pa-
tients undergoing elective hip or knee arthroplasty in the specialised



Table 3
Complications during the first 30 days after surgery and resultant mean (95% CI) days at home up to 30 days after surgery: both elective and non-elective surgery.

Type of complication No complication Complication Difference (no-yes) in days Adjustedb difference (no-yes) in days

N Mean (95% CI) N Mean (95% CI) Mean (95% CI) Mean (95% CI)

AKI 633,800 24.16 (24.14–24.18) 3085 7.22 (6.96–7.48) 16.94 (16.68–17.20) 11.00 (10.79–11.22)
ARDS 636,497 24.09 (24.07–24.11) 388 2.60 (1.86–3.35) 21.49 (20.74–22.23) 12.94 (12.34–13.54)
Arrhythmia 632,121 24.09 (24.07–24.10) 4764 23.07 (22.85–23.28) 1.02 (0.81–1.23) 1.00 (0.81–1.19)
Cardiac arrest 635,485 24.11 (24.09–24.13) 1400 8.30 (7.91–8.69) 15.81 (15.42–16.20) 10.32 (10.01–10.64)
DVT 636,010 24.09 (24.07–24.11) 875 16.46 (15.96–16.95) 7.63 (7.14–8.13) 4.30 (3.90–4.69)
Delirium 634,055 24.13 (24.11–24.15) 2830 13.05 (12.77–13.32) 11.08 (10.80–11.35) 5.84 (5.61–6.06)
Infection, source uncertain 635,958 24.09 (24.08–24.11) 927 12.92 (12.44–13.40) 11.17 (10.69–11.66) 6.89 (6.51–7.28)
Stroke 632,568 24.17 (24.15–24.18) 4317 11.34 (11.12–11.56) 12.83 (12.60–13.05) 8.40 (8.22–8.58)
MI 630,661 24.17 (24.15–24.19) 6224 15.01 (14.82–15.19) 9.16 (8.98–9.35) 4.83 (4.66–5.00)
Pneumonia 626,535 24.32 (24.30–24.34) 10,350 9.40 (9.26–9.54) 14.92 (14.78–15.07) 8.95 (8.83–9.06)
Paralytic ileus 628,214 24.20 (24.18–24.22) 8671 15.34 (15.18–15.49) 8.86 (8.70–9.02) 4.46 (4.32–4.59)
Pulmonary embolism 633,735 24.14 (24.12–24.15) 3150 12.36 (12.10–12.63) 11.77 (11.51–12.03) 7.57 (7.36–7.78)
Pulmonary oedema 635,060 24.13 (24.11–24.15) 1825 5.38 (5.04–5.72) 18.75 (18.41–19.09) 12.41 (12.14–12.69)
ICD10 = T81 599,721 24.42 (24.40–24.44) 37,164 18.52 (18.45–18.60) 5.90 (5.82–5.98) 4.71 (4.65–4.78)
Any major complicationa 594,765 24.80 (24.78–24.82) 42,120 13.90 (13.83–13.97) 10.90 (10.83–10.97) 7.03 (6.97–7.10)

Abbreviations: AKI, acute kidney injury; ARDS, acute respiratory distress syndrome, DVT, deep vein thrombosis; MI, myocardial infarction.
a Major complication includes all types except ICD10 = T81.
b Comparison adjusted for year of surgery, age, sex, duration of surgery, American Society of Anesthesiologists physical status, Charlson comorbidity index (1 year), hospital, and type of

surgery (according to the two first positions in ORBIT-opcode 1).
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orthopaedic hospitals had higher DAH30 comparedwith those admitted
to university hospitals (e-tables 19a-f in the Appendix), all p b 0.0001.

A power calculation for elective aortic stent-graft vs. open aortic sur-
gery based on the observed differences from the years 2010–2014
shows that using DAH30 as a quality metric requires far fewer patients
to detect a clinically important difference between groups compared
to 30-day mortality or a composite of 30-day mortality and complica-
tions (30 participants vs. 856 and 180 participants, respectively; e-
Table 20 in the appendix). Using these data, a clinical trial enrolling
856 patients in each arm can detect a delta DAH30 of 1·2 days with
90% power at a 1% significance level. To detect an outlier surgeon or sur-
gical team (p b 0.01) in a publicly-reporting surgical audit program,
based on treating 5 patients per week, such a difference would be de-
tected after 6 weeks using DAH30, 42 months using 30-day mortality,
and 9 months when using a composite of 30-day mortality and
complications.
4. Discussion

We found that DAH30 is a valid and easily-obtainable patient-
centred outcome metric. While content (face) validity of this metric
can be justified on the basis of previous work by others [4,19–23], our
results demonstrate criterion validity from multiple perspectives, and
importantly, also demonstrate predictive validity for one-year survival.
DAH30 is maximised when patients recover from surgery free of major
complications, with early return of independence and ability to return
home [2]. DAH30 can be calculated from readily available data. It cap-
tures the impact of patient and surgical risk factors, process of care
Table 4
Association between days at home up to 30 days after surgery (DAH30) and one year mortali
surgery.

DAH30 No. of individuals No. of deaths Person years Rate per 1000

29–30 199,169 4653 197,073 23.6
26–28 207,241 4939 204,863 24.1
23–25 83,638 4664 81,276 57.3
20–22 38,928 3564 37,044 96.2
17–19 25,002 2873 23,434 122
9–16 35,581 5527 32,465 170.
0–8 35,875 8662 30,403 284.

Abbreviations: HR, hazard ratio; CI, confidence interval.
a Adjusted for all variables in Table 1 (for Charlson Comorbidity Index, using the 1 year inclu
b Adjusted for all variables in Table 1 except operation by organ system (for Charlson Como
outcomes, and clinical outcomes; it therefore has ideal attributes as a
clinical trial outcome measure and quality indicator [3,39].

Our 1-year survival analysis identified that the risk of dying in those
with low DAH30 wasmost apparent up to 4 months of surgery. Patients
having less days at home after surgery have prolonged hospital stays
and/or need for specialised nursing facilities for a reason,most often be-
cause of severe complications. However, if they survive their complica-
tions/primary surgical illness it seems they have a reasonable prognosis
in the subsequent 5–12 months after surgery, suggesting this later
phase reflects ongoing deconditioning and underlying chronic co-
morbidities.

In line with DAH30, we found that DAH90 was a similarly valid
outcome-quality metric. Although some postoperative complications
and poor survival manifest months after surgery [40–42], we could
not identify any apparent advantage with DAH90 over and above
DAH30. Given the additional work and potential for missing data, we
do not believe DAH90 provides additional benefit over DAH30 as a qual-
ity metric in the perioperative setting but may provide valuable informa-
tion for non-surgical patients with chronic medical disorders.

We found that DAH30 is a superior measure of quality of surgery and
perioperative care over standard complication andmortality rates. It in-
cludes, and in a sense bypasses, otherwise undetected and/or unre-
ported process of care issues and clinical outcomes. DAH30 thus has
the potential to uncover a hidden or systemic failure to detect or report
clinical pathway deviations. This is particularly important in the frail or
elderly patient, where even minor complications may have negative
consequences for discharge readiness. However, discharge planning
and other practice patterns vary across different hospital and country
settings, and so DAH30 should be interpreted with these in mind;
ty (excluding deaths that occur within the first 30 days): both elective and non-elective

person years Unadjusted HR
(95% CI)

Adjusteda HR
(95% CI)

Adjustedb HR
(95% CI)

1 Reference Reference Reference
1 1.02 (0.98–1.06) 1.43 (1.36–1.51) 1.35 (1.28–1.42)
8 2.43 (2.33–2.53) 2.33 (2.2–2.46) 2.25 (2.14–2.37)
1 4.07 (3.89–4.25) 2.89 (2.73–3.07) 2.76 (2.61–2.92)
.6 5.18 (4.94–5.42) 3.41 (3.21–3.62) 3.23 (3.04–3.42)
24 7.18 (6.91–7.47) 4.35 (4.12–4.59) 4.22 (4.01–4.44)
91 12.01 (11.59–12.44) 6.78 (6.44–7.13) 6.73 (6.42–7.07)

ding cancer data).
rbidity Index, using the 1 year including cancer data).



Fig. 2. One-year Kaplan–Meier survival plots according to the number of days at home up to 30 days after surgery (DAH30), excluding deaths that occur within the first 30 days (both
elective and non-elective surgery).
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statistical adjustment (for quality assurance [11]) or random patient se-
lection (in clinical trials) can account for such variation.

High quality healthcare depends on trained, experienced and well-
resourced staff, working within a team-based safety culture [43]. Defi-
ciencies in any or many of these features will manifest as avoidable
complications and failure to rescue [12]. Public reporting of accurate
outcomes data is needed to help providers of healthcare remain ac-
countable, and for informed decision-making by patients, families and
primary care physicians [9,44,45]. However, reporting requires ex-
tremely large patient numbers to detect deficiencies in care if mortality
is used as the outcomemetric [44]; it is costly, and could perhaps be bet-
ter focussed [13,14,46]. Quality of life and disability-free survival are ar-
guably better patient-centred measures of longer-term outcome after
surgery than mortality [41,47]. DAH30 is ideally suited as an additional
metric for this purpose.

There aremany examples of substandard clinical practice by individ-
uals [48,49], hospitals [50], and perhaps countries [51]. Mortality rates
are often used to detect divergence from acceptable clinical practice
[44], but as surgical mortality is very uncommon, deviations may not
be detected until very late [12,50,52]. DAH30 is a robust, readily-
obtainable, and statistically efficient metric ideally suited for ongoing
surveillance and hospital-level and public reporting. As individual hos-
pital characteristics and case-mix independently affect ratings irrespec-
tive of quality of care [53], DAH30 should be risk-adjusted for bench-
marking purposes [11]; this is readily achieved.

Postoperative complications may be underdiagnosed and/or under-
reported. More importantly, the impact of such complications on pa-
tient recovery and survival is not always obvious when simply coded
as dichotomous outcomes [54]. Some major complications, especially
mortality, are rare, and so the ability to detect poor care or worse out-
comes in a clinical trial is dependent on a large sample size. Similar is-
sues have arisen in critical care research, for which ‘ventilator-free
days’ and ‘ICU-free days’ are often reported [55]. Our supplementary
modelling clearly demonstrates that DAH30 can be used as an outcome
measure to improve the efficiency of clinical research and earlier detec-
tion of poor care.

Given that a hospital bed day costs approximately $1800 in the US,
DAH30 is also an indicator of value-based care [6]. Hospitals in many
countries are increasingly receiving a fixed reimbursement per episode
of care according to the patient's diagnosis and perhaps comorbidities,
regardless of hospital length of stay [56]. Hospitals may therefore mini-
mise costs by implementing early discharge policies, with or without
enhanced recovery pathways. Bundled payment models typically pro-
vide an incentive for early hospital discharge, but if patients and their
families, or even nursing facilities, take on the burden of postoperative
care too soon or in sub-optimal circumstances, there is an increased
risk of unplanned readmission [56–58].

This study has important strengths, primarily based on very detailed
and complete surgical data across a large number of Swedish hospitals,
including smaller regional institutions and large university hospitals.
The overall coverage of the health care registries in Sweden uniquely
allowed us to characterise preoperative comorbidities, patient risk fac-
tors and surgical risk factors, and to capture process of care outcomes,
clinical outcomes and long term mortality outcomes. As such,
generalisability should be high, at least in developed countries. This
study has several limitations which can be individually addressed in fu-
ture applications of our method. Hospital discharge may be delayed for
a variety of reasons unrelated to complications or quality of care, and
these and other factors such as varying availability of home-based care
by qualified health care personnelmay also affect re-admissions.Within
individual centres or health systems, these factors are unlikely to
change in the short-term and DAH30 can be used for ongoing quality as-
surance. Between centres or health systems, as long as local practices
are clearly described, DAH30 can be used to compare outcomes across
similar settings. Case-mix will affect DAH30 and so we recommend it
be risk-adjusted for bench-marking purposes [59]. The duration of
time spent in a rehabilitation facility after discharge from hospital may
not be recorded in most hospital record systems. Better integration of
electronic records and data sharing could resolve this. “Home” in most
situations refers to a person's usual place of abode; this could include re-
siding with a family member or in a retirement village or nursing facil-
ity. Such variations need to be considered when designing a study or
interpreting quality of care.

5. Conclusion

DAH30 is a valid and readily-obtainable, generic, patient-centred
outcome measure. DAH30 accounts for major complications, prolonged
hospital stay, discharge to any post-acute care nursing facility, post-
discharge complications needing hospital readmission, and early death
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after surgery. Patients will spendmore days at home in the first 30 days
after surgery when effective and efficient care is provided. DAH30 is
therefore a valuable perioperative outcome measure in clinical trials
and quality assurance.
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