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Rationale: Mechanically ventilated patients require complex care and are at high risk for rehospitalization, but different systems of care may result in different hospital discharge practices and rates of rehospitalization. 

Objectives: To compare lengths of hospitalization, discharge patterns, and rehospitalization rates in New York (NY) in the US and Ontario (ON) in Canada.
Methods: We conducted a retrospective cohort study of mechanically ventilated patients who survived an acute care hospitalization in NY or ON from 2010-2012, using linkable administrative healthcare data.
Measurements and Main Results: The primary outcome was the cumulative incidence of first rehospitalization within 30 days of discharge, accounting for the competing risk of death. Of 71,063 mechanically ventilated patients in NY, and 41,875 in ON who survived to hospital discharge, median length of initial hospital stay was similar in NY versus ON (15 days, Interquartile range (IQR) 8-28 vs 16 (9-30)), but was systematically shorter in NY when stratified by patient subgroups of different illness severity. Fewer patients in NY were discharged directly home (53.6% versus 71.4%). Of patients in NY, 15,527 (cumulative incidence 21.9%) had a first rehospitalization within 30 days versus 5,531 (cumulative incidence 13.2%) in Ontario, p<0.001. Incidence of rehospitalization was higher in NY across all subgroups assessed, with the greatest differences among patients with a tracheostomy (29.8% versus 13.3%, p<0.001), those who received dialysis during the hospitalization (31.9% versus 17.0%, p<0.001), and for patients not discharged directly home (27.6% versus 13.1% p<0.001). 
Conclusions: Mechanically ventilated patients who survive to hospital discharge in NY have shorter hospital stays, with higher rehospitalization rates within 30 days compared with ON. 
Word Count: 264
In the United States (US), preventing the need for rehospitalization is a focus of quality improvement initiatives, now including payment penalties from the Centers for Medicare and Medicaid Services (1). Current emphasis in the US is on preventing rehospitalization for patients with congestive heart failure, acute myocardial infarction, and pneumonia. However, recent studies have assessed rehospitalization rates for a wide range of patients, including those who are critically ill 
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. Within the critically ill population, patients who are mechanically ventilated typically have long initial hospitalizations 
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, receive complex care while in the ICU, have significant post-ICU morbidity, and are at higher risk of rehospitalization 
 ADDIN EN.CITE 
(2)
.
One large difference between the US and most other countries is that ICU patients in US hospitals have relatively short hospital lengths of stay compared with many other countries 


(5, 6) ADDIN EN.CITE . The US practice of discharge to skilled care facilities following hospitalization for a critical illness may be one cause of this shorter length of stay 


(6-9) ADDIN EN.CITE . It is unclear whether such short hospital lengths of stay occur among mechanically ventilated patients or are associated with an increased likelihood of rehospitalization. We hypothesized that hospital lengths of stay would be shorter, and rehospitalizations more frequent in the US among the patients who were at highest risk of rehospitalization. We sought to address these questions by comparing hospital lengths of stay, discharge destinations, rehospitalization rates and outcomes for mechanically ventilated patients in New York (NY) and Ontario (ON). To improve comparability of patient populations, we also sought to stratify patients into more homogenous groups in terms of risk of death and rehospitalization, such as those with longer duration of mechanical ventilation, or who received dialysis during the hospitalization. 
Methods

Patients and Data Collection

The study protocol was reviewed and approved by the Institutional Review Board of Columbia University Medical Center (IRB-AAAJ2158 New York, NY) and the Research Ethics Board of Sunnybrook Health Sciences Center. The need for written informed consent was waived. Data for New York came from the New York Statewide Planning and Research Cooperative System (SPARCS) for the years 2010-12. These data capture all hospital discharges occurring within New York State, and have been used extensively for research purposes 
 ADDIN EN.CITE 
(2, 10)
. Within the database, each patient has a unique encrypted identifier, allowing for linkage of hospitalizations over time. Data from SPARCS were also linked to NY State Vital Records and New York City Vital Records to obtain 6-month mortality data for all patients. Data on hospitalizations in ON were obtained from the Canadian Institute for Health Information Discharge Abstract Database, a population based repository of admissions to all acute care hospitals in the province. Other data sources included the Ontario Health Insurance Plan, which includes physician service billing claims and the Registered Persons Database, which provides information on demographics (age, sex, postal code) and vital status, including death date. These datasets were linked using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES). We chose to terminate the data analysis at the end of 2012 because policy changes that instituted penalties for US hospitals with high rehospitalization rates (for three specific diagnoses) may have affected rehospitalization rates after this date 
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.
The cohort consisted of all patients who were discharged alive after an acute care hospitalization that included an admission to an ICU (defined by ICU bed utilization billing codes in NY and special care unit codes in ON) and who received mechanical ventilation, defined in NY based on ICD-9-CM billing codes for invasive mechanical ventilation (96.70, 96.71, 96.72) and in ON based on the Canadian Classification of Health Interventions (CCI) codes (1.GZ.31.CA-ND, 1.GZ.31.CA-EP, 

1.GZ.31.CR-ND, 1.GZ.31.GP-ND) 
 ADDIN EN.CITE 
(12, 13)
 (see Table E1 in the online supplement for details of definitions). Both sets of codes (ICD-9-CM and CCI codes) have been validated, with similarly high specificity in both countries, but lower sensitivity in the US. We included patients who may have received non-invasive ventilation in addition to invasive mechanical ventilation at some point during the hospitalization. We excluded patients missing hospital admission or discharge dates or time to death, patients age < 18 years, and patients whose primary residence was outside of NY or ON, as we did not have information regarding deaths occurring outside the state/province. We also excluded patients with HIV or who had an aborted pregnancy as these data are withheld in NY. For patients who were transferred to another acute hospital in either database, we combined these events into a single acute hospitalization. 

Statistical Analysis


The primary outcome was the cumulative incidence of first rehospitalization within 30 days of hospital discharge, with death modeled as a competing risk. We also assessed the percentage of rehospitalizations within 30 days that also included an ICU stay, and the percentage of rehospitalizations that resulted in death in the hospital. Finally, we examined overall mortality for each cohort 30 and 180 days after hospital discharge. We included both planned and unplanned rehospitalizations, as we did not have a clear way to identify planned rehospitalizations in the ON data. 
We summarized demographic and clinical characteristics for patients who were or were not rehospitalized within 30 days including age, sex, quintile of income by zip code or postal code, receipt of dialysis during the index hospitalization (stratified by whether patients had new renal failure requiring dialysis, or a previous diagnosis of end-stage renal disease with dialysis), Charlson-Deyo comorbidity index score (14), hospital length of stay, discharge destination (home, home with care, other), and reason for rehospitalization. NY data were stratified into income quintiles by year based on the Census Fact Finder. For ON, income quintiles were determined by linking patient residential postal codes to Canadian census data. Due to data usage agreements that did not allow movement of data outside of each country, we did not combine datasets for statistical testing. For comparison of characteristics between NY and ON cohorts, we reported standardized mean differences. For outcomes, we used chi-squared tests and t-tests, as appropriate, on the aggregated results. However, given the size of the datasets, even small differences were statistically significant; thus, we focused on clinical interpretation of differences. 
As mortality after hospital discharge precludes a subsequent rehospitalization, the Kaplan-Meier method would over-estimate the rate of rehospitalizations (15). Consequently, we modeled death as a competing risk (Fine and Gray) (16) and determined the cumulative incidence of a first rehospitalization within 30 days of hospital discharge for all survivors of critical illness who received mechanical ventilation. We chose to restrict to those mechanically ventilated to reduce heterogeneity in severity of illness in comparisons across countries. We a priori specified some subgroups for comparison of rehospitalization rates. These included patients stratified by: sex, receipt of mechanical ventilation for more or less than 96 hours, those with a new tracheostomy (received during the hospitalization), dialysis during hospitalization, Charlson comorbidity index (0; 1-2; (3), and by discharge destination (home, home with health services, and other destination). We post hoc assessed more specific subgroups of patients who we felt were more likely to be similar with regard to severity of illness (to reduce heterogeneity of comparisons), and have been previously shown using NY state data to have a high risk of rehospitalization within 30 days 


(2) ADDIN EN.CITE . We also examined index hospitalization length of stay for all subgroups. We report both means (standard deviation) and medians (interquartile range), with statistical testing (t-test) of the means. 

Risk factors for rehospitalization within 30 days were examined using a competing risk proportional hazards regression. We calculated adjusted hazard ratios (aHRs) and 95% confidence intervals (95% CIs). Covariates that were considered for inclusion in the model included age, gender, quintiles of household income, presence of tracheostomy, receipt of dialysis during the hospitalization (as identified by ICD9 procedure code 39.95 (NY) and specific physician billing codes (G and R) or CCI codes (1PZ21HQBR or 1PZ21HPD4 (ON), length of stay of the index hospitalization (1-6; 7-13; 14-20; 21+ days), number of comorbidities and discharge destination. Multi-collinearity among covariates was assessed using the variance inflation factor and tolerance values. We assessed the proportional hazards assumption for individual covariates using Schoenfeld-like residual plots, and by modeling all covariates as potentially time-varying; those with significant interactions with time were modeled as time-varying. Database management and statistical analysis were performed using SAS 9.4 (SAS institute, Cary, NC) and Stata 13.1 (StataCorp LP, College Station, Tex). 
Results

Characteristics of mechanically ventilated patients in New York versus Ontario

The cohorts consisted of 71,063 patients in NY and 41,875 patients in Ontario who received mechanical ventilation and survived to hospital discharge (Table 1). Patients were of similar age in both locations (mean 61.9 years +/-18.3 in NY versus 61.3 +/-16.6 in ON), with a lower percentage of men in NY (54.0% versus 60.9%). More patients in NY were mechanically ventilated for >96 hours (27.1% versus 19.1%) and more received a tracheostomy (14.4% versus 9.3%). Overall rates of dialysis were similar, although more patients in NY had ESRD requiring dialysis (3.6% versus 0.9%), as was the frequency of comorbidities (see Table E2 in the online supplement for full distribution of comorbidities; Table E3 for distribution of insurance and race in NY). 
Overall length of hospital stay was similar for mechanically ventilated patients in NY and ON (median 15, (IQR 8-28) in NY versus 16 (9-30) in ON (Table 1). Patients in NY were less likely to be discharged directly home (53.6% versus 71.4% in ON). Overall mortality in the cohort was higher in NY than in ON when assessed at 30 days and out to 180 days for all patients (5.4% versus 2.4% at 30 days, and 13.5% versus 7.5% at 180 days; Figure E1 in the online supplement).
First rehospitalizations within 30 days of hospital discharge
The proportion of patients who received mechanical ventilation and survived to hospital discharge who were rehospitalized within 30 days was higher in NY than in ON (cumulative incidence 21.9% versus 13.3%) (Table 2; Figure 1). Stratified by individual patient characteristics, the most similar 30-day rehospitalization rates occurred in patients who were discharged home without home health services (14.0% in NY versus 11.1% in ON; absolute difference: +2.9%, p<0.001) (Table 2). The greatest differences in 30-day rehospitalization rates occurred in patients who received tracheostomies (rehospitalization rate of 29.8% in NY versus 13.6% in ON; absolute difference: +16.2%, p<0.001 (Table 2), who received dialysis with ESRD during the hospitalization (rehospitalization rate 34.9% in NY versus 21.7% in ON; absolute difference: +13.2%, p<0.001), or who were not discharged directly home (rehospitalization rate 27.6% in NY versus 13.3% in ON; absolute difference: +14.3%, p<0.001). 
To further assess rates of rehospitalization, patients were categorized into more homogeneous high-risk subgroups (Table 3). The rate of rehospitalization remained consistently higher in NY for all of these subgroups. See Table E4 for specific risk factors associated with rehospitalization in each location.
Length of hospital stay prior to initial hospital discharge

We assessed the initial hospital length of stay for patients, stratified by patient characteristics. While overall hospital lengths of stay in the two cohorts were similar, lengths of stay were notably shorter in NY for patient groups when stratified. In particular, length of stay was shorter in NY for patients with mechanical ventilation >96 hours (mean 26.5(23.0 days vs 37.5(34.0, p<0.001), with tracheostomies (53.4(53.7 vs 81.5(80.3, p<0.001), and with acute dialysis (41.7(43.0 vs 53.7(59.3, p<0.001) (Table E5 in the online supplement). 
Characteristics of rehospitalizations in New York and Ontario
The proportion of rehospitalized patients with the same admission diagnosis as during the index hospitalization was higher in NY compared to Ontario (15.2% vs 10.7%, p<0.001) (Table 4). The top three primary reasons for rehospitalization in NY were “septicemia”, “complications of surgical procedures or medical care” and “congestive heart failure”, in contrast to “complications of procedures”, “congestive heart failure” and “chronic obstructive pulmonary disease” in ON. More patients in NY were admitted to an ICU on rehospitalization (28.5% vs 21.0% in ON, p<0.001), and mortality during hospitalization was slightly higher in NY (11.4% vs 8.5%, p<0.001). 
Discussion

In a comparison of cohorts of mechanically ventilated patients admitted to the ICU in NY and ON, the rates of rehospitalization within 30 days of hospital discharge in NY were almost double the rates in ON. While rehospitalization rates were higher in NY across all subgroups of patients assessed, we identified a few patient groups, in particular patients with tracheostomies and those who received dialysis during the index hospitalization, who appeared to have the highest rates of rehospitalization in NY relative to ON. Given the focus on reduction of rehospitalization rates in the US (1), such findings suggest that assessment of non-US systems may provide important information to highlight groups in the US to target for risk reduction. 
Although the overall median hospital length of stay was similar in the two countries, this comparison alone could lead to erroneous conclusions. Stratification showed that across all subgroups, patients in NY had a shorter hospital length of stay. The similar median was due to the fact that there was different “weighting” of patient subtypes in the two locations; in particular, a substantially larger percentage of patients in ON had a length of mechanical ventilation <96 hours (71.6% versus 58.5% in NY), reducing the median length of stay for the group as a whole in comparison with patients in NY. 
Some of the difference in rehospitalization rates seen may be accounted for by this substantially shorter initial lengths of hospital stay in NY for almost all subgroups of patients, particularly those with tracheostomies and who receive dialysis. As an example, patients with tracheostomies spent, on average, almost three weeks less in acute care hospitals in NY compared with ON. Such practices may place these patients at higher risk of needing to be readmitted to the hospital relative to counterparts in ON who may have longer initial hospitalizations. However, as patients had to survive to hospital discharge in order to be eligible for inclusion in the cohort, and given high rates of in-hospital mortality in patients with tracheostomies and who received dialysis, some of the observed differences may also be the result of survivor treatment bias. Moreover, when assessed specifically by duration of hospitalization, there remained a persistent increased rate of rehospitalization in NY. This analysis does not account for potentially different casemix and severity of illness for any given duration of hospitalization. Thus, our findings remain speculative and an important stimulus for further explanatory studies.
Many more mechanically ventilated patients were discharged to locations other than home in NY versus ON. It is notable that these discharges in NY were also associated with high rehospitalization rates: 27.6% compared with 13.1% in ON. Comparison of care options after hospital discharge is challenging. Although NY state does not have long-term acute care hospitals (LTACs) 
 ADDIN EN.CITE 
(17)
, the range of facilities available for post-acute care is greater in the US than in Canada, likely resulting in a different case mix of patients discharged to these locations. It is notable that the rehospitalization rate for patients in ON discharged to “other” locations was lower than for patients discharged home with health services in ON, despite substantially longer lengths of hospital stay. This suggests that the group of patients who fit this category is a relatively select group of individuals, as opposed to the broader population of patients who are often sent to different types of facilities in the US (7). Moreover, Canadian patients are known to often spend additional days in the hospital designated as “alternative level of care”, waiting for beds in post-acute care facilities and other locations (18). 

These same systems issues may explain the different observed mortality. Work by Hall et al has demonstrated the shift in the US towards transfer of patients to LTACs, and the resultant lower in-hospital mortality associated with this practice (9); if these “same” patients remained (and died) in an acute care hospital in ON, they would not be included in this dataset, thus reducing the observed mortality in ON. An alternative (or additional) explanation may be different cultural approaches to invasive and intensive care at the end of life; in a comparison of decedents in 7 countries, 9.8% of Canadians who died received intensive care in the last 30 days of life versus 27.2% in the US 


(5) ADDIN EN.CITE .
Strengths of our study include the use of data from two different countries that are similar in many ways. Population rates of mechanical ventilation have been found to be very similar in the US and Canada 
 ADDIN EN.CITE 
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; both NY state and the Province of ON are large regions with a very populous city (New York City and Toronto) and both also have large rural areas. The datasets from each location are comprehensive with regard to coverage of hospitalizations, minimizing selection bias. For these reasons, these two locations have often been used to assess differences in care between Canada and the US 
 ADDIN EN.CITE 
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. Other strengths are that we accounted for the competing risk of mortality, which provides more accurate estimates of the incidence of rehospitalization. We were also careful to harmonize definitions across the data to improve comparability.
Our study has a number of limitations.  First, we chose to use a cut-off of 30 days when assessing rehospitalization rates given its wide adoption with respect to policy in the US 
 ADDIN EN.CITE 
(22, 23)
. In prior work using NY data we have demonstrated that the 30-day period captures only half of all first rehospitalizations that occur in the ICU population during the first six months after discharge 
 ADDIN EN.CITE 
(2)
. NY is known to be one of the states with a higher rehospitalization rate; as such, our estimates comparing NY rehospitalization rates with ON may overestimate the rates relative to other parts of the US (22). Moreover, rehospitalization rates in the US may be, on average, slightly lower in more recent years after the institution of the Hospital Readmission Reduction Program. However, recent studies have shown these reductions are modest 
 ADDIN EN.CITE 
(11, 24)
. Mechanical ventilation coding, a requirement for inclusion in this cohort, has high specificity but modest sensitivity in US administrative data and, based on information from this validation study, we may have excluded some post-operative patients in NY who received MV for shorter periods of time (i.e. less than 96 hours); inclusion of these patients might have resulted in a lower overall rate of rehospitalization in the NY data (25). However, our stratification of data across many variables demonstrated a consistent pattern of shorter hospital LOS and higher rehospitalization rates which makes our finding robust to this coding concern. Finally, because we used administrative data we lacked granular clinical data that may yield additional information to understand differences in rehospitalization rates, particularly related to severity of illness, and costs of care in each system.
International comparisons of healthcare delivery allow for reflection of different care systems and are ultimately important for policy makers, and for interpretation of clinical studies in the field (26). This comparison of hospitalization durations, discharge practices and rehospitalization rates highlights some stark contrasts in care patterns between the US and Canada. The US system appears to reduce initial hospitalization length of stay among high-risk subgroups, but has higher rates of rehospitalizations and higher mortality. These data highlight specific at-risk groups in the US who may benefit from additional time in an acute care hospital, or care plans to focus on mitigating the risk of rehospitalization. However, further studies are needed to fully understand the risk and benefits of each approach to care given the differences in casemix.
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Figure Legend
Figure 1. Cumulative incidence of 30-day rehospitalization and mortality in New York and Ontario 
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