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1. Problem Statement: In rehabilitation nursing, the patient classification systems/acuity models and nurse staffing ratios are not supported by empirical evidence. Moreover, there are no published studies characterizing rehabilitation nurse staffing patterns, including nursing hours per patient day, proportion of RN staff, and use of agency nurses, nor studies that examined the link between rehabilitation nurse staffing and  patient outcomes. 

2. Purpose/Objectives: The purpose of this prospective observational study was to describe rehabilitation nurse staffing patterns, determine the impact of rehabilitation nursing on patient outcomes, and to test whether existing patient measures on severity and outcomes in rehabilitation could be used to as a proxy for burden of care to predict rehabilitation nurse staffing ceilings and daily nurse staffing requirements. The study had four key objectives: (1) Describe current nurse staffing patterns in rehabilitation; (2) Predict case-mix adjusted patient outcomes in rehabilitation based on nurse characteristics and staffing patterns, controlling for facility characteristics; (3) Evaluate the utility of the Average Admission Relative Weight (AARW) as a tool for predicting rehabilitation staffing ceiling levels; and (4) Evaluate the utility of the FIMTM instrument for determining nurse staffing coverage on shift-by-shift basis.   

3. Method: Using a prospective observational design, a total of 54 rehabilitation facilities in the United States, stratified by geography, were randomly selected to participate in the study.   Data were collected prospectively over a 30 day period, using surveys, process logs, and an extant data base.  Data were analyzed using a combination of analysis of variance and linear mixed regression. When post hoc tests were conducted after significant analysis of variance results the Ryan-Einot-Gabriel-Welsch Multiple Range Test was employed. Linear mixed regression model analysis was used for patient level outcome measures to adjust for patient nesting within facilities.
4. Results:    

4.1. Description of Facilities:  Participating sites ranged in size from 10 to 102 rehabilitation certified beds, with an average of 30 beds (SD=19.68). The average daily census was 17.38 (SD=11.43) and ranged from 3-56.  Forty-five of the 54 (83%) sites were hospital-based, while only 5 were free-standing. The majority of the sites had JCAHO Accreditation (91%), while slightly more than half (57%) were CARF accredited. Thirty-three percent identified an academic affiliation (teaching facility). 

4.2. Description of Rehabilitation Nursing Staff: Approximately 17% of the nurses were certified in rehabilitation (CRRN) (SD=13.08), with the unit averages ranging from 0-43% of the RN staff. The average years of general nursing experience for RNs was 16.60 (SD=4.50), while the average years in rehabilitation was 8.11 (SD=2.87). For non-RN staff (LPN/LVN or NA), the average years of general nursing experience was 11.93 (SD=5.85), while the average years in rehabilitation was 5.87 (SD=3.02). On average, nurse managers rated the RN staff at the proficient level in both general nursing (mean=3.8, SD=0.55) and rehabilitation nursing (mean=3.7, SD=0.59), while the non-RN staff were rated at the competent level of performance in both general nursing (mean=3.3, SD=0.69) and rehabilitation nursing (mean=3.12, SD=0.76).  

4.3. Description of Rehabilitation Nurse Staffing Patterns:  On average the total nursing HPPD were 8.11(SD=1.90), ranging from 5 to 14. The average RN HPPD was 4.04 (SD=1.44), while the non-RN HPPD was 4.07 (SD=1.55). The proportion of RNs averaged 50% (SD=14.22). Thirteen percent of sites were heavily skewed toward RN staff (>66% of nursing hours by RNs). Twenty-two sites used agency nurses but their use was minimal.
4.4. Description of Patient Characteristics:  The average patient age was 69 years (SD=15.8), ranging from 15-101. Fifty-seven percent of the patients were female and 17% were minorities.  Of the 3,150 patients, 1,529 (48.53%) had their entire stay within the study period (both admission and discharge). The average LOS was 14.3 days (SD=10.02). The patients who had their full stay during the study period had an average LOS of 9.7 days (SD=5.11). The majority of the patients had regular stay (80%), while 20% had either a short stay, early transfer or died during their hospital stay. Most of the patients were discharge to home (75%). The primary payer for 67% of patients was Medicare. Thirty-seven percent of patients did not have a secondary payer. For those patients with a secondary payer 48% identified a commercial insurance carrier. 

4.5. Description of Patient Outcomes: The average admission FIMTM rating was 71 (SD=17), while the average discharge FIMTM rating was 91 (SD=21). The mean FIMTM gain (discharge FIMTM – admission FIMTM) was 20.17 (SD=13.03). Of the 21 possible RICs, six categories were identified by the research team of specific interest; stroke and lower extremity joint replacement accounted for the greatest proportions of the sample (25% and 20% respectively), while the remaining RICs included brain injury (9%), spinal cord injury (6%), neurological (5%), amputation (3%), and other RICs (34%).  
4.6. Results of Research Question #1:  How does nurse staffing vary by geographic region, type of rehabilitation facility, and specific patient rehabilitation impairments?  
4.6.1. Geographic Region:  All regions (Northeast, Midwest and South) had a significantly lower average unit RN HPPD when compared to the West (p=0.0001).  The proportion of RNs was not statistically significantly different across the geographic regions. Neither number nor percentage of agency hours used was significantly related to geographic region. 

4.6.2. Type of Rehabilitation Facility: Free-standing rehabilitation facilities tended to have higher overall nursing HPPD compared to hospital-based sites (p=0.90), while relying more heavily on non-RN staff.  Free-standing sites had slightly greater proportion of non-RN staff (p=0.0152) compared to the unit-based facilities. Free-standing sites had a significantly higher number of agency hours use when compared to the unit-based sites (p=0.0009). 

4.6.3. Patient Mix: Facilities typically had a heterogeneous mix of RIC cases, making it difficult to examine nurse staffing needs for each impairment group. The proportion of RIC cases (patient mix) in each unit significantly affected nurse staffing levels. As the percentage of each of the RIC categories increased, there was a significant increase in the total nursing HPPD and RN HPPD, but not in the non-RN HPPD.  There were trends for more RN HPPD allocated for SCI than any other RIC, and towards more total nursing HPPD for stroke, brain injury, SCI, and neurological RICs compared with replacement LE and amputation.      

4.7. Results of Research Question #2: What is the relationship between nurse staffing, nurse characteristics, and case mix adjusted patient outcomes in rehabilitation settings, controlling for facility characteristics?
4.7.1. FIMTM Gain: The more competent the nurse managers rated non-RN staff in rehabilitation nursing practice, the higher the CMG-adjusted FIMTM gain (p=0.0123).
4.7.2. Discharge FIMTM: The more competent the nurse managers rated their non-RN nursing staff, the higher the CMG-adjusted discharge FIMTM rating.  
4.7.3. Length of Stay: As the percentage of RNs certified in rehabilitation nursing (CRRN) increased, the CMG-adjusted LOS decreased. Specifically, for every 6% increase in CRRNs on the unit, the average length of stay decreased by 1 day. Surprisingly, an increase in RN years of experience in rehabilitation nursing corresponded to a longer LOS. A higher patient census corresponded to a higher CMG-adjusted LOS. 
4.8. Research Question #3:  Does Average Admission Relative Weight (AARW) predict overall nurse staff ceiling levels and nursing HPPD in rehabilitation? We examined the possibility of using the average admission relative weight (AARW), a patient severity measure, to predict nursing staff ceilings. As the facilities’ AARW increased there was a positive trend for increases in full time employee equivalents (FTEE), overall nursing HPPD, RN and non-RN HPPD, although these findings were not statistically significant.  
4.9. Research Question #4: Do daily FIMTM scores reveal the optimal assessment interval for determining nurse staffing requirements?  The average daily FIMTM ratings across all sites for each study day did not vary significantly over time, so we could not perform time series trend analysis as planned.  Day Shift (mean=53.67) had the greatest number of nursing hours compared to afternoon (mean=40.17) and night shifts (mean=38.42). Of the 3 shifts, night shift was the most highly correlated with average daily FIMTM score (p = .0043). For every 10 unit increase of the average daily FIMTM score, there was a corresponding 3.9% daily decrease in the average night shift hours.   
4.10. Research Question #5:  What is the perceived staff burden for completing the FIMTM instrument daily? On average, all sites found the daily administration of the FIMTM moderately burdensome (mean=3.4, SD=1.17). Another indicator of burden of the daily administration of the FIMTM was the proportion of missing data. An average 9.46% of the FIMTM items were missing for each study day across all the sites, ranging from 8.6-9.46%. Missing daily FIMTM data was defined as no FIMTM value for a patient on a study day.
5. Conclusions    
5.1. This is a critical time in nursing because regulatory and legislative solutions to the nursing shortage are being proposed in the absence of empirical data. This lack of data has been a major stumbling block for the delays in implementing the mandated minimum nurse staffing levels in California. Evidenced-based staffing models are needed in all practice settings in nursing to satisfy Joint Commission of Accreditation of Healthcare Organization (JCAHO) requirements and to provide sound rationale for the new Staffing Effectiveness Standards. This study provides data to help support staffing decisions specifically for rehabilitation settings.    

5.2. The proportion of RNs is lower in rehabilitation than acute care. The mean RN HPPD was 6-8 in acute care (Aiken et al., 1994), while it averaged 4.0 HPPD in rehabilitation.  Neither Shukla (1983) nor Arndt and Crane (1988) found skill mix to be associated with amount of direct patient care. That is increasing RNs does not necessarily translate to higher RN direct care. Instead it probably has a larger effect on quality of patient care than quantity of patient care (Lang et al., 2004). To better understand the variations reported in RN HPPD across sites, future studies should attempt to differentiate RN HPPD as to whether the hours were used for direct patient care, indirect patient care or administrative duties. While our study excluded nurse educators and nurse managers, we did not examine how much RN time was spent at the bedside. 
5.3. Few nurse staffing studies have reported agency nurse use.  The use of agency nurses to supplement nurse staffing in rehabilitation units was minimal, both in terms of the number of sites who employed agency nurses and in the extent to which they were used. 
5.4. There were significant geographic variations in overall nursing HPPD, with higher staffing levels reported in the West.  Also, there were trends towards a higher proportion of RNs in the West, with the South reporting the lowest proportion of RN staffing. 

5.5. While the link between nurse staffing and patient outcomes has been a research priority since the 1980s, studies published to date have used diverse patient outcomes, nurse staffing measures, and  for summarizing associations (Lankshear, Sheldon & Maynard, 2005). Research has focused broadly on acute care settings and nursing homes, with no previously published study addressing acute rehabilitation.  Results of this study are a significant contribution to the literature because to our knowledge this is the first study that reports on the relationship between nurse staffing and patient outcomes in rehabilitation. Results provide an understanding of the contribution of nursing to the recovery of patients in acute rehabilitation who have suffered strokes, brain injury, spinal cord injury, neurological impairments, and replacement and amputations of lower extremities.  
5.6. While results of our study are not completely comparable to studies in acute care due to the different outcomes measured, similarities were found for length of stay. Like Lang et al (2004) and Needleman (2002) who found associations between total nursing hours per patient day (HPPD) and RN HPPD with length of stay, we found a significant relationship between hours of total nursing HPPD and length of stay.  The cumulative evidence from these three studies provides consistent evidence that demonstrates the importance of nurse staffing in reducing length of stay.  These data suggest that more intensive nursing care facilitates patient recovery whether from acute care or acute rehabilitation and allows for timely discharge.  Research that quantifies nurses’ activities could be used to better understand the underlying mechanisms that would help to explain this relationship.  Length of say without positive post discharge outcomes, of course, is not optimal, and research is needed to determine the nursing activities that prevent post discharge complications and 30-day readmissions.  
5.7. Results of this study demonstrate the importance of measuring outcomes that match the goals of the setting and patient population.  While failure to rescue and mortality are appropriate outcomes for acute care, rehabilitation nursing focuses on restoration of patient functioning. Therefore, it makes sense that nurse staffing studies in rehabilitation should use patient function as a major dependent variable.  Our study used the FIMTM instrument, the gold standard in rehabilitation functional outcomes, and we controlled for patient factors and admission FIMTM by using a case-mix adjusted FIMTM gain score. Additionally, non-RN nursing staff unit experience, as rated by mangers, was a significant predictor of case-mix adjusted gain.  Clearly, an adequate number of competent non-RN staff are important in achieving her levels of patient functioning. While RN staffing variables were not significant, non-RN nursing staff competency in rehabilitation was the most predictive variable in the multivariate analysis.  Again, while our study does not identify the underlying mechanisms of this finding, it is reasonable to hypothesize that direct care nursing staff to whom RN’s can delegate important rehabilitation activities make a difference in the functional outcomes of patients.   
5.8. Evidence from a review article of 43 studies in acute care suggests no support for specific minimum nurse-patient ratios in acute care, although nursing HPPD and skill mix appear to affect important patient outcomes (Lang et al., 2004). Patient acuity, skill mix, nurse competence, nursing process variables, technology sophistication, and institutional support also needs to be considered when making staffing decisions (Lang et al.).  Evidence from our study begin to provide an evidence-base for minimum nurse patient ratios in rehabilitation that consider both RN and non-RN proportions as well as expertise of non-RN staff and patient rehabilitation acuity. 
5.9. Overall, rehabilitation nurses in this study were experienced in both nursing and rehabilitation practice. Previous studies have focused on years experience in general nursing and/or specialty nursing practice. Nurses in the Pennsylvania study had 10 years nursing experience while Magnet hospital nurses had less experience, 7 and 5.6 years (Lake & Friese, 2006). Nurses in our study were more experienced-- an average of 16.6 for RNs in nursing and 8.1 years experience in rehabilitation. Of all of the nurse staffing studies of acute and long term care we reviewed, we found only one that reported a significant association between nursing experience and patient outcomes; McGillis et al (2001) found that nurse experience was inversely related to medication errors and wound infections in acute care. We found that an increase average years of RN experience in rehabilitation corresponded to a longer LOS. While one would expect a decrease in LOS with increasing RN experience, perhaps more experienced RNs are more skilled in identifying rehabilitation potential and patient needs that translates into more rehabilitation time requirements to meet functional goals.  Less experienced RNs on the other hand may influence earlier discharge because they may not recognize the potential for meeting functional goals that are critical to rehabilitation. 
5.10. No studies we reviewed reported significant associations between non-RN experience and patient outcomes. By measuring nurse managers evaluations of competency of the nurses we attempted to go beyond years of experience as an indicator of expertise or competency. While our measure of competency was limited, our findings point to the important role that non-RN staff play in acute rehabilitation since competency in rehabilitation nursing of non-RNs as rated by nurse managers was the strongest predictor of both FIMTM gain and discharge gain. Non-RNs typically provide the bulk of “hands on” patient care such as assistance with ADLs. Data suggests that they play a unique role in insuring positive functional outcomes in acute rehabilitation. Therefore, education, training and reinforcement of rehabilitation principles for non-RNs should be a priority for rehabilitation facilities to maximize functional outcomes especially staff new to rehabilitation regardless of the extent of their experience in non-rehabilitation settings. Creative educational strategies such as focused mentoring and reflection could be used to develop non-RN competency from novice to more expert practice.  

5.11. Few studies have reported the link between specialty nurse certification and patient outcomes. In our study, approximately 17% of the RNs in the 54 participating sites were certified in rehabilitation nursing practice (CRRN).  We could not find any data to determine if this percentage of certified nurses was above or below the mean for other specialty nursing organizations.  Given that specialty certification in nursing assures core knowledge in a nursing specialty and demonstrates a high level of commitment to a specialty practice area.  According to research conducted by the American Journal of Nursing (2001), certified nurses reported that they experienced fewer adverse events and errors in patient care than before they were certified. These nurses reported feeling more confident in their ability to detect early signs and symptoms of complications, and to initiate early and prompt interventions for such complications. According to the same study, certified nurses also reported more personal growth and job satisfaction.  
5.12. We found an inverse relationship between the percentage of nurses certified in rehabilitation nursing and LOS. Specifically, a 1% increase in CRRNs on the unit was associated with an approximated 6% decrease in LOS. This finding supports the “value added” in recruiting and retaining nurses with specialty certification, as well as supporting existing staff in efforts to obtain certification. Interestingly, the length of stay was not significantly different for nurses reporting more years experience in rehabilitation. This implies that there is some added benefit of certification beyond years of rehabilitation nursing experience.  

5.13. Evidence of the predictive use of Admission Relative Weight (AARW) for Nurse Staffing is inconclusive. As the facility’s AARW increased, so did the nurse staffing ceiling (p<0.0724), overall nursing HPPD (p=0.6579), RN HPPD (p=0.3406), Non-RN HPPD (0.1514), and average daily census adjusted staff ceiling levels (p=0.0634), although these findings were not statistically significant; likely, we were underpowered to detect such differences.  While empirical data was used to establish the Inpatient Rehabilitation Prospective Payment System (IRF PPS) including certain variables such as expected length of stay, other items such as the list of co-morbid conditions (which can increase the relative weight and corresponding length of stay for a patient) were more arbitrarily set.  Thus, a patient could have multiple medical issues, however, if those conditions are not on the list of co-morbid conditions from CMS, relative weight and corresponding length of stay would not be impacted to reflect the complexity. Admission relative weight of a case can be used as a proxy to the burden of care for that patient. While our findings were not significantly significant, clinically speaking, we would expect that as the admission relative weight of a case increases, so would the nurse staffing levels.  
5.14. We examined the usefulness of daily FIMTM  instrument as a nurse staffing tool. To our knowledge, although the relationship between staffing and outcomes has been examined in acute and long term care settings, no researchers have examined this relationship in rehabilitation. Gross, Faulkner, Goodrich and Kain (2001) studied the use of the FIM TM to predict the number of nursing hours required to care for stroke patients. The investigators concluded that the FIM TM could be used as a component of a rehabilitation classification system, but that it did not capture all necessary nursing activities.  To evaluate the FIMTM instrument as a tool for determining shift by shift staffing, data was combined over the study period to yield total nursing HPPD by shift and an average daily FIMTM rating for each facility.  Night shift is the most highly correlated with Average Daily FIMTM score (r=>0.-0.373). For every 10 unit increase of the average daily FIMTM ratings, there is a corresponding 3% decrease in the average night shift hours per day.  While barriers associated with perceived staff burden in completing the daily FIMTM could be overcome, the issues with missing data present a larger obstacle in use of the FIMTM for decisions related to nurse staffing levels.  
6. Recommendations  
6.1. Rehabilitation seems to fall between acute care and long term care in staffing demands. While acute care has relied heavily on patient acuity for predicting nurse staffing needs, long term care has relied more on patient dependency.  The need to focus on both patient acuity and dependency makes staffing more complex in rehabilitation settings. Research is needed to examine the trend of rehabilitation RNs to assume more acute care functions in rehabilitation with more of the traditional rehabilitation efforts (including decreasing patient dependency) falling on non-RN nursing staff.  
6.2. Since much of benefits of rehabilitation nursing are likely to emerge over time, longitudinal studies are needed to examine patient outcomes post discharge to examine whether patient outcomes were sustained over time, as well as to identify other critical nurse sensitive outcomes that emerged over time. For example, one Canadian study found that the higher the proportion of RNs and LPNs on the unit, the higher self care level and social functioning of patients—but it was not sustained at 6 week follow up (McGilllis et al., 2001). Verran (1996) suggested that many of the effects of quality nursing care may not appear until after discharge; this is particularly true in rehabilitation nursing. Future research is needed in this area.  
6.3. A major conceptual problem is that nurse staffing processes are largely unknown. These staffing processes of care include scheduling staff, decisions related to use of agency nurses, floating, and overtime, accountability, continuity of care, collaboration, decision making, and education and development.  Rehabilitation nursing processes are not well documented and failures in these processes that lead to adverse outcomes are neither charted nor observed as part of routine practice. Research to articulate the work processes of rehabilitation RNs (changing to include acuity as well as traditional rehabilitation nurse practices), and how these processes vary by skill mix, education, certification, and experience in both general nursing and rehabilitation.  Currently the actions of rehabilitation nurses are not well defined, serving as a black box. We need to elucidate the specific rehabilitation nurse actions that affect patient outcomes.  Examples of rehabilitation nursing processes include care coordination, surveillance, therapeutic interventions, promotion of function, emotional support, patient education, documentation, and supervising nursing staff (IOM, 2004).  The American Association of Colleges of Nurses identified the following core competencies for nurses: critical thinking, communication, assessment, and technical skills (American Association of College of Nursing, 1998). Rehabilitation nursing practice embraces a holistic approach to medical, vocational, educational, environmental, and spiritual patient needs. The conceptual framework for rehabilitation is based on the World Health Organization Model of Health which uses the International Classification of Functioning, Disability, and Health. The focus of the WHO model is to promote full participation in life activities including personal, vocational and social pursuits. Rehabilitation nurses help individuals affected by chronic illness or physical disability to adapt to their disabilities, achieve their greatest potential, and work toward productive, independent lives. Rehabilitation nurses begin to work with individuals and their families soon after the onset of a disabling injury or chronic illness. They continue to provide support in the form of patient and family education and empower these individuals when they go home or return to work or school. The rehabilitation nurse often teaches patients and their caregivers how to access systems and resources. Rehabilitation nurses focus their practice on (1) managing complex medical issues, (2) collaborating with other specialists, (3) providing ongoing patient/caregiver education, (4) setting goals for maximal independence, and (5) establishing plans of care to maintain optimal wellness. Several nursing care delivery processes were deemed to be most affected by nursing shortages/perceived heavy workloads, including delayed response to pages/calls; communication problems, discharge delays, increased wait times for surgery, tests and procedures, lacking time to maintain patient safety, detect complications early, and collaborate with team (Buerhaus, Donelan & Ulrich, 2005).  Future research needs to examine key rehabilitation nurse processes in addition to patterns of nurse staffing and patient outcomes.
6.4. Given the positive impact of rehabilitation nurse certification, efforts to build a business case for CRRN are needed. 
6.4.1. Most nurse managers in rehabilitation indicated the need for total nursing HPPD. Arndt and Crane (1998) found that increasing the HPPD only slightly (e.g., by 6 minutes per patient) on a full 30 bed unit requires an additional 0.5 FTEE. Additional research is needed to address the resource implications of rehabilitation nurse staffing models, nurse staffing levels and proportion of RNs that are optimal for patient care. 
6.4.2. In rehabilitation, it would be useful to know the associated costs and benefits of increasing RN HPPD, hiring more CRRNs, increasing the proportion of RN staff, and increasing total nursing HPPD.  In a review article of 43 studies examining the link between nurse staffing and patient outcomes in acute care, 9 studies addressed cost (Lang et al., 2004).  All 9 studies found better staffing was either budget neutral or cost saving.  Eight of these studies were from 1-2 decades ago and may no longer be generalizable.  The fiscal implications of rehabilitation staffing needs further study.  
6.5. Rehabilitation facilities may give consideration to recruiting or hiring nurses with CRRN since it has been associated with a shorter LOS. Maintaining an optimal level of skill mix to deliver care for the unique case mix of the facility is also suggested. Since the higher the rating of non-RN staff by the nurse managers was correlated with a higher CMG-adjusted FIMTM gain, ensuring competency of non-RN staff is likewise important for optimal patient outcomes.   
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