Appendix A

Literature search strategy 

The search was limited to articles published in 1989-2010, in English. The search with the following strings was conducted in Medline, CINAHL, and Google Scholar:

Search results for Medline/CINAHL:

(“economic evaluation”) AND (“nursing staff” OR “medical staff”) 377 articles/2 articles

(“economic evaluation”) AND (“staff mix”) 2 studies/1 study

(“cost benefit” OR “”cost effective*” OR “cost utility”) AND (“nursing staff” OR “medical staff”) 417 studies/149 studies

(“cost benefit” OR “”cost effective*” OR “cost utility”) AND “staff* mix” 4 studies/2 studies

(“cost benefit” OR “”cost effective*” OR “cost utility”) AND “skill mix” 250 studies/35 studies

In Google Scholar, for each search term, the first 100 entries were checked. Moreover, for each article identified, the authors also checked the “cited by” and “related articles” options. For each article identified through the initial search, additional sources in article references were manually checked. Finally, we also searched two additional databases, using similar search terms, for any possible omitted sources: Cochrane Reviews, as well as the Database of Abstracts of Reviews of Effects. None generated any sources not already found during the previous searches.

Appendix B

Article summaries

1. (Bissinger et al., 1997)
Who were the participants?

2 matched groups of 70 critically ill infants (35 and 35) in neonatal ICU in Southeastern USA. 

Comparison between what alternatives was made? Is this appropriate comparison?

Intervention: neonatal care received from neonatal nurse practitioners (NNPs) in cooperation with neonatoologists; Control: neonatal care from medical house staff. Not clear if this is an exhaustive list of alternatives (i.e., if medical staff is the only relevant comparison)

Research design

Retrospective study of 2 matched groups of infants (review of medical records).

Main results

No difference in LOS, morbidity, mortality. Per patient NNP charges usually lower. 

What perspective?

Perspective limited to hospital charges only.

What costs were included, and were they in line with perspective declared?

Charges rather than real payments used for cost estimation. 

What effectiveness measures used, and how they were composed?

Quality of care, LOS, morbidity, mortality, composite quality of care index QI.

Discounting undertaken? At what rates?

No- not appropriate here, since all outcomes are short-term.

Sensitivity analysis (preferably multiway) conducted?

No. For example, weights for QI could have been changed to see if the results were very different; 

ICER ratio presented? Compared with other relevant interventions?

No. Because the charges were lower for NNP patients, and outcomes were not different between treatment and comparison group, the authors reasoned that NNPs were more cost effective. However they did divide average patient costs by quality of care index for two groups separately, although this is not equivalent to ICER. 

Any issues with methodology

Positive: a range of health outcome measures, both global and disease-specific. However, small sample size (tests may not be powered to detect differences, although some indicators in fact look in NNPs favour). All located in a single unit in Southeastern US, thus generalizability is an issue. No real randomization, matching design used, but matching may be imperfect- there can still be confounding by family background and other important variables. Perspective on costs limited to hospital charges, not clear if including other costs would change the conclusions. Not clear if the real costs were indeed higher for medical staff, or if this was a reflection of higher charges for them. No information on transitional units prior to discharge, nor on outcomes/costs post discharge. Weights for constructing QI index appear arbitrary, but no sensitivity analysis performed. 

2. (Cowan et al., 2006)
Who were the participants?

1,207 hospitalized, acutely ill, general medicine patients in a 610 bed tertiary hospital in USA

Comparison between what alternatives was made? Is this appropriate comparison?

Comparison: Usual care management by general medicine ward teams (Physicians + RN + Residents); Intervention: same plus NP (plus hospital medical director plus disciplinary rounds daily, rather than once a week). Unlikely that these alternatives are exhaustive.

Research design

Comparative 2 group, quasi-experimental design, with measures until 4 months after hospital discharge. 

Main results

Average LOS lower for patients in intervention group; no significant difference in mortality or readmissions. Lower costs for intervention group (profits were higher for them, because loss from shorter LOS was much lower than the gain from empty beds because of prospective payment system).

What perspective?

Provider perspective

What costs were included, and were they in line with perspective declared?

Actual hospital costs (hourly, reimbursement costs).  Costs saving included into overall cost calculations (e.g. from shorter LOS). Loss from earlier release due to shorter LOS also included.

What effectiveness measures used, and how they were composed?

LOS, mortality, readmission 4 months after discharge.

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

No 

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Experimental group differed from control in more than availability of NP. No randomization of patients, therefore difference by case mix was possible. However, baseline differences were not significant. High attrition rate (25%). In addition, nurses provided additional care (e.g. follow-up conversations). 

3. (Ettner et al., 2006) 

Who were the participants?

1207 hospitalized, acutely ill, general medicine patients in a tertiary hospital in USA

Comparison  between what alternatives was made? Is this appropriate comparison?

Control: Usual care management by general medicine ward teams (physicians + RN + residents); I: same plus NP (plus hospital medical director plus disciplinary rounds daily, rather than once a week). Note the background study here is the same as in (Cowan et al, 2006), although there was an additional outcome of interest: quality of care.

Research design

Comparative 2 group, quasi-experimental design, with measures until 4 months after hospital discharge. Not randomized for patients, only for physicians. A wide range of baseline controls was used in multiple regression models to estimate intervention effect.

Main results

Cost offsets for intervention group were greater than the intervention costs themselves.

What perspective?

Provider

What costs were included, and were they in line with perspective declared?

Intervention costs were compared to the difference in non-intervention costs. Bottom-up approach. Detailed information on pre-and post discharge non-intervention costs.

What effectiveness measures used, and how they were composed?

No measures here, since done in other studies (e.g. Cowan). Similar quality of care.

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

To determine the importance of start-up versus steady-state costs, average cost per patient for the first few months versus the remaining months was calculated using varying cut-off points to examine sensitivity. Also, the authors examined sensitivity of the cost estimates to excluding the institutional overhead charged to the project. Finally, results were estimated for different follow-up samples.

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

See Cowan (2006) study. In addition, it appears the NP team was following instructions to reduce over utilization of services, which may have had an additional effect on outcomes, as well as was following disease-specific guidelines on care. NPs also did follow-up calls. It is important that post-discharge costs were also included (thus potential for cost-shifting considered), although again, societal perspective was not adopted. Not costs, but proxies for many costs were used, no discounting; lack of generalizability.

4.(Ganz et al., 2005)
Who were the participants?

Patients in skilled nursing facilities for post-acute care in USA
.

Comparison between what alternatives was made? Is this appropriate comparison?

Median staffing hours per patient day for RNs, licensed practice nurses (LPNs) and nurse assistants vs. recommended hours for them. Five nurse-sensitive conditions were considered. 

Research design

Markov cohort simulation of recommended vs. median staffing, observational retrospective data.

Main results

ICER of recommended vs. median level was 321,000 per discounted QALY. Hard to justify recommended staffing levels based on hospital transfer rates alone.

What perspective?

Insurer's- Medicare.

What costs were included, and were they in line with perspective declared?

Hospital costs and SNF costs. Nursing costs aggregated per patient day. 

What effectiveness measures used, and how they were composed?

QALYs (The likelihood of dying in the SNF or after discharge was based on a smoothed hazard curve from an eleven year follow up of nursing home patients in a single facility), utility weights collected from seriously ill patients at SUPPORT study; hospital transfer rates (prevented hospital transfer as a benefit).

Discounting undertaken? At what rates?

Yes, both costs and effects, 3% year. 

Sensitivity analysis (preferably multiway) conducted?

Yes (e.g. on a range of fatality rates and hospital costs), discounting also ranged from 3% to 5%

ICER ratio presented? Compared with other relevant interventions?

Yes

Any issues with methodology

It is not clear if the recommended staffing is indeed the optimal level, in all conditions and contexts. In general, very little difference in health outcomes found between interventions (hence very high CE ratio, even though the difference in costs was estimated to be relatively small- incremental cost of 173 per patient). Data on recommended staffing came from retrospective data, not RCTs. Transition probabilities were taken from CMS report to Congress. It appears probabilities were derived without adjusting for patient case mix, which may bias the results. Authors relied on the assumption of mean transfer rates for the median-staffed facilities, despite skewed distribution. Some inputs into the model (e.g. hazard of dying) may not be generalizable, since they were estimated at a single facility. No modelling of costs after discharge. Authors also acknowledge that their approach may underestimate the nurse staffing effect on the quality of life of patients as well as their relatives. Data applicable only for short-stay residents (but long-term residents may benefit more from nursing care). 

5. (Griffiths et al., 2001)
Who were the participants?

175 intermediate care patients in acute hospital wards, London, UK

Comparison with between what alternatives was made? Is this appropriate comparison?

I: nursing led inpatient care with no routine medical intervention; C: usual (consultant-managed) care. 

Research design

RCT

Main results

No effect on health outcome measures, but LOS longer for treatment group. Even though cost per patient day was lower for the treatment group, since LOS was longer for them, greater total patient costs in the treatment group.

What perspective?

Hospital

What costs were included, and were they in line with perspective declared?

Bottom-up; discounted bottom-up; cost per bed day (3 different estimates). 

What effectiveness measures were used, and how were they composed?

LOS, Barthel index

Discounting undertaken? At what rates?

Yes (selected- e.g. discounting effect of unproductive nursing time)

Sensitivity analysis (preferably multiway) conducted?

Yes (e.g. varying LOS, costs of tests and therapy)

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Very elderly patients. RCT, but small sample size. Not significant differences in some cases (e.g. on cost of care) - perhaps because test was underpowered. Also, perhaps there is cost-shifting involved. Need more information on longer-term outcomes and costs, including for patients and other players. Results can also be confounded by programme design features, rather than nurse-consultant comparisons. Results may also be specific to inner London area. No information on quality of care provided by nurses (e.g. patient satisfaction). No opportunity costs included here (as in many other studies). 
6. (Mitchell-DiCenso et al., 1996)
Who were the participants?

821 Neonatal intensive care unit patients in acute general care hospitals (33 bed unit) in Canada. 

Comparison with between what alternatives was made? Is this appropriate comparison?

I: 414 randomized to care by clinical nurse specialist/neonatal nurse practitioner team during the day and by paediatric residents during the night. C:  401 care by paediatric residence team. 

Research design

RCT

Main results

Slightly fewer deaths in CNS/NP team; very little difference in costs and other outcomes. Overall, inconclusive evidence. 
What perspective?

Societal 

What costs were included, and were they in line with perspective declared?

Hospital cost per infant (during NICU stay), plus family costs (societal perspective). 

What effectiveness measures were used, and how were they composed?

Mortality; number of complications; LOS; quality of care; parent satisfaction with care; other long-term outcomes.

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

No

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

All patient data came from a single unit in Canada- generalizability issues. Since CNS specialists were working with neonatal nurse practitioners, it is hard to see their respective contribution (especially given their interaction with trainees and physicians). However, this may actually be closer to a real world situation. The authors examined some long-term outcomes. No cost of training seems to be included. Results may be specific to neonatal care.  Post-discharge costs were not collected, which means the societal perspective may not have been fully observed. Perhaps tests were underpowered to detect differences (very wide confidence intervals). Some measures (e.g. of complications) have not been validated in the past. 

7. (Pioro et al., 2001)
Who were the participants?

381 patients in a general medical ward in an academic teaching hospital in Midwestern USA (18-69 yrs old)

Comparison with between what alternatives was made? Is this appropriate comparison?

I: Nurse Practitioners (NP) + Medical Director (193)

C: Medical house staff (188)

Research design

RCT. Data collected at discharge and 6 months after discharge

Main results

Similar LOS, charges (both total and discretionary hospital charges), in-hospital complications. More NP patients received service at home (is this captured by costs?). Similar health outcomes measures. Results similar in both intention to treat, and actual treatment analysis. 

What perspective?

Hospital

What costs were included, and were they in line with perspective declared?

Hospital charges, costs (for specific departments only)

What effectiveness measures used, and how they were composed?

LOS; hospital-acquired complications, 30-day mortality; patient assessment of care; changes in ADL; symptom severity

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

No

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Just 1 medical ward in Midwestern hospital participated. 90 out of 193 patients initially assigned to NPs were admitted to house staff (47%), because of NP or medical staff requests. If these were “difficult cases”, there could be selection bias (although those staying and those moving had similar baseline observable characteristics). Some house staff involvement in NP wards was inevitable (e.g. off-hours emergency care). Care by medical staff was delivered by medical teams consisting of medical residents, interns and supervised by a teaching attending doctor. It appears that resource use after hospital discharge may not be properly captured. Perhaps low power to detect differences for some rare clinical endpoints. Cost of medical director not considered, nor differences in salaries, off-hours coverage by residents, outpatient costs. Positive issues included: data collected at both discharge, and at 6 months after discharge.

8. (Rothberg et al., 2005)
Who were the participants?

General medical and surgical patients in USA

Comparison between what alternatives was made? Is this appropriate comparison?

Comparison of different patient to nurse ratios (PTN) ranging from 4:1 to 8:1, finding the most cost effective alternative. 

Research design

Observational study of secondary data (from literature and 2 large hospital studies), with Monte Carlo simulations

Main results

8:1 ratio was the least expensive, but associated with the highest patient mortality. Smaller ratios improved mortality and increased costs, becoming progressively less cost-effective. However, ICER never exceeded 136,000/life saved. 

What perspective?

Institutional

What costs were included, and were they in line with perspective declared?

Nursing cost per patient. Cost estimates were drawn from the medical literature and the Bureau of Labour Statistics. Only hospital-related costs were included (including nursing costs). Assumed that LOS depended on PTN ratio, and this allowed them to estimate total cost. 


What effectiveness measures used, and how they were composed?

Mortality; LOS. Patient mortality and length of stay data for different ratios were based on two large hospital level studies.


Discounting undertaken? At what rates?

No 

Sensitivity analysis (preferably multiway) conducted?

Yes, multiway (e.g. on nurse wages), probabilistic.

ICER ratio presented? Compared with other relevant interventions?

Yes

Any issues with methodology

Non-random design. There was considerable sensitivity of results to assumptions about staff ratio effect on mortality; but data on mortality was taken from 1 study of Pennsylvania hospitals only (adjusting for patient characteristics, but still data is observational, not RCT).  No future costs associated with morbidity included. Assumptions about the link between LOS and PTN ratio can be too crude for estimating total patient costs (this effectively assumes an offsetting reduction to total costs which may not be real)- although they did perform sensitivity analysis. Furthermore, they assumed that lower LOS was associated with lower hospital costs, although this may also be an additional assumption which is not realized in practice (especially if most costs are incurred at the beginning of stay).  Better to have data on the direct relationship between nurse staffing and hospitalization costs. Hospital level data does not allow seeing the effect on unit level. Information on other post-discharge costs may also change CE ratios (for example, if lower PTN ratio is associated with lower follow-up care spending, this may improve CE ratios).  

9. (Rothschild et al., 2009)
Who were the participants?

Patients in a critical care (coronary care) unit of the tertiary care academic hospital in New England, USA
 
Comparison with between what alternatives was made? Is this appropriate comparison? 

Cost benefit analysis of various critical care nurse staffing levels (1:1, 1:2, 1:3)

Research design

Regression analysis of observational data 

Main results

Nurse staffing costs under different staff conditions were less than the expected cost savings from prevented adverse events (AEs).

What perspective?

Hospital

What costs were included, and were they in line with perspective declared?

Nurse staffing costs (function of experience, seniority).

What effectiveness measures used, and how they were composed?

Cost savings from avoiding adverse events. 

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

Yes (different costs per AE assumed)

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Focus on averting AEs can be limiting, since there can be other outcomes from better nurse staffing. Moreover, no direct link between nurse staffing levels and avoiding adverse events was estimated. Rather, the authors varied nurse patient ratios for estimating a range of nursing costs, and also varied cost per AE for estimating the savings from preventing adverse events for a 10 bed critical care unit. Likelihood of AEs was actually predicted by physicians, as a function of observed near misses, which required an additional assumption on the interception rate of near misses (although this was subject to sensitivity analysis). Results may be relevant to critical care only, in New England. Also, only nurse salary coasts were considered.
10. (Sakr et al., 2003)
Who were the participants?

1447 A&E and 1315 nurse-led injury unit patients at A&E department in one hospital, UK

Comparison with between what alternatives was made? Is this appropriate comparison?

Between 1447 A&E and 1315 nurse-led injury unit patients 

Research design

Before after cohort study: nurse-led minor injury unit replacing A&E department

Main results

Significantly fewer process errors and shorter waiting times at nurse-led units. However, costs slightly greater at nursing units. Also, nurses referred more for planned follow-up.

What perspective?

Provider

What costs were included, and were they in line with perspective declared?

Costs per minor injury case were considered. Costs were predicted rather than derived from bottom-up costing. For estimating total costs, both workload unit (i.e., patient costs), and follow-up costs of treatment were included.

What effectiveness measures used, and how they were composed?

Process errors (because adverse events are rare); waiting times. 

Discounting undertaken? At what rates?

No (except inflation)

Sensitivity analysis (preferably multiway) conducted?

No

ICER ratio presented? Compared with other relevant interventions?

No 
Any issues with methodology

Before-after cohort design has some methodological weaknesses. Since there was no randomization, selection issues were possible. There were some baseline differences in case mix. The authors tried to adjust for them by controlling for possible confounders, but this is not perfect. Without ICER, it is hard to judge CE. Not clear if there weren't other differences between 2 groups, beside nurse/staff dichotomy. Few costs of ongoing education or training for nurses were included. If these factors were taken into account, the cost differential between these groups could have been wider. Another potential drawback is that intermediate (rather than final) outcomes were considered. Also, it appears that more patients were referred for follow up in the nurse-led group.

11. (Taylor et al., 1997)
Who were the participants?

430 anticoagulant service patients in 2 hospital sites in the UK

Comparison with between what alternatives was made? Is this appropriate comparison?

I: anticoagulant nurse specialist service; C: consultant service

Research design

Sequential retrospective study, 2 hospital sites in the UK

Main results

No difference in total costs between 2 clinics, no difference in time patients spent in therapeutic range, but greater satisfaction of patients in nurse group.

What perspective?

Hospital

What costs included, and are they in line with perspective declared?

Total treatment-related costs. Patient (e.g., travel and off-work) and accommodation costs excluded. 

What effectiveness measures were used, and how were they composed?

Mean proportion of time patients spent on therapeutic range (i.e. proper treatment control); number of adverse dug interactions; patient satisfaction with service provision.

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

Yes (costs of domiciliary visits, staffing costs varied by 15%)

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Nurse group also provided domiciliary services (different from specialists), and had training costs (also different). Non-random design (hence differences in case mix possible); limited outcome data. Just 2 clinics in northwest Hertfordshire. Nurses remained under the supervision of 2 specialists. Time spent in therapeutic range is an intermediate outcome, not necessarily reflecting true state of health (although number of consultations for adverse events arising from anticoagulant treatment may be a better choice). Patient satisfaction may be an imperfect measure, but it does provide some important information on the often overlooked indicator. Limited follow-up period.

12. (Venning et al., 2000)
Who were the participants?

1303 Primary care patients requesting same day appointments in 20 GP practices, UK. 

Comparison with between what alternatives was made? Is this appropriate comparison?

I: nurse practitioner consultants (641); C: GP consultants (651)

Research design

Multicentre RCT

Main results

No difference in health outcomes and in health service costs; greater patient satisfaction for nurses. Costs were similar because of longer consultation times, tests and return times for nurses. 

What perspective?

Provider

What costs were included, and were they in line with perspective declared?

Health service costs (basic salary costs of each health professional plus the costs of prescriptions, tests, referrals, and the cost of return consultations

What effectiveness measures were used, and how were they composed?

Patient satisfaction; health status

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

No

ICER ratio presented? Compared with other relevant interventions?

No (not necessary)

Any issues with methodology

Relatively strong design- multicentre trial (20 practices) RCT. However, short-term (at the time of consultation, and 2 weeks later). Generally minor health problems only. Results apply only to those nurses working at practices, but not independently. Little power to detect differences in serious but rare events. 

13. (Dall et al., 2009)
Who were the participants?

(Medical and surgical patients in nonfederal acute care hospitals, USA 

Comparison with between what alternatives was made? Is this appropriate comparison?

Studied the effect of variation between different RN hours per patient day. Synthesis of literature review was used to derive elasticity of complications with respect to nurse staffing ratios. 

Research design

First, authors conducted literature review to get elasticities of several nurse-sensitive outcomes with respect to nurse staffing ratios (HPPD), for various staffing levels. Then authors did regression analysis  with data from 2005 nationwide inpatient sample to estimate the relationship between nurse sensitive outcomes  NSO, mortality risk, LOS and cost per discharge. In a way, this design allows quantifying the benefit of nursing (relating to the decrease in costs arising from fewer nosocomial complications, lower LOS unrelated to complications, as well as to greater national productivity.

Main results

Inverse relationship between nurse staffing levels and patient risk of nosocomial complications, adverse drug events and LOS; diminishing effect at higher level of staffing

What perspective?

Societal 

What costs were included, and were they in line with perspective declared?

Hospital expenditures were modelled as a dependent variable. Charges converted to costs with hospital-specific charge to cost (CTC) ratios. Moreover, there were additional assumptions on professional services (thus allowing to estimate effect on total treatment costs).

What effectiveness measures used, and how were they composed?

Patient nosocomial complications, LOS, national productivity. Modelling the productivity loss allows better understanding of the societal effect. 

Discounting undertaken? At what rates?

Yes

Sensitivity analysis (preferably multiway) conducted?

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

In a way, this was a cost benefit analysis, since the authors compared the cost of employing a RN ($83,000/year with conservative estimates of savings from avoiding adverse events and shorter LOS generated by each nurse- $60,000). These savings do not include many other benefits of nursing, however. Observational data was used, elasticity of NSO w.r.t. nurse staffing taken from literature review of several studies. Effect of nurse staffing on costs calculated as a product of 2 elasticities, first of nurse staffing on complications, and then of complications on costs. Wide range of complications was considered, which is a strength. Costs estimated with hospital-specific CTC ratios.  Also, lots of assumptions need to be made when productivity is modelled.

14. (Graveley and Littlefield, 1992)
Who were the participants?

156 low-risk prenatal care women, predominantly of low socioeconomic status in USA

Comparison with between what alternatives was made? Is this appropriate comparison?

3 staffing models: physician based; mixed staffing; clinical nurse specialist.

Research design

Non-experimental, retrospective interviews.

Main results

No difference in health outcomes. Nurse-staffed clinic had the greatest satisfaction and lowest cost per visit, and thus “the highest CE” at least on this dimension.

What perspective?

Provider

What costs were included, and were they in line with perspective declared?

Total cost per patient visit (bottom-up, from hospital records)

What effectiveness measures used, and how they were composed?

Several neonatal (maternal and children) physiological variables, Kessner index to assess adequacy of care

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

No

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Nonrandomized design, thus patient mix and other patient/hospital-related variables may have been different between clinics. Limited information on other costs/outcomes. Results may be applicable only to indigent women. Small sample size and thus probably lack of power to detect differences in outcomes. Post discharge costs were not considered. Bottom-up costing. Authors say that RNs had the lowest “cost per appointment”- but is this the same as the total cost per mother? The number of complicated pregnancies referred to the health centre by each clinic was not included in the analysis.

15. (Needleman et al., 2006)
Who were the participants?

5,075,969 medical and 1,104,659 surgical discharges from 799 acute general care hospitals, USA

Comparison with between what alternatives was made? Is this appropriate comparison?

Simulated 3 options: raise proportion of RN to 75 percentile, w/o change in licensed hours; raise number of licensed hours to 75%, w/o change in proportion; raise both to 75%. 

Research design

Observational data comparison (simulation). 799 hospitals, with 5,075,969 medical and 1,104,659 surgical discharges. Somewhat similar to CBA, since change in costs from change in staff level is compared to savings from avoiding adverse outcomes and shorter LOS (but other benefits are not taken into account). 

Main results

Most CE option is to raise the proportion of RN, w/o change in licensed hours (lots of savings from averted adverse events and LOS, little increase in costs). Decreases in urinary tract infections, pneumonia, and shock or cardiac arrest are associated the most with increasing the proportion of RNs.

What perspective?

Provider

What costs were included, and were they in line with perspective declared?

Per patient costs. Modelled both short and long term hospital costs. 

What effectiveness measures used, and how they were composed?

Avoided death; avoided adverse outcomes; LOS

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

Yes (w.r.t. variable/fixed costs)

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

Large sample size, 11 states, various hospitals in USA, but non-random. How comparison percentile level was chosen may be a bit arbitrary. 

16. (Pratt et al., 1993)
Who were the participants?

393 acute medical and acute surgical care patients in two separate wards of a large hospital in Sydney, Australia
Comparison with between what alternatives was made? Is this appropriate comparison?

Comparison of the quality (i.e., patient outcomes) and cost of nursing care for RNs vs mix of RNs and ENs (80%-20%) staffing models.

Research design

Before-after comparison between 2 staffing models was done in 2 separate wards (acute medical and acute surgical) in 1 hospital. At first, 8 weeks of RN; followed by another 8 weeks by mix (with 4 weeks given to train ENs).

Main results

Little difference in patient outcomes between 2 staffing regimens in both wards was found. However, in the acute medical ward, all RN staff was more expensive per day and per hour for patient care

What perspective?

Hospital 

What costs were included, and were they in line with perspective declared?

Daily/hourly costs of care per patient

What effectiveness measures were used, and how were they composed?

Subjective judgment of quality of nursing care by patients; correctness and accuracy of records; independent observation on quality of care (cleanliness, correctness of procedures provided etc)

Discounting undertaken? At what rates?

No

Sensitivity analysis (preferably multiway) conducted?

Yes

ICER ratio presented? Compared with other relevant interventions?

No

Any issues with methodology

No randomization. Singe hospital study (although conducted it in 2 separate wards). Limited effectiveness measures (only subjective quality and intermediate outcomes). Comparing costs per patient treated, rather than day/hour may be more informative. Since RNs reported an increased level of stress and workload from supervising ENs, the costs of stress probably also need to be considered. Results may not be generalizable beyond Sydney. All RN staffing is the norm, but mix 80-20% is a bit unclear as an alternative. Among some omitted factors that can affect costs/outcomes: differences in experience. Calculating costs required significant adjustments, which may affect the conclusion (especially in surgical ward). No long-term perspective. Also, since the study is of short-term duration, it is possible that workload related to supervision is going to be smaller with time, which may lead to lower costs for RN-EN model. Also, it appears there are greater sickness-absence rates in the RN-EN mix. The reverse was true in the surgical ward. 

17. (Richardson et al., 2001)
Who were the participants?

177 intermediate care patients in inner London hospital, UK

Comparison with between what alternatives was made? Is this appropriate comparison?

I: 97 nursing led inpatient care ward with no routine medical intervention (but with GP of 8 hours per week); C: 80 patients in usual (consultant-managed) care, acute ward

Research design

RCT

Main results

No effect on health outcome measures, but LOS longer for intervention group. Barthel index improved greater in the treatment group (not stat significant). Even though cost per patient day was lower for the treatment group, since LOS was longer, greater total patient costs in the treatment group was found. However, the post discharge costs were significantly lower for the treatment group (This difference was much lower compared to impatient cost difference. However, if maintained for 5 to 10 months, one could cancel out another. Longer term study this thus needed). 

What perspective?

Payer (since post discharge costs also considered)?

What costs were included, and were they in line with perspective declared?

Bottom-up (for consultations), top-down- for drugs; discounted bottom-up; cost per bed day. Data on patient resource use, such as home help was recorded. Post discharge cost data was included, but for 1 month only. 

What effectiveness measures used, and how they were composed?

Clinical outcome data on these patients were collected prospectively using the Barthel Index of disability and the 12-item Goldberg General Health Questionnaire (GHQ)

Discounting undertaken? At what rates?

Yes- for inflation adjustment

Sensitivity analysis (preferably multiway) conducted?

Yes (on impatient ward costs)

ICER ratio presented? Compared with other relevant interventions?

Any issues with methodology

Very elderly patients. RCT, but small sample size, single site study only, may be specific to inner London area. No significant differences in some cases (e.g. on cost of care) - perhaps because test was underpowered. Cost-shifting issue addressed to a certain degree. Results can be confounded by programme design features (e.g., GP supervision of 8 hours per week in nurse care unit, presence of other unqualified auxiliary nurses), rather than patient-consultant comparisons. Cost per patient did not include cost of drugs, or consultation costs. Post discharge cost data was for only for one month. Some data on outcomes were missing; mortality in the treatment group was greater than in control group, although this was not “statistically significant” (perhaps due to lack of power of the test). On the other hand, there was greater mortality in the control group post discharge, thus suggesting the mortality may have been displaced into community because of earlier release in the control group.
� Number of patients is not relevant here, since model required information on transition probabilities, not patient numbers (CMS report to the Congress)


�Data came from two large studies of Pennsylvania hospitals, with no information on patient size.


�No sample reported. The authors conducted 308 hours of observations, and recorded prevented near misses. 


� Data come from a literature review, and hospital discharge


data from the 2005 Nationwide Inpatient Sample. There were several samples of the data used, from  around 1 to 3 million patients
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