Midnight census revisited: Reliability of patient day measurements in US hospital units.

Background

Patient days are widely used in nurse staffing research and for nursing quality measurement. Nursing hours per patient day (NHPPD) and fall rates incorporate patient days in the denominator and are endorsed by the US National Quality Forum (NQF) as nursing sensitive consensus measures. Measurement error introduced by patient days would affect the accuracy of these nursing quality indicators.

Objectives

The aim of this study was to assess the reliability of five patient day reporting methods accepted by the National Database of Nursing Quality Indicators (NDNQI).  The specific aims were (1) to investigate the agreement of five patient day measurements with a defined quasi-gold standard, (2) to explore method bias by investigating the association of potential confounding variables with the differences between the routine measurements and the quasi-gold standard, and (3) to extrapolate the potential effect of bias of the patient day methods on nursing quality indicators.  
Design 

A multiple census study with a national convenience sample of hospital units in the U.S. was conducted.  
Settings 

260 out of 282 units (92%) from 54 hospitals sent data on bi-hourly patient census for 7 randomly selected days in September 2008. 

Methods 

The multiple census data comprised the quasi-gold standard and was compared with data routinely submitted to the database. Intraclass correlations were calculated for an agreement analysis. A Bayesian regression analysis was conducted to explore the impact of different data collection methods and the degree of short stay patients. 
Results 

Overall agreement between routine data and the quasi-gold standard was excellent (ICC [95% CI]: 0.967 [0.958-0.974]). A Bayesian regression analysis identified that two methods underestimated patient days and an interaction between the degrees of short stay patients and one of the data collection methods also affected patient day measurement by up to 7.6%. 

What is already known about the topic?

· Patient days are important for nurse staffing research and nursing quality measurement

· Reliability of patient day measurement at the unit level has not been studied
What this paper adds?

· Four of the five investigated patient day methods provided excellent reliability.

· High degrees of short stay patients were associated with measurement bias for some reporting methods. 

· In certain situations patient day reporting methods can adversely affect fall rates and nursing hours per patient day figures by up to 7.6%. 

· Units with high volumes of short stay patients should consider using multiple censuses (e.g. noon and midnight). 
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Background
Valid and reliable quality indicators are the pulse for any healthcare quality improvement program. Many quality indicators rely on a proper account of patient days. Patient days are used as the denominator of nursing quality indicators like falls per 1,000 patient days or nursing care hours per patient day (NHPPD). Since 2004 both indicators have been endorsed by the US National Quality Forum (NQF) as national consensus standards (National Quality Forum, 2004) and falls are one of the serious adverse events that the US National Priorities Partnership has targeted for reduction (National Priorities Partnership, 2008). As the denominator for both indicators, patient days have the potential to adversely influence these indicators if its measurement lacks reliability. As the NQF measure steward for both indicators, the American Nurses Association (ANA) commissioned the National Database of Nursing Quality Indicators® (NDNQI) to investigate the reliability of the patient day measure. NDNQI is a unit-level nursing quality database, which collects quarterly data from more than 14,000 units in more than 1,500 hospitals in the US and abroad (Australia, Canada, Lebanon, Pakistan, Saudi Arabia, United Arab Emirates). Focused on benchmarking and quality improvement NDNQI seeks to provide valid and reliable data on nursing quality measures and to provide hospitals with reports useful in quality improvement.

The Joint Commission’s implementation guide for NQF’s nurse-sensitive care performance measures describes five different patient day collection methods developed by NDNQI (Joint Commission on Accreditation of Healthcare Organization, 2005). M1 represents the daily midnight census, M2 the midnight census with additional patient days from actual hours for short stay patients, M3 the midnight census with additional patient days from an estimate of average hours for short stay patient, M4 employs patient days from actual hours for inpatients and short stay patients, and M5 uses patient days from multiple census reports (e.g. every 6 hours). While M4 uses the actual time all patients spend on a unit, all other methods are census-based and use different approaches to adjust for short stay patients. 

The patient population and type of hospital unit influence admission and discharge times as well as the number of short stay patients (sometimes also known as observational patients or same day surgery patients).   The length of stay and patient turnover rates also may play a role in the accuracy of patient day measurement. For units with no short stay patients and low patient turnover, all methods should give similar results. However, as the number of short stay patients and the rate of patient turnover increases, there will be higher volatility of patient days and the five methods will produce different results depending of their ability to capture short stay patients.

The research literature has focused on the calculation and validity of adjusted patient days of care derived from hospital level databases like the AHA annual survey 
 ADDIN EN.CITE 

(Harless and Mark, 2006, Needleman et al., 2001, Unruh and Fottler, 2006, Unruh et al., 2003)
. However patient day measurement in the AHA survey is based on in- and outpatient revenue at the hospital level and is not applicable to the unit-level measurement. Although conceptually important, the role of short stay patients and its impact on patient day measurement has received little attention in the literature. 

Due to the lack of previous research investigating the reliability of patient day measurement a gold standard has not been established. From a theoretical point of view M4 (patient days from actual hours of inpatients and short stay patients) is the gold standard, because actual hours of inpatients and short stay patients are measured. However data collection would require precise measurement of check-in and check-out times of all patients on each unit under investigation. While this is a simple task for units with an electronic medical record it is more challenging to implement in units without appropriate electronic systems. Because a gold standard should be applicable across settings M4 was discarded as a gold standard. M5 (patient days from multiple census reports) aligns most closely with the conceptual construct of patient days and simply entails periodic head counts. Based on these pragmatic considerations a multiple census (every 2 hours) study was conducted to serve as the quasi-gold standard.

Objectives

Given the paucity of research related to patient day measurement, the study aimed (1) to investigate the agreement of five patient day methods with a to define gold standard, (2) to explore the bias by investigating the association of confounding variables with the differences between the routine measurements and the gold standard, and (3) to estimate the effect of bias of the patient day methods on fall rates and NHPPD.  

Design

Data for the multiple census study were collected on seven randomly selected days per unit.  Collection days were stratified by day of the week during September 2008, resulting in one randomly selected Monday, Tuesday, Wednesday, etc. Therefore each hospital received a unique pattern of data collection days (Monday through Sunday). On each data collection day, RNs counted the number of patients every two hours for a period of 24 hours. The average unit census of each data collection day was multiplied by the number of occurrences of this weekday (e.g. 5 Mondays) in September, and the sum all the unit-days’ products was divided by 30 (the number of days in September). Based on these figures a weighted average patient day was calculated and compared with the routine patient day data submitted to NDNQI for the same month using the original five patient day methods. 
Setting

The call to participate in study was sent out by email to 1,153 site coordinators representing 1,246 hospitals.  Initially, 61 hospitals considered participation in the study. Five hospitals declined participation during enrollment and two facilities withdrew after the enrollment process, but before the onset of the data collection. Two hundred and sixty units out of 282 units (92.1%) from the remaining 54 hospitals submitted study data. Unit types included intensive care (18%), medical (16%), surgical (13%), medical-surgical (22%), step-down (14%), neonatal (4%), pediatric (7%), psychiatric (4%) and rehabilitation units (2%). Of 1,974 possible collection days, data were submitted for 1,791 (90.7%) days. Units that had data for fewer than 4 days were excluded from the analysis. The final sample consisted of 255 units. Table 1 compares the study sample with the entire NDNQI population. Although M1 (midnight census) is slightly overrepresented and M5 (patient days from multiple census reports) is underrepresented compared to the NDNQI population (chi square test, df=4, p<0.05), no differences could be found in the comparison of the patient population shares (chi square test, df=4, p<0.12). Even though some differences in terms of the employed patient day methods were apparent the sample was still considered to be representative of the population.
	
	population
	sample

	Methods
	%
	     n
	%
	  n

	M1 (midnight census)
	0.52
	5,402
	0.59
	151

	M2 (midnight census plus actual hours from short stay patients)
	0.26
	2,759
	0.24
	62

	M3 (midnight census plus average hours from short stay patients)
	0.07
	724
	0.06
	16

	M4 (patient days from actual hours of inpatients and short stay patients)
	0.06
	665
	0.07
	18

	M5 (patient days from multiple census reports)
	0.09
	926
	0.03
	8

	Patient population
	
	
	
	

	Adult
	0.79
	8,522
	0.83
	212

	Neonatal
	0.04
	389
	0.03
	9

	Pediatric
	0.06
	678
	0.07
	19

	Psychiatric
	0.07
	738
	0.03
	9

	Rehab
	0.04
	462
	0.02
	6


Table 1: Comparison between NDNQI population and study sample

Methods

For estimating the agreement between routine data and study data (aim 1), an intraclass correlation 1 (ICC) based on a one-way random effects model (ICC, McGraw and Wong, 1996) was calculated.  For the purposes of sample size calculations, it was assumed the true ICC was 0.80 and a error margin of 0.05 was desired (Cohen, 1988). To achieve this margin of error for the pooled analysis the minimum required sample size was 180 units (Giraudeau and Mary, 2001). ICC calculations were conducted with R version 2.8 (R Development Core Team, 2008) and the psychometric package version 2.1 (Fletcher, 2008).  

To achieve aims 2 (investigating the association of confounding variables) and 3 (estimating the effect on nursing care hours and falls) a regression analysis was conducted. The influence of patient day measures on fall rates and NHPPD was modeled by the ratio of the routine measures and our quasi-gold standard from the multiple census study. This ratio is a parsimonious way to describe the divergence of the routine data from the quasi-gold standard. For example a ratio of 0.95 represents an underestimation of patient days of 5% and therefore would bias fall rates and NHPPD by 5%. An analysis of the distribution of the ratio with histograms and quantile-quantile plots showed that the ratio distribution had heavier tails than a normal distribution. The Shapiro-Wilk, Kolmogorov-Smirnov and Cramer-von Muses tests for normality found strong evidence (p-value <0.01) that the ratio distribution significantly deviated from a normal distribution. To account for the effect of the potential outliers on the regression coefficients we applied a robust regression analysis via a Bayesian algorithm. The Bayesian algorithm is very flexible and can easily accommodate less common distributions. In our case - a t-distribution with three degrees of freedom - is extremely dispersed and had heavier tails than a normal distribution. The observed data played the dominant role in the specification of the model and therefore we used a non-informative prior distribution. 
The Bayesian regression model was specified as (1.1):

Level 1:
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 is the ratio of the routine measures and the quasi-gold standard that is assumed to follow a t-distribution with a degree of freedom three as a prior distribution of the ratio. 
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 is a patient day collection method applied in a unit i.
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 is the degree of short stay patients in a unit i. Once per data collection day, RNs indicated if short stay patients were present on the unit. The degree of short stay patients consisted of the number of days with short stay patients divided by the number of valid data collection days.
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Based on the prior distribution and the empirical data from the study we used WinBUGS (Lunn et al., 2000) to simulate and approximate the marginal posterior distribution of the specified model. The results of the WinBUGS analysis are different than from a traditional regression analysis in that the regression coefficients themselves are simulated and therefore the coefficient mean and standard error are reported. 
We also report 95% credibility intervals for the regression coefficients. These describe the upper and lower limits of 95% of the simulated coefficients. Based on these limits three conditions need to be considered:
1. If credibility limits does include zero, the association is positive and negative and therefore needs to be discarded. 
2. If a regression coefficient and its credibility limits are less than one, the covariate is related to a downward bias.
3. If a regression coefficient and its credibility limits are more than one, the covariate is related to an upward bias.

In Table 5 we marked the regression coefficients by two asterisks according to these conditions.
Results

With an ICC above 0.97, the overall agreement between the routine measurement and the gold standard was excellent. Stratified by collection method, agreement was excellent for M1 (midnight census), M2 (midnight census plus actual hours from short stay patients), M4 (patient days from actual hours of inpatients and short stay patients) and M5 (patient days from multiple census reports) agreement for M3 (midnight census plus average hours from short stay patients) was considerably lower (Table 2). Although the ICC for M3 is considerably lower, and its confidence intervals do not overlap with M1, M2, and M4, we cannot rule out that the lower ICC for M3 compared to M5 was due to chance.
	
	N
	ICC

	All units 
	255
	0.967 [0.958-0.974]

	M1 (midnight census)
	151
	0.978 [0.970-0.984]

	M2 (midnight census plus actual hours from short stay patients)
	62
	0.964 [0.942-0.978]

	M3 (midnight census plus average hours from short stay patients)
	16
	0.643 [0.246-0.857]

	M4 (patient days from actual hours of inpatients and short stay patients)
	18
	0.996 [0.989-0.998]

	M5 (patient days from multiple census reports)
	8
	0.955 [0.812-0.991]


Table 2: Agreement for weighted patient days from multiple census study and routine data collection

Because of missing data on the degree of short stay patients item, the number of units included in the regression analysis was reduced to 211 (for descriptive statistics see tables 3 and 4).
	Patient day data collection methods
	n
	%

	M1 (midnight census)
	130
	61.6

	M2 (midnight census plus actual hours from short stay patients)
	48
	22.8

	M3 (midnight census plus average hours from short stay patients)
	14
	6.6

	M4 (patient days from actual hours of inpatients and short stay patients)
	14
	6.6

	M5 (patient days from multiple census reports)
	5
	2.4


Table 3: Patient day methods of units included in the regression model

	
	Min
	1st Q 
	Mean
	Median
	SD
	3st Q
	Max

	Ratio of routine measurement and gold standard
	0.29
	0.93
	0.98
	0.98
	0.12
	1.02
	1.89

	Degree of short stay patients 
	0
	0
	0.35
	0.20
	0.39
	0.71
	1


Table 4: Descriptive statistics of variables included in the regression model

The Bayesian regression analysis revealed an underestimation of patient days of -2% for M1 (midnight census) and -7.6% M3 (midnight census plus average hours from short stay patients); and a credible interaction of M3 and degree of short stay patients (Table 5). The interaction of M3 with the degree of short stay patients was associated with an underestimation of patient days of 7.6% (0.924+0*0.1529=0.924) for units with lowest degree of short stay patients and an overestimation of 7.7% (0.924+1*0.1529=1.077) for units with highest degree of short stay patients. The potential bias depending on the degree of short stay patients illustrates the potential effect of M3 patient days on fall rates and NHPPD. Based on this interaction, a unit using M3 with no short stay patients would underestimate patient days by 7.6% (with higher fall rates) while a unit using M3 with short stay patients every day on the unit would over estimate patient days by 7.7% (with lower fall rates).
	Covariate
	Coefficient  mean estimate
	Standard error estimate
	95% lower credibility limit for the estimate
	95% upper credibility limit for the estimate

	M1 (midnight census)
	0.982**
	0.008
	0.966
	0.998

	M2 (midnight census plus actual hours from short stay patients)
	0.995
	0.017
	0.963
	1.028

	M3 (midnight census plus average hours from short stay patients)
	0.924**
	0.036
	0.852
	0.994

	M4 (patient days from actual hours of inpatients and short stay patients)
	0.993
	0.026
	0.942
	1.044

	M5 (patient days from multiple census reports)
	0.979
	0.101
	0.740
	1.137

	M1* degree of short stay patients
	-0.017
	0.016
	-0.049
	0.015

	M2* degree of short stay patients
	-0.055
	0.036
	-0.130
	0.013

	M3* degree of short stay patients
	0.153**
	0.055
	0.047
	0.263

	M4* degree of short stay patients
	-0.061
	0.037
	-0.133
	0.013

	M5* degree of short stay patients
	0.008
	0.288
	-0.414
	0.713


Table 5: Estimation results of the Bayesian regression model with a ratio of routine and quasi-gold standard data regressed on patient day collection method and degree of short stay patients

Discussion
The analysis based on the intraclass correlation found excellent reliability for the pooled patient day measure and for methods M1 (midnight census), M2 (midnight census plus actual hours from short stay patients), M4 (actual hours from inpatients and short stay patients), and M5 (multiple census). There was some evidence of lower reliability for M3 (midnight census plus average hours from short stay patients), however confidence intervals of M3 overlapped with M5 (patient days from multiple census reports) and showed the potential of an ICC of above .85. The Bayesian regression analysis of the ratio of routine and study data revealed a small underestimation of patient days for M1. Depending on the degree of short stay patients M3 had a more pronounced under- and overestimation of patient days. 

Both the Bayesian regression and ICC analyses produce similar results for patient day methods M2 (midnight census plus actual hours from short stay patients), M4 (patient days from actual hours of inpatients and short stay patients), and M5 (patient days from multiple census reports). Although the regression analysis reveals a small underestimation for M1 (midnight census) not seen in the ICC analysis we consider an underestimation of 2% as clinically not meaningful. However both pooled and stratified analyses found a lower reliability for M3 (midnight census plus average hours from short stay patients) and a potential bias of around 7%.
The findings of potential reliability and bias issues for M3 (midnight census plus average hours from short stay patients) raise the question of how many units might be affected by the interaction of short stay patients and M3. About 7% (724) of NDNQI’s units employ M3 to collect patient days (table 1). Assuming that only the highest and lowest quintiles are affected by the bias this would lead to measurement problems for 150 units or 1.4% of all NDNQI units. 

The under- and over-estimation of patient days in the regression model for M1 (midnight census) and M3 (midnight census plus average hours from short stay patients) correspond with the conceptual background of the measures. M1 does not account for short stay patients, therefore units with short stay patients using M1 have a negative bias. M3 incorporates estimates of the average hours of short stay patients, rather than actual counts. Estimates should be based on a quantitative pilot study. A survey of NDNQI site coordinators, who coordinate data collections for NDNQI in each participating hospital, indicated that pilot studies to derive average hours from short stay patient are rarely done and may therefore be rather based on personal “estimations”.

Electronic medical records track check-in and check-out times of patients and have the potential to collect accurate information on actual hours for all patients. However NDNQI data indicate that only about 6% of NDNQI units use M4 (actual hours for inpatients and short stay patients). The remaining 94% of units rely on a midnight census based measure (M1, M2, M3, M5). The reasons for employing a midnight census based measure are obviously the high reliability of the measure and the simplicity of the approach. However the data source for short stay patient hours is critical to the reliability of the method.  This study found that for units with short stay patients, M5 based on a noon and a midnight census could be a reliable and efficient way to collect patient days data, including short stay patients. Short stay patients are mainly present during the day and would be captured by a noon census. Preliminary analysis using the study data comparing mean patient days based on 12 measurements per day (quasi-gold standard) and the mean patient days based on noon and midnight census found an excellent ICC of 0.966 [0.956-0.973]. Therefore, very little additional information is gained from the more burdensome data collection approach.

Limitations

Units were clustered in hospitals. The ICC for the dependent variable in the regression analysis the ratio of the routine patient days and the patient days from the multiple census study is 0.17 [0.04-0.32] and indicates some extend of clustering in the data. The employed Bayesian regression analysis does not take the clustering of the units within hospitals into account which would have required additional substantial coding for the simulation. 
The regression analysis employs patient day methods and the degree of short stay patients as independent variables. Potential relevant factors like the occupancy rate or the length of stay remained unmeasured in this analysis which might have had an impact on the dependent variable. 
Conclusion

The study demonstrates that almost all NDNQI units use a patient day data collection method that meets the highest reliability standards and therefore contributes to the reliability of quality indicators such as fall rates and total nursing hours per patient day. 
For nursing administrators and researchers with primary data collections of patient days a noon and midnight census based patient day measure seems to be a reliable and easy to employ method for units with short stay patients. Especially for units without the possibility to extract actual admission and discharge times from electronic systems this approach might be a valuable alternative. 
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