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Summary
Objective: Does computerized provider order entry (CPOE) improve clinical, cost, and efficiency 
outcomes as quantified in shortened hospital length of stay (LOS)? Most prior studies were done in 
university settings with home-grown electronic records, and are now 20 years old. This study asked 
whether CPOE exerts a downward force on LOS in the current era of HITECH incentives, using a 
vendor product in a community hospital.
Methods: The methodology retrospectively evaluated correlation between CPOE and LOS on a per-
patient, per-visit basis over 22 consecutive quarters, organized by discipline. All orders from all 
areas were eligible, except verbals, and medication orders in the emergency department which 
were not available via CPOE. These results were compared with quarterly case mix indices organ-
ized by discipline. Correlational and regression analyses were cross-checked to ensure validity of 
R-square coefficients, and data were smoothed for ease of display. Standard models were used to 
calculate the inflection point.
Results: Gains in CPOE adoption occurred iteratively house-wide, and in each discipline. LOS de-
creased in a sigmoid shaped curve. The inflection point shows that once CPOE adoption approaches 
60%, further lowering of LOS accelerates. Overall there was a 20.2% reduction in LOS correlated 
with adoption of CPOE. Case mix index increased during the study period showing that reductions 
in LOS occurred despite increased patient complexity and resource utilization.
Conclusions: There was a 20.2% reduction in LOS correlated with rising adoption of CPOE. CPOE 
contributes to improved clinical, cost, and efficiency outcomes as quantified in reduced LOS, over 
and above other processes introduced to lower LOS. CPOE enabled a reduction in LOS despite an 
increase in the case mix index during the time frame of this study.
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1. Background and Objectives
Over the past three decades, financial constraints, scarce resources, patient preferences, and the 
regulatory environment exerted significant pressure on hospitals to reduce hospital length of stay 
(LOS) [1]. Bundled payments, along with prospective and retrospective payment reductions, as 
examples, have encouraged or incentivized more efficient processes and approaches to patient care 
[2-3]. Hospitals have responded by instituting numerous strategies to shorten patient stays, includ-
ing leveraging capabilities associated with electronic medical records (EMRs) as well as relying on 
traditional human-dependent improvements [4-5]. Recent federal incentives legislated in the HI-
TECH act [6] accelerated efforts to implement EMRs. A key component of certified EMRs is com-
puterized provider order entry (CPOE). The current investigation asks if CPOE favorably affects 
LOS which represents a readily available composite proxy metric for clinical, cost, and efficiency 
outcomes.

At least six studies [7–12] suggest CPOE can contribute to shortened LOS. Five of these studies 
are now more than a decade old; one is over 20 years old. Only one [12] is from the past 3 years and 
it examines LOS only in an emergency department. The CPOE software programs used in these six 
studies were primarily stand-alone or home-grown products. One [9] used a commercial vendor 
product that was “extensively modified” and did not integrate with the hospital’s pharmacy informa-
tion system: pharmacists entered written orders faxed to pharmacy. 

In contrast, a recent study [13] failed to show reduction in either ICU or in total hospital LOS 
after implementation of CPOE. However, that study was limited, as not all orders were available for 
CPOE and other areas of the hospital were not CPOE-enabled. Although the negative findings about 
CPOE and ICU LOS appear valid, their conclusion was questionable in that overall hospital LOS 
was unaffected because CPOE was not available outside of the ICU.

The question of whether CPOE favorably impacted LOS remained imperative. Like most organ-
izations, institution of CPOE was phased and adoption varied throughout our hospital, including in 
different locations, among different disciplines, and among physicians within each discipline. This 
study seeks to ascertain the impact of CPOE on care efficiencies as summarized by the LOS statistic.

The hypothesis of this study is that increasing rates of CPOE adoption led to reduced LOS at a 
community hospital using an unmodified, vendor-supplied EMR with fully integrated pharmacy, 
lab, and imaging systems for ordering purposes. An additional postulate was that phased CPOE 
adoption by discipline caused a phased reduction in LOS within each discipline. 

The analysis includes case mix index (CMI) to determine whether changes in LOS might be ex-
plainable by changes in CMI and thus less attributable to CPOE. CMI provides a standard measure 
for comparing cumulative patient severity of illness and resource intensity across hospitals [14], 
wherein hospitals with higher CMIs treat a greater number of severely ill or resource intensive pa-
tients. Although the CMI mainly affects reimbursement, it is also sensitive to diagnosis related 
groups and comorbid conditions which are potent and proven predictors of LOS. Exploring whether 
CMI changed in conjunction with CPOE adoption would affect explanations for any changes in 
LOS. Finally, this study sought to explore the level of CPOE adoption at which impacts on LOS 
begin to accelerate, once the relationship is established.

To answer the CPOE-LOS question required a quasi-experimental retrospective correlational de-
sign [15], relating changes in LOS with CPOE adoption rates throughout the organization and with-
in different disciplines. To our knowledge there have been no such studies, and none in the current 
healthcare environment. 

2. Methods
The methodology quantified the correlation of CPOE adoption with LOS while considering CMI. 
We did not control for other projects and initiatives affecting LOS during the study period.

Holy Spirit Hospital is a suburban community hospital in Pennsylvania with 270 acute care beds. 
The medical staff is responsible for all inpatient orders. Many of the physician groups have physician 
assistants and some have specified practice RNs who assist in entering orders. The hospital enjoys 
affiliation with a local university medical center, and with several medical, nursing, and physician 
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assistant (PA) schools within Pennsylvania and elsewhere. There are a handful of medical students, 
several PA students, and numerous nursing students, and only one or two residents, usually on the 
surgical service.

In the second quarter of 2009 the responsibility for most medical inpatients and for medical con-
sultations devolved to full time hospitalists whereas previously a single, large internal medicine prac-
tice cared for these patients. CPOE became available to the hospitalists mid-2008, so the bulk of the 
CPOE and LOS data reflect a fairly consistent practice pattern. Specialists were and still are largely 
private groups.

The hospital implemented an EMR (Sunrise Clinical Manager©, Allscripts©, Chicago) in August 
2007. CPOE began February 2008. Over the subsequent 5 years the EHR grew to include other mod-
ules such as nursing and allied health documentation, electronic medication administration, medi-
cation reconciliation, and electronic physician documentation. Once trained on the EMR, most 
users did not require retraining except for new modules as they were introduced. We suspect that 
with repetitive use over time users became more proficient and efficient with use of CPOE. From 
2008 until the end of 2013, the duration of this study, CPOE grew to greater than 90% of all orders 
house-wide, with varying adoption rates within physician disciplines. 

This retrospective, correlational, interrupted time series study included data for 66 consecutive 
months from July 2007, through December 2012, representing 22 consecutive quarters. Data in-
cluded 76,972 discharges with 6,135,994 eligible orders. Eligible orders included all pharmacy 
(medication and intravenous), laboratory, cardiology and radiology imaging, nursing care, admis-
sion/discharge/transfer, consult, respiratory therapy, ancillary services (physical, occupational, and 
speech therapies), and dietary orders from all inpatient floors including the behavioral health unit. 
All of these orders were integrated into the EMR as both the source of the CPOE and the corre-
sponding results repository and retrieval. The only exclusions from CPOE calculations were verbal 
orders, and medication orders in the emergency department which were not entered electronically 
until after the study period.

De-identified data were downloaded from the EMR for analysis. Initial data analysis focused on 
the overall CPOE and LOS statistics. The data base was sufficiently robust to permit breakdown of 
CPOE rates and LOS first on a per-patient/per-visit basis, and then by the discipline of the attending 
physician. The categorization of discipline for CPOE and LOS data resided in the Allscripts© data-
base, whereas for the case mix index (CMI) this originated in the business decision support software 
(Siemens OAS Financials©). These two sets of definitions did not match completely, but overlapped 
sufficiently to allow for analysis and from which to draw reasonable conclusions.

Data were summarized by quarterly average LOS in aggregate house-wide, and by the 19 clinical 
disciplines for which sample sizes were statistically adequate. Annualized (four quarters) moving 
averages were also computed for LOS data as a smoothing strategy for ease of visualization in 
graphics and analysis due to the degree of variability. Concurrent CPOE data utilization rates (i.e., 
adoption) were computed as quarterly figures calculated by attending of record, by discipline, and 
cumulatively house-wide (no smoothing applied). Sample sizes for any quarter exceeded all a priori 
power analysis sample size requirements by greater than 3-fold.

Correlational and regression analyses focused on quantifying the degree of predictive relation-
ship between CPOE and LOS. Pearson’s correlation coefficients were computed for all disciplines 
collectively (house-wide), and by disciplines individually using LOS as a continuous variable and 
CPOE adoption rate as a percentage, with arcsine [16], probit [17–18], and Fourier [19] trans-
formations for confirmatory purposes. The p values remained unchanged significantly throughout 
transformation and confirmatory analyses. LOS was analyzed as a 3-quarter moving average as a 
smoothing technique. 

Regression analyses were pursued to further describe the CPOE-LOS relationship, as well as the 
predictive strength as quantified by R-square coefficients. All statistics were evaluated for signifi-
cance at a minimum of p<0.05. All analyses were conducted using SPSS for Windows (IBM© SPSS© 
version 21.0), and all graphics were created in Excel 2010© (Microsoft©). For statistical tests, the con-
servative sample size figures (n) for LOS were the number of discharges by discipline, and for CPOE 
it was the number of quarters of data analyzed.

The Holy Spirit Hospital Institutional Review Board granted a waiver of informed consent based 
on the minimal risk of divulging personal health information.
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3. Results
Descriptive statistics for CPOE and LOS pre- (quarters 1 and 2) and post-CPOE (20 quarters) are 
summarized in ▶ Table 1. The gains in CPOE, and the corresponding changes in LOS, were statisti-
cally significant for 13 of the 19 disciplines and for the disciplines collectively (i.e., house-wide). 
There was no significant change in LOS for the remaining six disciplines: Gastroenterology, Oncol-
ogy/Hematology, Otolaryngology, Neurological Surgery, Oral Surgery, and Plastic Surgery.

Prior to installation of an EMR, LOS had been declining slowly. LOS was 4.58 days during the fis-
cal year 2006 (July 2005-June 2006), 4.46 days in 2007, and 4.41 days in 2008. The last figure differs 
slightly from the LOS data in ▶ Table 1 due to use of a different time interval.

3.1 Predictive Correlation: CPOE and LOS
The regression solutions for LOS and CPOE verified statistically significant linear solutions for both 
variables across time house-wide (▶ Figure 1): CPOE (R2=0.981, p<0.001; r=0.990, t=45.555, 
p<0.001; b=0.041, p<0.001); LOS (R2=0.579, p<0.001; r=0.761, t=7.977, p<0.001; b=-0.013, 
p<0.001). 

The linear regression model for CPOE as a predictor of LOS was also statistically significant 
(R2=0.637, p<0.001, see ▶ Figure 2), and no other model (i.e., quadratic, cubic, etc.) resulted in a sig-
nificantly better fit (i.e., R2 change). The slope was statistically significant in an inverse direction 
(b=-0.338, p<0.001). The R2 of 0.637 is interpreted to mean that 63.7% of the variation in CPOE can 
be explained by a correlated variation in LOS. 

Identical analyses were conducted for each of the 13 disciplines for which statistical significance 
was shown previously. Results revealed similar correlational and regression patterns, although each 
statistically less pronounced at the individual discipline level than for the house-wide collective due 
to reduced sample size (▶ Table 2, all R2 values reflect a linear model). Statistically significant corre-
lations were verified for each of the 13 disciplines individually, reconfirming the inverse relationship 
between CPOE and LOS (▶ Table 2).

Correlations for the remaining six disciplines were not statistically significant due primarily to 
sample size limitations, although each showed an appropriate trend in the negative direction.
▶ Table 2 also shows the adjusted R2 value for the house-wide correlation which infers that ap-

proximately 63.7% of the reduction in length of stay correlates to the use of CPOE.

3.2 Adding CMI to the Analysis:
In the 22 quarters, the case mix index (CMI) increased slightly but significantly for the organization 
as a whole as well as for 13 disciplines, all concurrent with significant reductions in LOS for com-
parable time periods (▶ Table 3). The disciplines listed in the CMI data represent aggregations as re-
ported from financial data sources which are not identical to the CPOE/LOS discipline labelling re-
ported from the electronic health record. 
▶ Figure 3 shows the CMI across the 22 quarters of the study data, summarized by FY to ensure 

statistical stability (p values shown are for t-tests for percent change versus zero), graphed against 
the changes in CPOE and LOS. Scaling masks the statistically significant rise. 

3.3 Inflection Point for LOS
The inflection point in the LOS vs CPOE curve indicates the point in CPOE adoption at which LOS 
begins to change rapidly and the full benefit of CPOE begins to be experienced. ▶ Figure 4 shows 
the sigmoidal, polynomial solution for the trend analysis. 

This polynomial regression solution revealed the curvilinear relationship as the most significant 
solution, with R2 = 0.887, representing a 25.03% increase in the R-square value over the simple linear 
relationship previously verified. The importance of this solution is the clear indication of an inflec-
tion point at which LOS begins to statistically fall as CPOE adoption reaches a critical level. The 
computed inflection point [20] was 58.31% CPOE adoption, with standard error of 4.05 (95% confi-
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dence interval 54.26–62.36%). The interpretation is that LOS began to drop statistically when CPOE 
adoption achieved roughly 60%.

3.4 Other Initiatives and Programs of Note
During the period of the study the hospital’s physical facilities underwent refurbishing, staffing was 
reduced, and there were new initiatives which increased the burden of care on providers. These in-
cluded documentation improvement and budgetary constraints (data not shown). Process improve-
ments that may have improved LOS included interdisciplinary rounding in certain areas such as 
critical care, educational efforts to increase awareness of the need for shortened LOS, and greater 
awareness of the distinction between observation and inpatient admission status. Any or all of these 
factors may have contributed to an increase or decrease in LOS, or had no effect at all. The analysis 
included all observation and full admission patients, but we did not attempt to measure the impact 
of these other aspects.

4. Discussion
This analysis clearly shows a statistically significant inverse association between CPOE and LOS. 
That correlation supports the hypothesis that an increase in CPOE utilization and adoption leads to 
a decrease in LOS, which serves as a readily available, industry-ubiquitous proxy metric for clinical, 
cost, and efficiency outcome. The quantification of the inflection point further solidifies the impact 
of CPOE on LOS in a community hospital setting, and underscores the importance of reaching criti-
cal tipping points in CPOE adoption. While these reductions in LOS were achieved in parallel with 
other hospital efforts designed to lower LOS, the rising CMI and strength of the relationship lead to 
the conclusion that CPOE was arguably the strongest contributor to the improvement experienced. 
Further, the analysis by discipline confirmed the relationship between CPOE and LOS by most dis-
ciplines, especially those most amenable to improved LOS, even as other pressures and initiatives af-
fected the clinicians.

LOS decreased slowly even before implementation of an EMR. Between 2005 and 2006 there was 
a 0.12 day drop in LOS, and between 2006 and 2008, when CPOE began, there was only a 0.07 day 
decrease. From 2008 until the end of the data collection for this study in 2012, LOS declined a 
further 0.97 days. This study shows that CPOE was a major influence of this far more dramatic de-
crease.

Two other factors provide confidence in CPOE as one of the major contributors to the reduction 
experienced, if not the major factor. First, the smoothness of the changes in both CPOE and LOS, as 
illustrated in the graphics provided, do not represent the commonly experienced jumps followed by 
plateaus seen in most time series studies related to continuous improvement undertakings [21]. Sec-
ond, the magnitude of the R2 associated with CPOE is far beyond any expectation of predictive value 
for a single variable in such a complex outcome as LOS [22].

Prior studies in university hospitals showed reductions of LOS when residents were the primary 
users of CPOE as part of home-grown EHRs. This study reflects efforts within a community hospital 
with both employed and independent practitioners and only a few residents, using a vendor-pro-
vided solution. Prior studies did not examine this combination. The current findings suggest that 
highly generalizable improvements are possible within a wide range of settings. 

An interesting finding was the computation of the inflection point for LOS, or that point in 
CPOE adoption at which reduction of LOS accelerated: around 60%. LOS was not substantively af-
fected until CPOE reached a certain threshold or tipping point, even though early drops in LOS 
gained some traction, but not until the inflection point was reached did the drop in LOS gain mo-
mentum. Federal requirements associated with stage 2 Meaningful Use requirements under the HI-
TECH Act regulations call for CPOE to account for 60% of medication orders, but only 30% of lab-
oratory and radiology orders [23]. The meaningful use requirements may not yet be rigorous 
enough to demonstrate a true return on investment for EMRs, at least with respect to lowering LOS, 
which may account for the disappointment that some have expressed with the meaningful use regu-
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lations thus far. The data from this study imply that the full benefits of CPOE for lowering LOS will 
not be reached before adoption exceeds 60% for all orders.

Given that hospitals have made many process changes to shorten LOS, how does CPOE con-
tribute an even further decline? CPOE increases efficiency [24–25], decreases turn-around-time 
[26], and decreases the likelihood that a clinician will order an unnecessary antibiotic [27-28]. One 
study noted that when physicians reviewed results, informational messages regarding a patient’s pro-
visional diagnosis-related group and current length of stay, while not the same as CPOE, did help to 
reduce LOS for intervention group patients [29]. In the aggregate, all of this information, examined 
in light of the robust literature cited, supports the interpretation that CPOE in and of itself may be 
an independent factor in LOS reduction.

One limitation of the study is its retrospective design. Only a retrospective design could test the 
effects of CPOE on LOS without risking severe Hawthorne effects, wherein conscious or uncon-
scious efforts to reduce LOS during adoption of CPOE would explain the reduction, rather than a 
direct effect of adoption. Additionally, the data were defined at the per-patient, per-visit level, which 
controlled for clinicians opting not to use CPOE consistently, which helped to compensate for the 
retrospective data collection.

Data on other initiatives that focused on LOS reduction were not part of this study, nor was there 
any practical way to control for these. The hospital did not substantially alter its case management 
processes during the data collection time frames, which also pre-date institution of Medical Homes 
and value-based purchasing contracts. There may have been other changes in practice patterns or 
treatment guidelines but this study did not investigate these factors. Despite the numerous other 
programs the hospital did undertake to reduce LOS starting well before the introduction of CPOE, 
LOS did not change significantly until CPOE began. Taken together, these factors mitigate the limi-
tations of the study methodology. This study cannot establish causality between CPOE and LOS due 
to these and other unidentified confounders.

Analyses at the discipline level showed that the likelihood of reduced LOS is directly proportional 
to the CPOE rate across disciplines. Disciplines where CPOE did not significantly correlate with re-
duced LOS included those for which LOS was generally pre-determined by design. For example, 
with respect to Ob/Gyn, Pennsylvania mandates a minimum two day maternity stay. Even before 
CPOE, LOS in the Ob/Gyn department, which has disproportionately more obstetric than gyneco-
logic care, was only 2.5 days. The Orthopedic service includes a large proportion of elective joint re-
placement procedures for which a length of stay of three days has not changed over the years, prob-
ably due to standardized care and discharge plans. Similarly, disciplines such as Cardiology and 
Neurosurgery, despite caring for a wide range of patients with various diagnoses, have inpatient 
lengths of stay determined largely by well-established guidelines for LOS.

Since analysis of the data is on a per-visit basis it is not relevant whether the attending physician 
of record as opposed to other specialists did or did not utilize CPOE. Rather it was the total burden 
of orders during that visit that determined the relationship between CPOE usage and LOS. One ex-
planation for the variability of LOS within any given discipline over time is that some patients had 
greater or fewer orders by the attending physician versus consultants with varying CPOE adoption 
rates. This is not a limitation in the current study since the magnitude and direction of the relation-
ship between CPOE and LOS in each service is similar, which supports the conclusion of a corre-
lation between these two metrics.

Research which studies these questions must be careful to ensure comparable workflows before 
and after inauguration of CPOE. In one study [30] CPOE appeared to increase LOS in an emergency 
department. However, prior to institution of CPOE, patients were seen first by the triage nurse, and 
then were registered. After CPOE, registration occurred immediately, falsely increasing LOS. When 
making LOS calculations and attributing them to a certain intervention, one must be attentive to 
workflow changes that might impact the data. Workflows during the course of data collection for 
this study did not change. Future researchers in this arena should be attentive to the impact of work-
flow on CPOE and LOS measurements.
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5. Conclusions
Increasing rates of CPOE in a community hospital using an unmodified vendor EMR correlates 
with reduced inpatient length of stay. Most regard reduced LOS as quantitative evidence of im-
proved clinical, cost, and efficiency outcomes. It should be anticipated that similar reductions can 
occur in non-university hospitals, using a vendor product, where there are employed and commu-
nity based physicians and their physician extender staffs. Length of stay continues to decrease 
beyond the well-known economic pressures of DRG payments, per capita payment plans, and maxi-
mization of hospital efficiencies. CPOE enabled a reduction in LOS despite an increase in the case 
mix index during the time frame of this study, further showing that CPOE adds a true return on in-
vestment despite sicker patients requiring more intensive interventions and therapies.

6. Clinical Relevance
The meaningful use incentives included in the HITECH Act of 2009 clearly accelerated the rate of 
adoption of health care information technology, but the return on that investment has been far more 
difficult to demonstrate. The results of this study show that CPOE, a key component of healthcare 
IT, contributes substantially to reduced length of stay which in turn augments its return on invest-
ment, and has tangible and measurable benefits for patients and providers.
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Fig. 1 Statistically significant time-series linearity for CPOE and LOS.
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Fig. 3 Case Mix Index (CMI) graphed against the CPOE adoption rate and smoothed LOS.
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Table 2 Relationship between CPOE Adoption and Length of Stay

Discipline

House-Wide

Cardiology

Family Medicine

Hospitalists

Internal Medicine

General Medicine

Nephrology

Hematology/Oncology

Pulmonary

General Surgery

Orthopedic Surgery

Thoracic Surgery

Vascular Surgery

Urology

r

-0.798

-0.278

-0.431

-0.297

-0.799

-0.918

-0.513

-0.367

-0.301

-0.695

-0.782

-0.335

-0.552

-0.483

R2

Value

0.637

0.077

0.186

0.088

0.638

0.843

0.263

0.135

0.091

0.483

0.612

0.112

0.305

0.233

Percent

63.7

7.7

18.6

8.8

63.8

84.3

26.3

13.5

9.1

48.3

61.2

11.2

30.5

23.3

p

<0.001

0.036

0.008

0.032

<0.001

<0.001

0.003

0.015

0.031

<0.001

<0.001

0.022

0.002

0.004

Research Article

R. Schreiber, K. Peters, S.H.Shaha: CPOE reduces length of stay in community hospital
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