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Summary

Background: The electronic health record (EHR) is increasingly viewed as a means to provide more
coordinated, patient-centered care. Few studies consider the impact of EHRs on quality of care in
the intensive care unit (ICU) setting.

Objectives: To evaluate key quality measures of a surgical intensive care unit (SICU) following
implementation of the Epic EHR system in a tertiary hospital.

Methods: A retrospective chart review was undertaken to record quality indicators for all patients
admitted to the SICU two years before and two years after EHR implementation. Data from the
twelve-month period of transition to EHR was excluded. We collected length of stay, mortality,
central line associated blood stream infection (CLABSI) rates, Clostridium difficile (C. diff) colitis
rates, readmission rates, and number of coded diagnoses. To control for variation in the patient
population over time, the case mix indexes (CMIs) and APACHE Il scores were also analyzed.
Results: There was no significant difference in length of stay, C. diff. colitis, readmission rates, or
case mix index before and after EHR. After EHR implementation, the rate of central line blood
stream infection (CLABSI) per 1000 catheter days was 85% lower (2.16 vs 0.39; RR, 0.18; 95% ClI,
0.05 to0 0.61, p < .005), and SICU mortality was 28% lower (12.2 vs 8.8; RR, 1.35; 95% Cl, 1.06 to
1.71, p < .01). Moreover, after EHR there was a significant increase in the average number of coded
diagnoses from 17.8 to 20.8 (p < .000).

Conclusions: EHR implementation was statistically associated with reductions in CLABSI rates and
SICU mortality. The EHR had an integral role in ongoing quality improvement endeavors which may
explain the changes in CLABSI and mortality, and this invites further study of the impact of EHRs on
quality of care in the ICU.
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1. Introduction

The United States spends more money per capita on health care than any other developed nation
[1]. Despite this exorbitant spending, many patients still do not receive quality care [2]. It is
commonly believed that health information technology (IT), and in particular the electronic health
record (EHR), improves both quality and cost effectiveness of medical care. As such, there is enor-
mous governmental and private investment in EHR technology. The Health Information Technol-
ogy for Economic and Clinical Health Act (2009) allocated 27 billion dollars in incentive payments
to encourage care providers to use EHRs [3]. Many major medical centers have also spent hundreds
of millions of dollars transitioning to EHRs [4]. However, there is a paucity of evidence that EHR in-
vestments improve patient outcomes or reduce healthcare spending.

EHR systems tend to run on inflexible isolated platforms incompatible with each other, posing
particular integration challenges. This creates inefficiency in the exchange of health information
among providers and hospitals, and makes it difficult and expensive to change from one EHR to
another. As a consequence, competition between EHR systems is stifled with only a small number of
companies making up the majority of the market [5]. This is a stark contrast from personal
computers, where consumers can freely transfer their data among different operating systems. The
lack of fluidity in the current EHR market can create barriers to patient care. To justify these
barriers, EHRs must demonstrate their efficacy. Given the growing importance of health IT, rigorous
research investigating EHRs is needed. EHRs must be continuously evaluated for their role in
improving quality patient care.

According to the Institute of Medicine, an EHR must record and store patient information, be
searchable, execute patient care orders, and aid in clinical decision-making [6]. EHRs can be
considered good investments if they either save money or help improve patient health outcomes.
EHRs may save money by increasing administrative efficiency and thus reducing administrative
costs. However, highly computerized medical centers report similar administrative costs as less
computerized centers [7]. The potential administrative efficiencies brought by EHRs are not guaran-
teed, and thus they alone do not justify the use of EHRs. The impetus for EHRs is usually cited as the
potential for improved patient health outcomes and quality of care. Furthermore, improved patient
health can theoretically reduce costs to society at large if disease sequelae are prevented.

Consequently, the majority of studies evaluating EHRs have looked at their ability to improve
quality of care. Despite this aim, empiric benefit to EHR use has not been demonstrated extensively
(8,9, 10]. Some argue that many available EHR systems are fundamentally flawed and will be unable
to realize the potential of health IT [5]. Others suggest that existing literature has not accurately
evaluated EHRs’ utility [11]. Still others posit that the problem does not lie with the systems them-
selves but rather with the way they are used [11]. Two large cross-sectional studies on thousands of
non-federally funded office based practices did not find an association between EHR use and quality
of care [8, 9]. These studies measured physician adherence to recommended practice standards. On
the other hand, positive effects of EHR use have been shown in specific clinical settings with the
strongest evidence found in diabetes care [12, 13, 14]. Another major area of research has compared
EHR systems with and without specific clinical decision support systems (CDSS) [15]. CDSSs use
computer algorithms to provide patient specific care recommendations and have been shown to
reduce nosocomial complications [15, 16]. The most common quality improvement was aiding the
therapeutic dosing of various medications. However, CDSS’s impact on patient health or cost effec-
tiveness remains unclear [15]. Several studies have evaluated the use and safety of computerized
physician order entry (CPOE) systems. Prior data suggests that CPOE decreases medication errors
in the intensive care unit (ICU) setting, but there is mixed data on the effect of EHRs on ICU
mortality [17, 18]. CPOE systems were reported to increase mortality in pediatric intensive care
units, while others found no association [17, 18]. These large cross sectional studies may be
confounded by variations in patient populations and variations in the use of EHRs across practices.
Therefore, impact of EHRs on ICU is not yet clear.
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2. Objectives

To evaluate key quality of care indicators before and after implementation of an EHR, performing a
retrospective cohort study in a surgical intensive care unit (SICU), where efficient quality control is
mandatory for the extensive resource demands.

3. Methods

A retrospective chart review was conducted to record the quality indicators for all patients admitted
to the SICU between Jan 1, 2009 and Dec 31, 2013 (3742 patients). Quality indicators were evalu-
ated for all patients admitted to the SICU two years before (January 1, 2009 to December 31, 2010, n
= 1274) and two years after (January 1, 2012 to December 31, 2013, n = 1229) EHR implemen-
tation. Data from the twelve-month period during the transition to EHR was excluded in order to
minimize the confounding effect that transitioning to a new technology may have had on quality of
care in the SICU (December 31, 2010 to January 1, 2012). We specifically focused on the SICU at
Mount Sinai Hospital during hospital-wide implementation of the Epic EHR system. The SICU
produces some of the most costly medical care in the hospital. SICU resource demands are so exten-
sive that an effective hospital-wide EHR should especially target the quality of care in the SICU - for
example, from EHR-generated algorithms, decision-aides, and safety initiatives (e.g. a “stop” for
drug interactions). The Institutional Review Board provided a waiver of consent to access patient in-
formation for analysis. The Surgical Intensive Care Unit (SICU) is a 14-bed unit in a large tertiary
teaching hospital. There are approximately 750 admissions per year. The unit is closed and all care is
directed by an ICU team which includes an attending intensivist, critical care fellows, surgery and
anesthesiology residents, physician assistants, nurse practitioners and bedside nurses. Post-operative
care is managed for patients from a variety of surgical subspecialties, including general surgery, solid
organ transplant, and surgical oncology. We collected data on length of stay (LOS), mortality, central
line associated blood stream infection (CLABSI) rates, Clostridium difficile (C. diff) colitis rates,
readmission rates, and the number of coded diagnoses. CLABSI was reported as rate per 1000 de-
vice days. C. diff was calculated per 10000 patient days. Readmissions were calculated as total read-
missions during a single patient admission. To control for variation in the patient population over
time, the case mix indexes (CMIs) and APACHE II were also analyzed. Data on APACHE II scores
were utilized from an ongoing PI project that collected data on all SICU patients who expired or
were readmitted within 48 hours during our study period. The data was analyzed to calculate the
correlation between treatment group (pre vs. post-EHR) and each of the health outcomes using the
chi-square test or independent samples t-tests in IBM’s SPSS Statistics. A p-value of less than .05 was
considered significant.

4. Results

There was no significant difference in length of stay, C. diff colitis, readmission rate, or case mix
indexes before and after EHR. The rate of CLABSIs per 1000 catheter days was lower after EHR
implementation (2.16 vs 0.39; Relative Risk [RR], 0.18; 95% Confidence Interval [CI], 0.05 to 0.61,
p < .005). SICU mortality also significantly decreased after EHR use (12.2 vs 8.8; RR, 1.35; 95% CI,
1.06 to 1.71, p < .01). There was a significant increase in the average number of coded diagnoses
after EHR from 17.8 to 20.7 (p <.000, 95% CI, 1.06 to 1.71) and in the APACHE II scores from 15.7
to 18.4 (p <.000, 95% CI, 1.39 to 3.95).

5. Discussion

To our knowledge, this is the only study that reports a significant association of EHR implemen-
tation with lower ICU mortality and CLABSI rates. While several studies have investigated various
aspects of EHRs, few studies demonstrate the role of EHRs on patient outcomes, and these few
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studies tend to focus on outpatient care 8,9, 12, 13, 17, 19, 20]. In our study, CMIs did not change,
suggesting that case complexity in the SICU was constant. There was some increase in APACHE II
scores which may be attributable to the easier ability to accurately calculate them with the EHR. It is
important that CMI and APACHE II did not change dramatically, because this decreases confound-
ing effects of population changes over time. The number of coded diagnoses increased, and this was
most likely due to the relative ease of adding coded diagnoses into the EHR.

There was no change in length of stay after EHR. However, SICU LOS is already low at baseline,
making it less likely to show a significant difference. Rates of 48-hour readmissions were unchanged,
with overall incidence very low. To our knowledge there is no prior research investigating 48-hour
readmission after EHR. Rates of C. diff infections were also unchanged. Current studies suggest the
use of EHR-based detection of risk factors for C. diff infections relapse [21].

CLABSI rates significantly decreased by 82%. In May of 2012 the SICU implemented an EHR-
based daily goals sheet with five top priorities to be addressed by all members of the care team. One
top priority is a daily order for central line necessity, and a requirement to justify the continued use
of a central line each day. This expedites removal of central lines when they are no longer are
required, thereby decreasing the likelihood of infection. Daily goals sheets can increase nurses’
identification of patient goals from 10% to 95% [22]. Though daily goals sheets can be implemented
without EHR, EHRs serve as a powerful reminder to complete them. Daily goal sheets outside of
EHR were used in the SICU beginning in January of 2010. Despite being used for 12 months during
our pre-study period, CLABSI infections still improved after EHR implementation. SICUs are
constantly undergoing quality improvement procedures. Any study investigating EHR in absence of
these ongoing measures would be near impossible. Nevertheless, this is an important confounder of
our study. EHRs help standardize patient records, allowing them to be better understood by the
numerous providers on the care team. At Mount Sinai Hospital, the EHR automatically emails the
unit leadership-director, nurse manager, and nurse coordinator at 9 AM every day of the positive
blood cultures from the day before. The unit leadership does a mini root cause analysis the same
day. This mechanism allows for immediate intervention in patient management as well as linking
and documenting infections to a specific source. Greater efficiency in tracking and reporting infec-
tions allowed the SICU to better implement infection control efforts. Several studies have also found
that reliable computer algorithms can be used in EHRs to monitor CLABSI infections [23].
Expedited culture results act as an aid in physician decision-making. The literature shows that other
physician decision aids, such as clinical decision support systems, are able to reduce rates of
pulmonary embolism and deep vein thrombosis by identifying patients at risk [16].

Mortality in the SICU decreased by 28% after EHR implementation. This mortality decrease may
be partially attributable to a decrease in CLABSI infections or to changes in sepsis management.
One of the strongest determinants of survival from sepsis is the time between hypotension and the
initiation of antibiotics [24]. After EHR implementation, the increased efficiency in reporting blood
stream infections in real time has helped decrease the time to antibiotic administration in sepsis.
Our findings are consistent with prior research that found decreases in mortality and complications
after computerization of patient records across multiple medical centers [25]. Previous data suggests
that CPOE decreases medication errors in adult, pediatric and neonatal intensive care units [17, 19].
Mount Sinai Hospital's EHR has automatic flags prohibiting medication orders if they pose a
heightened risk for drug interactions, allergies, or dosing or frequency errors. In addition to protect-
ing from medication errors, EHRs decrease turnaround time between medication orders and
administration [19].

Quality improvement (QI) initiatives in the SICU were implemented concurrently with the EHR.
One improvement for the SICU was the hiring of more physician extenders, such as physician assis-
tants and nurse practitioners, in October 2012. A second improvement is a palliative care consul-
tation initiative implemented in September 2013 to ensure early involvement of palliative care. This
has helped to promote early discussions about long-term expectations and goals of care as soon as a
patient meets any “trigger” criteria which are screened for with data from the EHR (»>Table 2).
When appropriate, patients are transferred to hospice reducing hospital and SICU mortality. How-
ever, an ongoing study at Mount Sinai investigating the effect of palliative care triggers on SICU and
hospital mortality did not reach statistical significance. Palliative care triggers were also a medical
board initiative in the SICU and showed improvement in patient centered outcomes but failed to
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demonstrate an improvement in mortality. Changes in mortality during the study period may be
attributable to the ongoing QI efforts in the SICU. Its important to recognize the vital, integrated
role of the EHR in each of these QI endeavors.

The impact on quality outcomes after EHR implementation compels consideration of cost effec-
tiveness. In our study, increased coded diagnoses and lower mortality rates contribute to an overall
lower adjusted mortality rating, which increases outcome-weighted reimbursements. A diminished
rate of CLABSI infections also contributes to cost savings. The average cost of care for a CLABSI
infected patient is $45000 [26]. Our study suggests concrete economic benefits after EHR
implementation.

6. Conclusion

The changing landscape of healthcare mandates rigorous research on health information technol-
ogy. In our study, EHR implementation was statistically associated with lower CLABSI and SICU
mortality. However, several QI initiatives geared towards reducing CLABSIs and mortality in the
SICU were implemented concurrently with the EHR. Nevertheless, the EHR had an integral role in
these ongoing QI initiatives, which may explain the improved quality of care in the SICU after EHR
implementation. This warrants further investigation to better understand how EHRs effect quality
of care, and to better elucidate EHR cost effectiveness.
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SICU care, it's important to develop EHRs that improve SICU quality of care.
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Table 1 Patient Quality Outcomes Before and After EHR

a Applied Clinical Informatics

Before EHR After EHR Between Group P value
Comparisons

Case Mix Index 6.15 (+ 4.79) 6.03 (+ 4.62) NS NS #
n=1128 n=1103

APACHE Il Scores  15.73 (+ 4.52) 18.40 (+ 4.78) 2.67 (1.39 to 3.95) p <.000 *
n=296 n=110

Mortality in SICU ~ 12.2% 8.8% 1.35(1.06 to 1.71) p<.01°%
n = 155/1273 n=105/1198

CLABSI* 2.16% 0.39% .18 (.05 to .61) p < .005 $
n = 18/8348t n = 3/7689t

C. diff. colitis 24.6** 26.4%* NS NS*
n=23/9312 n = 24/9051

Length of Stay 6.99 6.76 NS NS #

(Number of days) n=1274 n=1229

Number of Coded  17.81 (+ 10.38) 20.73 (+ 11.55) 2.98 (2.07 to 3.89) p <.000 #

Diagnoses n=1128 n=1103

48-Hour Readmis- 0.4 % 0.08 % NS NS $

sion Rates n=5/1294 n=1/1237

* Lab confirmed blood infections (LCBI); # Rate per 1,000 catheter days; t Number of catheter days; **Rate per
10000 patient days; # Independent samples t-test; $ Chi-square test

Table 2 SICU Palliative Care Triggers

ELIGIBILITY CRITERIA
One of the following must be present:

1. Stay in SICU greater than 7 days

616

2. Any repeat admission to the SICU during this hospitalization
3. Post cardiac arrest
4. Metastatic cancer or locally advanced lung, pancreatic, or head and neck cancer

5. Presence of two or more life-threatening co-morbidities:
Severe brain injury: Glasgow Coma Scale <9 (off sedation),
Hypotension requiring use of a vasopressor agent for >12 hours,
End-stage renal disease: GFR<30,
End-stage liver disease: MELD=>30,
Severe sepsis,
Any active cancer, excluding non-melanoma skin cancer,
Pre-existing tracheostomy, excluding head and neck cancer.
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