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Abstract

	This project was intended to research and study the effects of stationary and mobile fetal monitoring use at Community North Hospital and Community South Hospital. Community North Hospital uses GE fetal monitoring in a mobile condition with the monitors mounted to the top of a mobile cart. The staff is able to relocate the devices to any room and use the units without any assignment to a particular room. Community North does not have enough fetal monitoring devices for each room. Community South Hospital uses GE fetal monitoring in a stationary condition with the monitors placed in each room and has enough monitors for each room. The project was designed to simply extract and filter the failures and costs of failures that each facility experienced over a three-year period through Aramark’s Idesk CMMS software through percentages. Through the use and interpretation of this data there has been affects drawn from the results. The cost of repairs and the life of the units have been considered. The relationship of this data will help determine which style of monitoring is most cost effective and preferred. After the findings of the study it is more cost effective to support stationary fetal monitors rather than mobile fetal monitors. 








Preface
	This project is intended to fulfill the requirements of the senior project class for HETM 49200 at Indiana University-Purdue University Indianapolis. Before this project started it was the goal of the previous 49000 class to prepare for the final senior project class. In the first class of 49000 there was an expectation to select the final senior project topic by the end of the semester. This goal was fulfilled. Through much deliberation and conversations, a final project topic was selected. I selected the topic of researching and studying the effects of stationary and mobile fetal monitoring use at Community North Hospital and Community South Hospital. The idea of this topic was appealing to me because I was interested in looking at large amounts of data to produce a result that could impact the way medical devices are used. I was inspired by a co-worker who gave me an idea that provoked by interest in the topic of fetal monitoring. 
	I thank the staff of Community North Hospital, Community South Hospital, and the Aramark staff who let me study the large amounts of data they all were able to collect which helped me complete this project. I would like to thank Stacy Monroe, Steve Erdosy, and Kelly Robinson for supporting me and helping me refine, and create ideas for this senior project. I also would like to thank Dr. Barbara Christe, department head of HETM at Indiana University-Purdue University Indianapolis and my professor for this class and many others, who has supported my project, developed my learning and helped me cultivate my final paper into its concluding form. 



Introduction
	Fetal monitoring is an essential part in the labor and delivery process of a patient at Community North. The fetal monitor is designed to monitor uterine and fetal activities including non-invasive blood pressures, heart rates, temperature, oxygen saturation, and ECG or electrocardiography. There are 41 fetal monitors at Community North and 29 fetal monitors at Community South and a total of 11,267 births at Community North and an estimated 5,020 births at Community South over the past three years starting in 2015 and ending in the start of 2018. One place to explore improvements are the fetal monitoring devices in Community North Hospital and Community South Hospital. These two facilities are similar in nature due to the equipment similarity in age and functions, but there is a difference in the way the equipment is actively used. The fetal monitoring equipment at Community North Hospital is currently being used on mobile carts to enable more efficient use of the devices, which makes the staff able to relocate and allocate devices as needed. Community South Hospital uses fetal monitoring in a different way. The fetal monitors that are used at Community South are located in each individual room. Each room is equipped with their own monitor. This project is intended to look at differences in the use, total equipment used, and the percentages of the costs and failures of the devices for each facility to determine, which facility is more efficient in their style of use for the fetal monitoring devices. 
	The importance of this project is relevant for each site that has been evaluated. The availability of this type of data is hard to find in this field, and the ability to share this data is important to those who are concerned with medical device maintenance, up-time and costs. The need to continually review and evaluate medical device failures is prudent to achieve successful outcomes of HTM departments using evidence-based maintenance programs (Wang, 2016). Both North and South sites use an evidence-based maintenance program. Evidence-based maintenance programs allow facilities to deviate from manufactures recommended evaluations or preventative maintenance intervals based on evidence related failures. By evaluating the costs, and ways the devices are used, either mobile or stationary, it can be determined if there is a need to change the way the devices are used or change preventative maintenance intervals based on the failures, and costs of the failures.  
	By evaluating the costs and ways the fetal monitors are used there can be improvements made on the efforts from Aramark and Community to improve the overall costs, and long-term effects of deteriorating equipment if there is an advantage of using the mobile or stationary method of fetal monitoring. In a larger scale this data could be shared to help others research and determine the best way to use fetal monitoring in hospitals and organizations throughout relevant facilities. If there is a correlation of the costs of the devices relating to the way they are used many facilities could decrease costs by appropriately distributing resources in the most efficient way. This project is intended to help others and be a starting point for research on the topic of best practices for allocating fetal monitoring equipment in hospitals and other relevant facilities.  

I. Problems 

1. High cost- There many problems faced in healthcare today for Community Network and Aramark Healthcare Technologies. The first problem initially for this project was to recognize and evaluate the high cost of maintenance for fetal monitoring devices. Replacing parts, maintenance and labor of the fetal monitors is the responsibility of Aramark, but Community Network is responsible for the accessory related failures of the equipment. The factor to reduce the costs of the fetal monitoring repairs and maintenance was the initial focus and problem of the study. To evaluate the supporting costs of the devices will be the primary problem to this study. 	
					
2. Variability of Use- The second problem to address in the study of Community’s use and Aramark’s support of fetal monitoring devices involves the variability of use of the fetal monitors. By addressing the issue of variability and evaluating the high costs of each style of monitoring there could be a reduction in the variability of use for Community Health’s use of fetal monitoring devices. With more consistent use of monitoring there will be more consistent results and expectations of costs and budgets for leadership in the organizations involved. 

3. Quality- The third problem the study can address is the aspect of quality at Community Health and Aramark Healthcare Technologies. According to Community Health’s website is states, “Each day we strive to improve health and well-being in the communities we serve.” (Community, 2018) In order to achieve this goal, there needs to be constant and ongoing studies and improvements in all aspects of the healthcare delivered. This study is one way in which a simple focus can bring positive change in the quality of care by evaluating stationary or mobile fetal monitors and the supporting costs associated. Using resources and equipment efficiently to provide quality maintenance and up-time of the medical devices used in the network’s facilities will deliver an exceedingly high amount of quality given to patients and new families. This study focuses on the quality of equipment support and the evaluation of equipment deliver styles to improve quality. Aramark Healthcare Technology’s website states they want to do the following, “drive patient, physician, caregiver and visitor satisfaction.” (Aramark, 2018) With the two goals of each organization that align quality together this study will help drive the problem of quality for Community’s and Aramark’s facility by increasing the quality use of medical equipment maintenance and service. 		

4. Efficiency- Efficiency is important in any healthcare facility. In the article Boosting Healthcare Efficiency via a CMMS the author, Lindsey Walker states, “The competition in the sector is growing at a rapid pace, and facilities that want to stay ahead of their competitors need to ensure that they work at maximum efficiency, increasing their profits in a manner that doesn’t raise the risk of errors, lawsuits, and liability issues.” (Walker, 2016) The author describes the financial gains of healthcare and where it needs to be in the future years to come. This study of medical devices does just that. The study addresses the issues faced with the efficient styles of fetal monitoring devices for Community Health Network and the ability to use the medical devices more efficiently could reduce the costs of service. With an increase in efficiency it can greatly reduce the workload of the biomedical technician. This slight increase in the available time the technician has to improve other areas of work and interests will improve the efficiency of the department and organization. The availability of the data in this study allows for the increase of efficiency of the fetal monitoring devices and workflow of both organizations involved in this study. 

II. Results

1. Total Devices- The percentage of the number of devices at each facility is below. The issue surrounding the study for this was to come up with a way to give a unique description of the data without influencing the results. All of the devices have the ability to attach telemetry monitors to them. There are a few different models which are included below. As the data is displayed below there is a difference in the number of devices at North and at South. North has a total of 58.57% of the devices while South has 41.43% of the devices. The devices are all of the same manufacturer. 


		Figure A: The percentage of fetal monitoring devices for each facility. 

2. Total Cost of Repairs- The total cost of repairs of the devices is considered in the study with a result that is displayed below. The total cost of the repairs to the devices is over a three-year period ranging from the start of 2015 to the start of 2018. The cost is also displayed in percentages to give an uninfluenced result. There is a higher percentage of total repair cost for North compared to the number of devices they own. South has a significantly lower percentage cost compared to the number of devices they own. The device coverage dollar amounts cannot be shared by request of Aramark.  


		Figure B: Total cost of the repairs of the total devices over 3 years. 

3. Total Types of Repairs- The data below is displayed to demonstrate the total types of repairs that have been studied for three years. The figure below describes and illustrates the total types of repairs for each facility and how they compare to each other for mobile and stationary fetal monitors. There is a significant difference describing the PM repairs, corrective repairs, and the accessory repairs for each facility. The There is a higher percentage for North in all categories of repairs compared to the number of devices North has. There are significantly lower numbers for South’s PM repairs, corrective repairs, and accessory failure repairs compared to the number of devices they own. There has only been one interval of PM’s done at both facilities during this study. The alternate equipment management program at both facilities require monitors to be inspected once every four years. This is why there are higher amounts of corrective repairs and accessory failures because the monitors are possibly seen multiple times before they get inspected again. 


		Figure C: Total percentages of the types of repairs for North and South.



4. Estimated Total Births- The estimated total births for both facilities is listed below. The data is estimated because there was accurate data given for North’s number of births for the past three years, but there was only two years given from South’s number of total births. The estimated amount comes from the average of South’s two years to make a third year of estimation, which is consistent with the previous number of births for the facility. The figure below describes the percentage of births for each facility. North has 69.2 percent of the total births, and South has 30.8 percent of the total births. When given this data we can see that North has the majority of births. There is a closely compared number of births to the total repair costs for the past three years, but there is still a higher percentage of repair cost compared to the number of births at North, and a lower percentage of total repair costs compared to number of births at South. This can be a good indicator of what is causing the failures, but not all of the devices are used in an equal amount of births. The usage of the devices is random, and staff training can also contribute to the differences in costs, and repairs. The average number of births a device at South can be used for deliveries is 57.7 births per year. The average number of births a device at North can be used for deliveries is 91.6 births per year. If all the devices were used equally then there could be relation to this data to the cost of failures, but since a device could be used more than another device and can get more wear and tear, then the devices aren’t used equally, and it could be inaccurate. This data gives a look at how often the devices are used overall compared to each facility. The figure below describes the estimated total percentage of births at North and at South. 


Figure D: Estimated Total Births per Facility. 

5. Average Cost per Device- The average support cost of each device for each facility is significant. Using the average cost of support for each device at each facility is an advantage. Looking at a bigger perspective of the costs and how the devices are managed can gain insight into the percentage of supporting costs for each device at each facility. There is more than double the amount of supporting costs for each device at North than at South for the past 3 years. This difference is significant when looking at the average percentage of supporting costs for each device at each facility because we can look at the overall average cost to better understand the scope of the study. The cost of support for a device at North is more than double the amount of Souths device supporting costs. The data below is the average device supporting costs at each facility over the past three years based on the total supporting costs. The device coverage dollar amounts cannot be shared by request of Aramark. 

Figure E: Average Cost per Device 

III. Solutions and Recommendations 
1. Supply Each Room with Dedicated Fetal Monitors- With the data analyzed there is a higher percentage of PM repairs, corrective repairs, and accessory repairs for Norths devices compared to the number of devices they own. South has lower percentages of all repairs in all categories compared to the number of devices they own. By supplying each room with a dedicated monitor, there would be a drop of failures across the spectrum and limit the amount of money spent on the devices. There is also another benefit from this. When devices are moving throughout the hospital it is much harder to clean and requires more coordination and effort on the staff to get the units cleaned and ready for use, when normally the room could be deemed as “dirty” and the staff cleans it and moves on to the next room. Instead, the rooms are deemed “dirty” and then the monitor gets moved to another location to get cleaned and moved back to a room that needs it once it is properly cleaned. There are multiple benefits for having a dedicated monitor in each room, but there is an initial cost in supplying these monitors for each room. Once it is determined how many monitors are needed there can be an accurate evaluation done to check if it is cost effective and will be of higher value to buy monitors for each room. By supplying each room with a dedicated monitor at North, there could be improvements in efficiency due to the amount of time it takes to move the monitors and clean them in a different location. The amount of time the staff spends doing these tasks is time taken away from patients, and care. This can improve the staff’s efficiency. By supplying each room with a monitor, improved efficiency is a way to justify the burden of the initial cost of acquiring devices for all rooms. With all rooms supplied with monitors, there could be a reduction in labor from moving and cleaning the equipment in a different location and this could help offset costs that are allocated to the new monitors that could be purchased and improve patient stay by adding time to care for the patient, instead of moving equipment. 

2. Training- After reviewing the data and results there can also be a recommendation of required training for the nursing staff. To reduce repair costs, issues and complaints there can be mandatory training on the monitors once a year to inform the staff on proper use, and user maintenance of the monitors. Knowledge is a powerful tool and by training the staff they too will possess the knowledge to treat the equipment with care, and this could also reduce the high amounts of repairs, and corrections done on the monitors every year. In-service training can be held to help the nursing staff increase knowledge about the monitors. Training gives the nursing staff a chance to ask questions on what they see, and the nursing staff can be given advice on how to avoid problems and correct them in an effective and professional way. Training improves staff knowledge, patients stay, and value the equipment has for the patient. 


IV. Conclusion
Each facility at Community has a high expectation of patient care and service. Aramark Healthcare Technologies aligns the goals of each organization to fit the culture, care and value of each organization they serve. To achieve these goals there needs to be constant improvement and growth for each organization to achieve a successful relationship. By studying the effects of mobile or stationary fetal monitors there can be improvements made for both organizations. To reduce the cost of healthcare in simple ways like this over time there will be a better standard of care delivered. The plan is to demonstrate this data and findings to managers and directors of relevant departments to improve the processes that are in place as well as improve the customer relationship Aramark has with each facility. There can be large amounts of money saved if the procedures are put in place. With the project implemented there can be an increase in service, increase in value and a reduction of costs. Improving staff workflow can save significant amounts of money. When implemented this process at North can be more efficient like South. When implemented at a higher volume this can save large amounts of money and increase efficiencies. This project is intended to help both Community and Aramark by adding value and support to the staff and workflow of both organizations. 
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% of Total Repairs

North	
PM Correvtive Repairs	Corrective Repairs	Accessory Failures	1	0.8045977011494253	0.69306930693069302	South	
PM Correvtive Repairs	Corrective Repairs	Accessory Failures	0	0.19540229885057472	0.30693069306930693	



% of Total Births per Facility


North	South	0.69199999999999995	0.308	

Average % Cost per Device per Facility


North	South	1.8098124245040575E-2	8.8954996242691462E-3	


Types of Devices per Facility

North 	
250 Series	120 Series	116 Series	170 Series	0.5	8.5714285714285715E-2	0	0	South	
250 Series	120 Series	116 Series	170 Series	0.24285714285714285	8.5714285714285715E-2	1.4285714285714285E-2	7.1428571428571425E-2	



% of Total Cost of Repairs


North	South	0.74202545395333253	0.25797454604666753	
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