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1 Introduction

1.1 Background

Sepsis is the body’s extreme reaction to an infection. However, diagnosing a child with

sepsis has different criteria than diagnosing an adult with sepsis, which is evident from

the bolded text in Figure 1 (1). Regardless of age, sepsis is a life-threatening condition that

attacks the body quickly. It is a main cause of global morbidity and mortality, with peak

mortality occurring in pediatric and elderly patients (2). Based on a systematic review with 15

studies included in the meta-analysis, they found that there are, on average, 48 sepsis cases

in children per 100,000 person-years. Within these cases, mortality ranged from 13 to 54% (2).

The majority of deaths from children with severe sepsis occur during the first 24 hours after

the children are referred to the pediatric intensive care unit (3).

Figure 1: Differences in Sepsis Symptoms Between Adults and Children

1.2 Problem and Motivation

Since sepsis attacks the body so quickly, timing is of utmost importance when treating

children with sepsis. A child can appear healthy one moment and quickly develop sepsis

and need to be put on life support, so detecting sepsis as soon as possible is critical. Once

detected, delivering antibiotics to a septic child within one hour is critical, with a noted

decrease in mortality by 40% (4). The data showed that the children who received antibiotics
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within one hour had, on average, a shorter hospital length of stay and shorter in-hospital

mortality rate (5). Evidently, timing is critical when treating sepsis.

Though it is known that identifying sepsis early and treating patients within one hour

is critical, there is no implementation in place to accomplish this. After speaking with Dr.

Fackler and other attending physicians at the Johns Hopkins PICU, it is evident there is a

communication issue when it comes to treating children with sepsis.

1.3 Goals

Although a process map exists regarding the team members involved when it comes to

treating sepsis, the map is not finalized as it is still missing several members and workflows.

We will finalize this map by interviewing providers as well as collect timestamps regarding

the people on this map. With this data, we will perform a gap analysis and see where there

is the biggest lack of communication. Our goal is to find a viable solution to this problem

and indirectly improve treatment outcomes by successfully providing IV antibiotics within

an hour to children diagnosed with a serious bacterial infection.

2 Technical Approach

The project workflow was split into the following main components:

1. Augment the Process Map

2. Collect Data and Perform Gap Analysis

3. Develop a Communication Solution

4. Test Efficacy of Solution (if time permits)

2.1 Process Map Augmentation

Augmenting the process map involved conducting clinician and provider interviews with the

help of Chen Wang, a Master’s student who was currently working with Dr. Fackler. We started

by interviewing Dr. Dave Procaccini, a pharmacist at the Children’s Pharmacy at the Johns

Hopkins Hospital, to learn more about the pharmacy’s workflow for delivering antibiotics

and any potential room for delays. We then met with David Reisz who manages the Versus

Information System (VIS) at the Hopkins Hospital in order to learn about potential tracking

technology that we could use to track both antibiotics and personnel. We were also able
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to meet with Anatoly Gimburg, the Vice President of Facilities Management for the JHHS,

and he gave us a tour of the pneumatic tube system that connects all the Hopkins Hospital

buildings.

2.2 Data Gap Analysis

The bulk of our time was focused on this component, where we performed a gap analysis on

the dataset of timestamps to determine and create a solution to the lack of communication

that occurs when treating pediatric sepsis patients. To do this, our original plan was to re-

purpose the existing Versus Information System (VIS) tracking technology in the hospital. VIS

is a real-time locating system that was initially introduced to hospitals as a way of tracking

the locations of nurses and patients within a hospital. The system uses infrared and radio-

frequency-based tracking to identify room-level locations rather than approximate locations.

Rather than using it to track nurses, we planned to collaborate with the hospital pharmacy to

place VIS tags in the bags containing the antibiotics in order to track their location throughout

the delivery process. We hoped this would not only give us an idea of how the antibiotics

go from the pharmacy to the patient but also where and when delays happen; and whether

there are any specific problem areas within the hospital.

Due to limitations beyond our control, we were unable to get hold of the VIS tags from the

hospital. Instead, we were able to access secondary data from the hospital’s patient database.

The dataset included timestamps of the antibiotics throughout their delivery process. We

used this previously existing data to perform our gap analysis. Our findings will be discussed

in our Results section. However, a key finding was that the biggest time delay occurred when

delivering the antibiotics from the pharmacy to the PICU. This information was critical as we

developed our solution.

2.3 Develop a Communication Solution

After the successful collection and analysis of the data, we intended to export the tracked

locations and correlate them to team members in charge of transporting or administering

the antibiotics at those locations. Essentially, we planned to use the timestamps from our

data in relation to our process map to further develop the antibiotic administration workflow.

We planned to use this information in combination with either VIS’s internal alert system

or Epic’s secure chat to develop an alert system that would contact relevant personnel and

inform them when it is their turn to take over antibiotic delivery. Before implementing our

alert system, our first milestone was to develop real-time visibility of the antibiotic delivery
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process. This entailed researching a way to track the antibiotics.

Initially, our approach was to use VIS tags, which, as mentioned earlier, are small devices

that can track the location of items in real time. However, further research revealed that

the pneumatic tube system used to transport antibiotics from the pharmacy to the clinic

would pose a significant limitation to this approach. Specifically, the VIS tags relied on IR

tracking, which required there to be a line-of-sight between the tags and their receiver. Due

to the opaque nature of pneumatic tube capsules, IR tracking would be impossible until the

antibiotics were taken out of the capsules. However, one main problem we identified through

our gap analysis was that there is no way to tell once a capsule containing the antibiotics has

reached the PICU through the pneumatic tube. Nurses come by the tube station irregularly to

check for deliveries, but there is no formal alert system, so that leaves much room for delays.

Our idea for a solution to this problem was to implement a Bluetooth proximity sensor

to detect the arrival of important capsules carrying antibiotics. We aimed to place a Nutale

BLE tag inside the pneumatic tube capsule containing the antibiotics and have an ESP32

microprocessor acting as a receiver by the tube station. In this way, when the capsule reaches

the PICU, the microprocessor picks up the Bluetooth signal and uses the strength of that

signal to estimate proximity. The microprocessor can be programmed to send notifications

once the signal has reached a certain strength in order to alert nurses to the fact that the

antibiotics have arrived. Placing one microprocessor in the pharmacy and one at the PICU

tube station could also allow detailed tracking of individual capsules in order to collect data

on how long deliveries take and whether there is any need for alternative policies in the event

of stalled deliveries. This new solution entailed using the Bluetooth proximity sensors to

track the arrival of antibiotics from the pneumatic tube while the VIS tags could be used to

track the location of the antibiotics within the PICU. However, access to the VIS tags was not

possible, necessitating a third solution.

After extensive research, we decided to take inspiration from “Implementation of a

Web-based medication tracking system in a large academic medical center” (Calabrese and

Williams 2012), which describes the implementation and effect of a live tracking system using

barcodes for the delivery of medication within the Cleveland Clinic. The paper suggested

that just like traditional package delivery through companies like FedEx, where barcodes

are scanned at different locations to provide electronic delivery tracking for vendors and

the end-user, pharmacies can also use barcodes on medications to track patient-specific

medications during the delivery process in order to decrease medication turnaround time

and improve overall workflow efficiencies (6). Due to the positive results from this paper,

we found it to be a great suggestion for a new way to track antibiotics that we had not yet



2.4 Test Efficacy of Solution (not done) 6

considered. Hence, our final solution entailed using the Bluetooth proximity hardware to

track antibiotics within the pneumatic tube and barcode scanning to track antibiotics within

the PICU.

Through our interview with Dr. Procaccini, we found that barcode scanning is already

used in the pharmacy to track when medications have been sent to the PICU, but these

barcodes are then unused so there isn’t any way to track the medications past that. We

aimed to identify key points in the delivery process where nurses could be asked to scan

the unique barcode on each medication order and automatically update a timesheet. The

barcode scanning process worked as follows: A pharmacist would print a barcode sticker

onto the antibiotic before sending it out through the pneumatic tube. After being alerted that

the antibiotic has arrived at the PICU using the Bluetooth proximity sensor, the next relevant

sepsis team member would use a barcode scanner located at different locations within the

PICU to scan the antibiotic’s barcode. Every time the barcode is scanned, the antibiotic’s

location would be updated.

2.4 Test Efficacy of Solution (not done)

While the proposed solution has significant potential to improve sepsis treatment, it must

be noted that the efficacy of the entire solution altogether could not be tested due to time

constraints and unforeseen circumstances.

Despite these limitations, we made considerable progress in identifying an effective

approach to tracking antibiotic delivery and administration.

3 Results

3.1 Key Findings

The finalized process map, initially started by Chen Wang, was the main contributing factor

that aided us in finding a communication solution. A subset of this process map highlighting

decision-making steps with the largest potential for delays is shown in Figure 2 and serves to

provide a visualization of what the antibiotic delivery process looks like.
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Figure 2: Process Map of Sepsis Management

We were able to acquire some but not all data needed for our gap analysis, as the dataset

we were provided contained timestamps for when orders were placed and administered,

but there was not much information on the steps in between. In fact, after interviewing

Tom Kaszmetskie, a senior business intelligence developer for JHHS Quality and Clinical

Analytics, we learned that the pharmacy does not have a standardized workflow for how to

report rejected or cancelled orders, so none of the available datasets are organized clearly

enough to derive a linear timeline for each order. Moreover, he showed us that in the thirteen

months of data available to him of all PICU antibiotics orders, a timestamp for when an order

was received was only recorded for 221 orders, as opposed to the 6472 timestamps available

for when an order was sent. Essentially, once an order is marked as sent, regardelss of whether

it is sent via the tube system or brought by a runner, we only know when the medication was

received 3% of the time.

To address the lack of quantitative data, we conducted our gap analysis using a combina-

tion of the available timestamps and our interviews from shadowing Dr. Fackler in the PICU.

We suspected that the biggest unknown in the delivery process was the transition from the

pharmacy to the PICU through the pneumatic tube, as there is no alert system for when the

antibiotics have arrived at the tube stations in the PICU, and that is also where the dataset

is largely lacking. Although shipments from the pharmacy to the PICU only take around

2.4 minutes on average, there are about 140 cases per month where it takes longer than 3
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minutes, with the longest delivery taking more than 23 minutes. This information can be

found in Figure 3.

Figure 3: Time Taken for Pneumatic Tube Deliveries between the Children’s Pharmacy and PICU in
April 2023

According to Mr. Gimburg, the pneumatic tube system that Hopkins uses is very old and

can run into issues with ghost carriers, where a capsule may get stuck, but the system won’t

recognize that and will send another capsule, causing the desired delivery locations to all be

offset by one. Problems like these require a complete shutdown of the system and manual

delivery during that time. Even when shipments do arrive within a couple minutes, the lack

of an alert system leads to infrequent checking of the tube station, and we observed that

nurses took up to 10 minutes to pick up a capsule from the PICU tube station once it had

arrived.

All of these findings from the gap analysis served to substantiate the need for Bluetooth

proximity sensing in order to detect the arrival of antibiotics through the pneumatic tube

system. Using the ESP32 microprocessor and BLE tags mentioned earlier and shown in

Figure 4, we tested the accuracy of proximity sensing at the PICU pneumatic tube station

with assistance from Dr. Fackler. Figure 5 shows the PICU pneumatic tube station along

with two of the plastic capsules insulated with foam. After initial benchtop testing to see

whether the microprocessor could detect the presence of the BLE tag and track it using its

MAC address, we placed the tag inside a capsule and placed the microprocessor on the table
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next to the tube station. Although we were a little worried that the plastic and foam insulation

would drastically weaken the Bluetooth signal strength, we were happily surprised to find

that the signal strength consistently stayed between -63 and -70 while the capsule was in

the tube station holding area. Moving the capsule away from the tube station caused the

signal strength to weaken to between -85 and -95 before the signal was eventually lost. The

smaller the negative number, the stronger the signal, so we updated the code to reflect these

findings and print out a statement confirming the arrival of the capsule with the tag if the

signal strength was greater than -70. This could also be modified to send an SMS to my phone

upon arrival or update a timesheet with the arrival information.

Figure 4: ESP32 Microprocessor (Left) and Nutale BLE Tag (right) Used for Bluetooth Proximity Sensing
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Figure 5: PICU Pneumatic Tube Station No. 845

3.2 Significance

Our proposed communication solution of real-time tracking of antibiotics has the potential

to significantly enhance the communication and coordination among sepsis team members

involved in the antibiotic delivery process. This, in turn, can reduce the time required

for antibiotic administration, thereby improving patient outcomes. As mentioned earlier,

timely administration of antibiotics is crucial in sepsis treatment and can significantly reduce

morbidity and mortality rates. With our proposed solution, any reduction in the time required

for antibiotic administration can have a positive impact on patient outcomes, ultimately

improving the quality of care provided to sepsis patients. Furthermore, our solution will allow

for more data regarding how much time each step of the delivery process takes, providing

justification for policy changes in how medications are delivered and received. Overall, the
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significance of our solution lies in its potential to visualize the antibiotic delivery process and

alert relevant sepsis team members in order to improve communication and coordination,

and ultimately enhance the efficiency and effectiveness of sepsis treatment.

4 Management

4.1 Team Member Roles

We each contributed our unique skills and expertise to ensure the success of the project. The

tasks completed by each of us are listed explicitly as follows:

Sofia:

– Met with Dr. Fackler to get a full walkthrough of the PICU, pharmacy, and antibiotic

fridge

– Met with pharmacists at JHMI to get an in-depth look at the antibiotic’s journey in the

pharmacy before being sent off to the PICU

– Met weekly with Chen, Dr. Fackler, and Dr. Ghobadi to provide updates and brainstorm

next steps

– Investigated e-alerts used at other hospitals and summarized relevant papers

– Further researched the barcode scanning system and created design specifications

– Conducted gap analysis using patient data

– Created mock-up of antibiotic tracking display

Rahul:

– Met weekly with Chen, Dr. Fackler, and Dr. Ghobadi to provide updates and brainstorm

next steps

– Interviewed Dr. Dave Procaccini, David Reisz, and Anatoly Gimburg to learn about the

pharmacy workflow, tracking technology, and the pneumatic tube system as well as

help finalize the process map

– Met with Michael Cook and Tom Kaszmetskie to learn about the dataset containing

antibiotic delivery and administration timestamps.
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– Identified barcode scanning solution and summarized relevant papers

– Conducted gap analysis using pneumatic tube delivery data

– Created mock-up of antibiotic tracking display

– Brainstormed, designed, and tested Bluetooth proximity sensing solution

4.2 Dependencies

As shown in the table of dependencies in Figure 6, green signifies that the dependency was

successfully resolved, yellow signifies that the dependency was partially resolved, and red

signifies that the dependency was never met, so the contingency plan was followed.

Figure 6: Dependencies and Plans for Resolving
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4.3 Adherence to Deliverables

At the beginning of this project, we planned to finalize the process map, collect antibiotic

tracking data, conduct a gap analysis, and create a prototype to track the antibiotics from

the pharmacy to the PICU, with our maximum deliverables being the implementation and

testing of that prototype. However, over the course of this project, we realized that some of

these deliverables were infeasible for different reasons, some simply due to time constraints

and some due to factors out of our control. For antibiotic tracking data, we were held up

for several weeks due to uncertainty regarding the availability and functionality of the VIS

tracking technology, and we were eventually unable to acquire the VIS tags for testing, so we

were unable to collect that data. On the other hand, for the gap analysis, we were delayed for

more than a month due to several issues, including a family emergency, change of staff, and

problems with data access. In fact, some of the pharmacy data we expected to have by March

is now only scheduled to arrive in mid-May, so we had to change a lot of our plans for how to

conduct the gap analysis.

Overall, we still managed to accomplish most of our minimum and expected deliverables,

with the remainder in a good place to be continued by whoever picks up this project next. To

summarize:

Minimum (by 3/17/2023):

– Finalized process map of sepsis management workflow (Complete)

– Short report of gap analysis showing where a communication solution is most needed

(Complete)

Expected (by 4/28/2023):

– Physical prototype of communication solution that allows providers to visualize where

the antibiotics are within the hospital (Complete for pneumatic tube deliveries)

Maximum (by 5/18/2023):

– Implemented prototype of communication solution that uses a monitor to display

the location of the antibiotics and whose turn it is within the process map (Unable to

complete)

– Dataset of timestamps and locations for antibiotic delivery after the solution is imple-

mented (Determined to be infeasible due to time constraints)
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5 Conclusion

5.1 Next Steps

Moving forward, our proposed solution for improving communication among sepsis team

members has the potential to be further developed and refined. The immediate next step

is to test the Bluetooth proximity sensor by placing receivers in the pharmacy and PICU

and seeing how well it is able to track a BLE tag as it moves with the antibiotics. Ideally, this

will provide three data points. First, the signal strength will increase as the tag passes the

pharmacy receiver before being sent through the pneumatic tube, which will allow us to

know when exactly the antibiotics were sent. Second, the signal strength will increase as the

tag arrives and gets close to the PICU receiver, allowing us to record the timestamp at which

the antibiotics arrive. Finally, the signal strength will decrease as the antibiotics and tag are

removed from the pneumatic tube capsule and taken to the patient room, which will provide

us with a timestamp of when the antibiotics were picked up from the tube station. These

three timestamps are currently missing from all existing datasets, so being able to collect

this data would provide an accurate measure of the delay between sending and receiving

medications through the pneumatic tubes in order to inform procedural improvements.

Rahul will work on this testing until the end of May and have everything documented so that

it can be picked up by future team members working on this project.

Another possible next step would be to integrate our tracking solution with the hospital’s

electronic health record (EHR) system, such as Epic, to enable automatic alerts to be sent

to the sepsis team members when the antibiotic has arrived at their department. This

integration could further streamline the communication process and improve the efficiency

of sepsis antibiotic administration, potentially leading to better patient outcomes.

Eventually, we also envision setting up monitors or displays in key locations throughout

the hospital to visualize the tracking progress of sepsis antibiotics in real-time. This could

include displays in the pharmacy, the PICU, and the sepsis team’s workstations, for example.

This approach would enable team members to quickly and easily view the location of antibi-

otics and identify any potential bottlenecks or delays in the delivery process. We envision

this display to look like the mock-up shown in Figure 7.

Further research and testing will be necessary to determine the feasibility and effective-

ness of these next steps.
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Figure 7: Mock-up of Antibiotic Tracking Display

5.2 Takeaways

Undertaking this project has been a valuable learning experience, both academically and

professionally. From an academic standpoint, we gained a deeper understanding of sepsis

and the importance of timely administration of antibiotics. We also learned a great deal about

hardware and tracking solutions, including the limitations and benefits of different tracking

methods.

More importantly, this project has helped improve our research skills and taught us

valuable lessons about working with setbacks and challenges. In particular, we learned how

to work effectively in a team, collaborating with each other and others to develop and refine

our proposed solution. Through our discussions and feedback, we were able to identify

potential issues and find creative solutions to overcome them.
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