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Objective: The coronavirus pandemic has highlighted the need to simplify data collection for critically-ill patients,
particularly for physicians relocated to the ICU setting. Herein we present a simple, reproducible, and highly-
customizable manual-entry tool to track ICU patients using new HIPAA-compliant Google Big Query technol-
ogy for parsing large datasets. This innovative flow chart is useful and could be modified to serve the particular
needs of different sub-specialists, particularly those that either rely heavily on hand-written notes or experience
poor electronic medical record (EMR) penetration.

Methods: The tool was developed using a combination of three Google Enterprise features: Google Forms for data
input, Google Sheets for data output, and Google Big Query for data parsing. Code was written in SQL. Sheets
functions were used to transpose and filter parsed data. White and black box tests were performed to examine
functionality.

Results: Our tool was successfully able to collect and output fictional patient data across all 57 data points
specified by the intensivists and surgeons of Cardiovascular Department of Mt. Sinai Morningside Hospital.
Conclusion: The functional tests performed demonstrate use of the tool. Though originally conceived to simplify
patient data collection for newly relocated physicians to the ICU, our tool also overcomes financial and tech-
nological barriers previously described in low-income countries that could dramatically improve patient care and
provide data to power future studies in these regions. With the original code provided, implementers may adapt
our tool to best meet the requirements of their clinical setting and protocols during this very challenging time.

1. Introduction

The coronavirus pandemic has changed medicine dramatically
across the globe. Elective cases and non-emergency visits were and
continue to be mostly canceled, leaving many physicians with substan-
tially altered workloads. One such group is surgeons, who had their
operative schedules cancelled by political and/or institutional orders
and their job descriptions precipitously altered to become participants in
the care of critically ill coronavirus disease 2019 (COVID-19) patients.
Thus in coronavirus “hot-spots,” where the high infection rates were
causing critically ill patients to fill up intensive care units (ICUs) and
even entire hospitals, there were fewer available healthcare workers to
staff the ICUs. As a result, non-critical care physicians who do not
typically work in the ICU setting were recruited to boost the ICU staff

and meet the unexpected demand [1-3]. These healthcare workers with
less training and experience in critical care medicine had to resort to
accelerated training in respirator management and use of different
critical care medication in order to provide needed care.

One significant burden on healthcare workers rapidly adapting to the
ICU setting is the electronic medical record (EMR). Such difficulty is in
part due to the tremendous volumes of clinical patient information
presented in the EMR, especially in intensive care settings [4]. The re-
view of this clinical information and documentation has been shown to
consume vast amounts of physicians’ time, [5,6] including ICU pro-
viders [7]. The EMR may also contribute to data overload, over-
whelming the providers with large quantities of information that many
may feel are inadequately organized [8]. Furthermore, providers report
finding certain clinical data points or information more necessary than
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Fig. 1. Simplified illustration of how data is transferred between three G Suite Enterprise functionalities: Forms, Big Query, and Sheets.

ICU Patient Tracker

Ventilator

Mode

Indicate ventilator mode (e.g. PRVC, SIMV)

Your answer

Vent-RR

Indicate the Ventilator RR as a numerical value

Your answer

PEEP

Indicate PEEP applied by ventilator

Your answer

FiO2

Enter the FiO2 as a percentage (e.g. 0.5)

Your answer

Fig. 2. Example of Google Form to Input Patient Data. This image shows only the section of the Google Form that records ventilator readings. Other sections exist for
data points such as vital signs, lab results, intake and output, and more. A total of 57 data points can be recorded on our version of the Google Form. All fields in the
form can be customized in the process of adapting our code to meet the protocols of specific institutions or ICUs.

others [9], indicating that providers may prefer more customized EMR
experiences. These reasons highlight an opportunity to consolidate the
information EMRs present to focus on what providers most value and in

an organized and succinct manner. Such a need is particularly true for
providers who are new to a specific ICU setting such as the case when
faced with the demand of treating COVID-19 patients. These changes
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> Query settings
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DATE(Timestamp) as observation_date
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DIFF (observation_date, cte.min_admission_dt, DAY) as days_s|f

cte.min_admission_dt
Timestamp
cbservation_date
patient_Full_Name
provider_Name
Date_of_Admission
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Heart_Rate
Respiratory_Rate_ RR_
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Vent_RR

PEEP
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+ Leam more.

> Parameters

emrtest-273319.0bservation_test_l.observation_strings

V' Schema
v EMRtest

» observation_test_1
» bigquery-public-data

Preview results

Fig. 3. Big Query Code: This figure shows a portion of the SQL query necessary to send the data from the original Google form into the cloud-based Big Query where

data is stored. Please see the full source code in the Supplementary data.

would ensure that they can both quickly adapt to the ICU while also
providing the best possible care.

In order to help more easily facilitate the transition of non-ICU
healthcare workers to, or the transition of new team members to an

PATIENT NaME

established ICU system, we describe a dynamic patient chart built on
HIPAA compliant Google apps available through G Suite Enterprise,
structured to meet the needs of non-ICU trained staff, or new team
members, to treat critically ill patients.
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Fig. 4. Example of a Patient Chart: This chart was produced for a single fictional patient during the black box tests.

This view was taken as a screenshot from a

computer. Directly printing this view is also possible.
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4

5 | PATIENTNAME [Tient_Paf |

6 Tient_Pat

’ Gilman_Sam S 4

9 5/30/2020 14:46:11 5/29/2020 21:25:27

Bond_James

10 5/30/2020 5/29/2020

n Patient Bond_Hanes Tient_Pat Tient_Pat

12 Overview Blass_John Noah Newman Frank Netter

13 Date_of_Admission

14 Date_of_Intubation

15 N i i li
Patient Active_Problems Leg swelling 1 N o Iegt 'swtell ing

o stomach pain has resolved, patient legs
' Narrative _24 Hour_Progress show swelling
17 Temperature 103 102

Fig. 5. Example of Patient Drop Down Menu: All individual patients are recorded in here and can be selected interchangeably.

2. Methods

This tool was developed based on flowcharts utilized in the con-
ventional EMR using three G Suite Enterprise features: Google Forms,
Sheets, and Big Query. The only required hardware for this tool is a
device with internet connection. Providers will also need a G Suite En-
terprise account to be set up by an administrator. Google securities
including username and password protection protect the data stored,
ensuring that only those with credentials through the provider’s G Suite
Enterprise Account can access the patient data. Data is automatically
stored in the Google cloud after any manipulation where it is also
protected.

By design, there were no restrictions on hardware or operating sys-
tem used to develop the tool, and the tool can be used on either mobile
devices or laptops and desktops. Google Forms was used to create and
edit the fields for data input. Google Big Query was used to write SQL
code for both data parsing and data transmission to the cloud. Google
Sheets was used to design the patient chart where stored data was
outputted. Formulas within Google Sheets were used to filter and
organize the data.

Fig. 1 summarizes the data path and its relationship to the three G
Suite Enterprise functionalities. First, providers manually enter patient
data into a custom-built Google Form during daily rounds of COVID-19
ICU patients (Fig. 2). The results from each entry in the Google Form is
both automatically outputted into a spreadsheet and parsed using
Structured Query Language (SQL) (Fig. 3) to be stored in Google’s cloud-
based data warehouse called Big Query.

Next, the dynamic patient chart leverages the Big Query beta feature
called Connected Sheets. Connected Sheets allows users to take a
massive data set and make it available for analysis without SQL or other
programming languages [10]. In other words, Connected Sheets
removes row limitations and other constraints typically present in
Google Sheets to present millions of rows of data from patient rounds
conducted by providers in the ICU. In the present case, we enable
Connected Sheets to transmit the trove of patient data housed in Big
Query to this second spreadsheet that contains the patient chart tem-
plate (Fig. 4).

Once the data is available to the second spreadsheet, we use trans-
pose and filter functions to display individual patient charts. Filter
functions allow a variety of providers to view each individual patient’s
records, as needed and simultaneously.

2.1. Cost and HIPAA compliance

Any hospital can operationalize this dynamic patient chart by pur-
chasing Google Enterprise accounts [11] for each provider using the tool
and replicating the design of the tool we present in this paper. While
each of the three functionalities employed—Google Forms, Google
Sheets, and Big Query—can be HIPAA compliant if the data is kept

within the hospital’s G Suite Enterprise cloud, any hospital seeking to use
these tools with Personal Health Information (PHI) must sign a separate
Business Associate Agreement to confirm terms of use under HIPAA
[12].

2.2. Tool testing

This paper modeled functionality testing similar to da Silva et al.’s
study of software development that introduced mobile applications to
track nursing workloads in the ICU [13]. They utilized both white box
tests and black box tests to ensure functionality.

In our study, we performed white box tests to test SQL code and
Google Sheets functions, including variables, conditions, functions, and
logic. We also performed black box tests by sharing a G Suite Enterprise
account with one of the authors who did not develop the code. Over the
course of three days, this author submitted fictional ICU data of three
fictional patients twice daily to simulate patient rounds. The inputted
and outputted data were compared to ensure correct parsing and
transfer of data.

3. Results
3.1. Tool features

The designers built the Google Form to match specifications from the
Mt. Sinai Morningside Hospital intensivists and surgeons of the ICU,
including 57 data points requested to be tracked for each COVID-19 ICU
patient on rounds. The physicians specified data points based on two
criteria: data points (1) that the physicians utilized most during twice
daily rounds of critically ill COVID-19 ICU patients and (2) that would
transmit a comprehensive status report of these patients based on the
team’s physicians’ collective clinical judgement. The form allows pro-
viders to record overview data, patient progress updates, vital signs,
ventilator readings, intakes and outputs, medications, antibiotic names
and dosages, lab values, imaging and ECG readings, and other studies, as
well as notes on active problems specific to different organ systems. In
our current design, all of this data is inputted manually into the afore-
mentioned Google Form. The Google Form can be easily manipulated to
include additional or fewer data points in the process of adapting our
code to meet the protocols of specific institutions or ICUs.

The patient chart allows providers to view each patient’s records, by
day, from the newest record to the oldest. The spreadsheet presents
patient data in a user-friendly interface (Fig. 4). Patient records are
outputted chronologically so providers can immediately and sequen-
tially understand patient progress. In order to toggle between patients,
providers may select a different patient name or patient ID from a drop-
down menu that includes each patient name (Fig. 5). Two-tier filters can
be designed for large hospitals to first enable providers to select a group
of providers by attending physician and then select the individual
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collection for future research

The coronavirus pandemic displaced many healthcare providers to intensive care units to meet the demand of incoming COVID-19 patients
The infrastructure and IT support costs needed to establish EMRs are barriers to underserved regions adopting EMR technology
In regions with less EMR penetration, this tool allows for low-budget cost and IT support, which is valuable both for patient care as well as data

¢ Healthcare workers using this tool can manage patient information electronically with less data overload and a more intuitive use experience

patient of interest.

As long as each provider has a G Suite Enterprise account, the provider
can digitally access their own copy of the patient chart to manage their
own patients. This feature ensures that multiple providers can review
the same and different patients at exactly the same time without conflict.
Reviewing patient files merely requires providers to “Refresh” the query
and select their patient from the drop-down menu. The patient chart
interface is designed for online use on a computer or tablet, and it is also
printer friendly so they can be handed to new providers during shift
changes.

3.2. Tool testing

The white box tests were all positive, ensuring the code worked
across a variety of input conditions. The black box tests produced 18
entries. A comparison of the inputted and outputted data for all 18 of the
entries showed accurate data replication in all the correct fields, pro-
ducing a 100 % success rate. These reports were then printed to ensure
readable format. Additionally, two different users logged into two
different G Suite Enterprise accounts accessed and reviewed the same and
different patient charts simultaneously. This led to no errors.

4. Discussion

While the EMR has provided tremendous benefit to healthcare, it has
also attracted frustration from some providers over recent years [14,15].
Such dissatisfaction with EMRs has been identified as a risk factor for
physicians leaving the medical field [16]. This highlights the need to
make adjustments to the current medical record.

Innovating medical records to fit physician needs is nothing new.
Some of the earliest innovations for our modern EMR came in the early
20th century, when disgruntled physicians used ideas from business and
industry to innovate medical records that solved problems at the time
such as non-centralized storage and non-uniform notes [17-19]. How-
ever, in recent years, financial incentives have driven health IT vendors
to develop EMRs with little ability for innovation and adaptation that
have burdened the medical system with high IT costs and constraints
[20,21]. Our tool seeks to be the opposite — provide healthcare workers
as flexible, simple, and cost-effective a tool as possible to meet their
immediate needs in treating COVID-19 critically ill patients.

In comparison to the conventional EMR, which one study found
documented a median of 1483 clinical items over 24 h per pediatric
patient receiving mechanical ventilation [4], our data collection tool
records 57 data points per mechanically ventilated patient per round.
Estimating that providers conduct three patient rounds daily would
yield 171 data points per patient-day, only 11.5 % of the data points
found in the aforementioned study. While certainly some value exists in
collecting more clinical data, the pragmatism of recording and sifting
through such large volumes during pandemic conditions should be
strongly considered. The data points we chose for our tool focus on the
need for data quality rather than quantity.

These properties also allow our tool to be shared on a global scale.
Such sharing is particularly important in underserved regions of the
world with less EMR penetration, yet the need to capture and exchange
relevant data. Our tool, which relies on much less hardware and soft-
ware than many modern EMRs, seeks to overcome barriers that low-
income countries face to EMR implementation such as high

implementation and maintenance costs and low computer literacy [22].
With more healthcare workers utilizing this tool, relevant data backed
up to the cloud from areas that might not otherwise collect such data
could be transferred to global health and funding organizations and
partners, which in turn could make more informed and strategic de-
cisions of how to fight diseases.

In order to maximize global utility of our tool, we are sharing the full
Google properties we used so that others may adapt our tool. Please see
the detailed technical instructions in the appendix (Supplementary File
1). In sharing our code, implementers have the ability to incorporate or
remove features in order to maximize the tool’s utility for them. One
future consideration is integration of automated data extraction from
existing patient records to reduce labor and increase efficiency. Such a
task would be highly institutionally specific because of the variations of
EMRs across different institutions. Other more complex features of the
modern EMR such as managing transactions and creating orders could
be incorporated too; however, this comes at the cost of increasing
implementation expenses and tool complexity outside our intended
scope.

5. Conclusion

The coronavirus pandemic has strained medical resources on a global
scale, and has required the recruitment of staff into the ICU setting who
may have limited or no formal ICU training. The current EMR presents
these new staff members with its own set of challenges; in addition to the
challenges many of these workers face to adjusting to a new clinical
environment. The pandemic has also revealed the need for affordable
medical records solutions designed for the crisis. This is especially true
in hospitals and regions where EMR tools are not available.

Using our design, hospitals can leverage G Suite Enterprise tools to
track COVID-19 ICU patients at minimal cost and configuration time.
From the provider standpoint, using the tool is remarkably straightfor-
ward. Future work can likely build bulk uploads between this tool and
EMR record systems to ensure a single source of truth exists for each
patient, though the version that we built does not yet have that func-
tionality. Ultimately, in emergency environments that leverage rapidly
retrained providers and those with minimal resources, G Suite Enterprise
based dynamic patient charts offer healthcare workers a flexible, simple,
and cost-effective way to manage patients.
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