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Hazel Hawkins

MEMORIAL HOSPITAL

REGULAR AND SPECIAL MEETING OF THE FINANCE COMMITTEE
SAN BENITO HEALTH CARE DISTRICT
911 SUNSET DRIVE, HOLLISTER, CALIFORNIA
THURSDAY, APRIL 18, 2024 - 4:30 P.M.
SUPPORT SERVICES BUILDING, 2"° FLOOR - GREAT ROOM

San Benito Health Care District is a public agency that serves as a responsive, comprehensive health care
resource for its patients, physicians and the community.

1. Call to Order

2. Approve Minutes of the Finance Committee Meeting of March 21, 2024
e Motion/Second

3. Review Financial Updates
e Financial Statements — March 2024
e Finance Dashboard — March 2024
¢ Supplemental Payments

4. Consider Recommendation for Board Approval of Telemetry Services Agreement with Hicuity Health
Inc.

e Report
e Committee Questions
e Motion/Second

>

5. Public Comment

This opportunity is provided for members of the public to make a brief statement, not to exceed
three (3) minutes, on matters within the jurisdiction of this District Board Committee, which are
not on this agenda.

6. Adjournment

The next Finance Committee meeting is scheduled for Thursday, May 16, 2024 at 4:30 p.m.

The complete Finance Committee packet including subsequently distributed materials and presentations is
available at the Finance Committee meeting and in the Administrative Offices of the District. All items appearing
on the agenda are subject to action by the Finance Committee. Staff and Committee recommendations are subject
to change by the Finance Committee.
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Notes: Requests for a disability-related modification or accommodation, including auxiliary aids or services, to
attend or participate in a meeting should be made to District Administration during regular business hours at 831-

636-2673. Notification received 48 hours before the meeting will enable the District to make reasonable
accommodations.
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April 18,2024
CFO Financial Summary for the District Board:

For the month ending March 31, 2024, the District’s Net Surplus (Loss) is $1,522,945 compared to a
budgeted Surplus (Loss) of (877,920). The District exceeded its budget for the month by $1,600,865.

YTD as of March 31, 2024, the District’s Net Surplus (Loss) is $10,347,594 compared to a budgeted
Surplus (Loss) of $549,584. The District is exceeding its budget YTD by $9,798,010.

It is estimated that the annual cost of returning to the pre-bankruptcy benefits plan would be
approximately $7 million for the first year.

Acute discharges were 186 for the month, slightly exceeding budget by 8 discharges or 5%. The ADC
was 16.58 compared to a budget of 16.54. The ALOS was 2.76. The acute I/P gross revenue was under
budget by $168,943 while O/P services gross revenue was $1.4 million or 5% over budget. ER I/P
visits were 140 and ER O/P visits were over budget by 173 visits or 9%. The RHCs & Specialty Clinics
treated 3,923 (includes 638 visits at the Diabetes Clinic) and 954 visits respectively.

Other Operating revenue was over budget by $119,726 due mainly to the Magellan Health Rx rebate
being higher than budgeted.

Operating Expenses were under budget by $344,396 due mainly to positive variances in: Employee
Benefits of $263,142, Professional Fees of $269,702 and Supplies of $202,487 being offset with higher
than budgeted expenses in Registry of $284,381 and Purchase Service of $140,889.

Non-operating Revenue exceeded budget by $14,684 due mainly to higher than budgeted donations
and other non-op revenue.

The SNFs ADC was 84.39 for the month. The Net Surplus (Loss) is $213,138 compared to a budget of
$221,041. YTD, the Net Surplus (Loss) is $3,129,760, exceeding its budget by $1,132,372.

San Benito Health Care District
A Public Agency
211 Sunset Drive ¢ Hollister, CA 95023 « (831) 637-5711 » www.hazelhawkins.com
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Date: 04/15/24 @ 1719
User: SDILAURA

PAGE 1

HAZEL HAWKINS MEMORIAL HOSPITAL
HOLLISTER, CA
For the month ended 03/31/24

CURR MONTH PRIOR MONTH POS/NEG PERCENTAGE PRIOR YR
03/31/24 02/29/24 VARIANCE VARIANCE 06/30/23

CURRENT ASSETS
CASH & CASH EQUIVALENT 17,598,568 14,198,154 3,400,415 24 13,649,396
PATIENT ACCOUNTS RECEIVABLE 65,845,440 66,439,107 (593,667) (1) 51,674,982
BAD DEBT ALLOWANCE (8,410,897) (8,352, 795) (58,103) 1 (5,227,791)
CONTRACTUAL RESERVES (41,761,372) (41,902,265) 140,893 0 (32,708,039
OTHER RECEIVABLES 14,756,794 13,339,228 1,417,565 11 8,381,301
INVENTORIES 4,028,550 4,038,526 (9,976) 0 4,057,813
PREPAID EXPENSES 1,764,783 1,884,964 (120,1981) (6) 2,042,543
DUE TO\FROM THIRD PARTIES 1,978,192 1,978,192 0 0 2,784,747
TOTAL CURRENT ASSETS 55,800,058 51,623,111 4,176,946 8 44,654,951
ASSETS WHOSE USE IS LIMITED
BOARD DESIGNATED FUNDS 5,230,367 6,635,662 (1,405,295) (21) 3,825,798
TOTAL LIMITED USE ASSETS 5,230,367 6,635,662 (1,405,295) (21) 3,825,798
PROPERTY, PLANT, AND EQUIPMENT
LAND & LAND IMPROVEMENTS 3,370,474 3,370,474 0 0 3,370,474
BLDGS & BLDG IMPROVEMENTS 100,098,374 100,098,374 0 0 100,098,374
EQUIPMENT 44,046,824 43,953,011 93,814 0 43,302,208
CONSTRUCTION IN PROGRESS 1,013,589 977,711 35,879 4 880,124
GROSS PROPERTY, PLANT, AND EQUIPMENT 148,529,261 148,399,569 129,692 0 147,651,180
ACCUMULATED DEPRECIATION (93,408,707) (93,073,724) (334,983) 0 (90,362,507)
NET PROPERTY, PLANT, AND EQUIPMENT 55,120,555 55,325,845 (205,291) 0 57,288,673
OTHER ASSETS
UNAMORTIZED LOAN COSTS 416,360 422,431 (6,071) (1) 470,999
PENSION DEFERRED OUTFLOWS NET 18,285,289 18,285,289 Q 0 18,285,289
TOTAL OTHER ASSETS 18,701,649 18,707,720 (6,071) 0 18,756,288
TOTAL UNRESTRICTED ASSETS 134,852,628 132,292,339 2,560,290 2 124,525,709
RESTRICTED ASSETS 17,720 29,939 (12,220) (41) 125,193
TOTAL ASSETS 134,870,348 132,322,278 2,548,070 2 124,650,902
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User: SDILAURA

HAZEL HAWKINS MEMORIAL HOSPITAL

HOLLISTER, CA
For the month ended 03/31/24

CURR MONTH PRIOR MONTH POS/NEG PERCENTAGE PRIOR YR
03/31/24 02/29/24 VARIANCE VARIANCE 06/30/23

CURRENT LIABILITIES
ACCOUNTS PAYABLE 5,513,208 5,873,237 360,029 (6) 4,938,613
ACCRUED PAYROLL 3,172,339 5,233,502 2,061,163 (39) 3,345,253
ACCRUED PAYROLL TAXES 2,231,817 1,584,217 (647,600) 41 1,497,221
ACCRUED BENEFITS 6,130,146 5,487,520 (642,626) 12 6,051,228
ACCRUED PENSION (CURRENT) 4,957,820 4,955,143 (2,676) 0 5,061,807
OTHER ACCRUED EXPENSES 93,949 86,486 (7,463) 9 84,460
PATIENT REFUNDS PAYABLE 1,310 1,310 0 0 961
DUE TO\FROM THIRD PARTIES 1,447,716 (2,136,872) (3,584,588) (168) 196,789
OTHER CURRENT LIABILITIES 2,507,709 2,418,872 (88,838) 4 3,132,834
TOTAL CURRENT LIABILITIES 26,056,014 23,503,415 (2,552,599) 11 24,309,166
LONG-TERM DEBT
LEASES PAYABLE 5,462,661 5,469,395 6,735 0 5,529,504
BONDS PAYABLE 33,047,681 34,556,201 1,508,520 (4) 34,784,361
TOTAL LONG TERM DEBT 38,510,342 40,025,597 1,515,255 (4) 40,313,865
OTHER LONG-TERM LIABILITIES
DEFERRED REVENUE 0 0 0 0 0
LONG-TERM PENSION LIABILITY 36,485,864 36,485,864 0 0 36,485,864
TOTAL QOTHER LONG-TERM LIABILITIES 36,485,864 36,485,864 0 0 36,485,864
TOTAL LIABILITIES 101,052,220 100,014,875 (1,037,344) 1 101,108,895
NET ASSETS:
UNRESTRICTED FUND BALANCE 23,376,814 23,376,814 0 0 23,376,814
RESTRICTED FUND BALANCE 93,720 105,939 12,220 (12) 165,193
NET REVENUE/ (EXPENSES) 10,347,594 8,824,649 (1,522, 945) 17 0
TOTAL NET ASSETS 33,818,128 32,307,402 (1,510, 726) 5 23,542,007
TOTAL LIABILITIES AND NET ASSETS 134,870,348 132,322,278 (2,548,070) 2 124,650,902
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Hazel Hawkins

MEMORIAL HAOSEITAL San Benito Health Care District
Hazel Hawkins Memorial Hospital
MARCH 2024
Description Target MTD Actual YTD Actual YTD Target
Average Daily Census - Acute 16.54

18.18

Average Daily Census - SNF 89.99 84.39 m 90.00

Acute Length of Stay 208 NI o

!

ER Visits:
Inpatient 140 ] 1,076
Outpatient 2,099 18,470
Total 2,239

19,516

Days in Accounts Receivable

Productive Full-Time Equivalents 500.90 515.70 500.90
Net Patient Revenue 11,443,977 12,450,688 108,162,008 101,671,726
Payment-to-Charge Ratio 31.1% w 31.5%
Medicare Traditlonal Payor Mix 30,18% 28.96% m 30.36%
Commercial Payor Mix nrsy (R s
Bad Debt % of Gross Revenue 1.12% 0,70% 1.80% 1.12%
EBIDA 168,952 1,769,445 12,643,467 2,810,935
EBIDA % 1.40% 13,45% 11,15% 2.63%
Operating Margin -3.17% -2,06%
Salaries, Wages, Registry & Benefits %:
by Net Operating Revenue 62.49% 61.63%
by Total Operating Expense 60.57% 60.39%
Bond Covenants:
Debt Service Ratio 1.25 1.25
Current Ratio 1.50 1.50
Days Cash on hand 30.00 30.00

Met or Exceeded Target

Within 10% of Target

Not Within 10%
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TELEMETRY SERVICES AGREEMENT

THIS TELEMETRY SERVICES AGREEMENT (this "Agreement") is made and entered into between San Benito
Health Care District, a local health care district organized and operating pursuant to Division 23 of California Health and
Safety Code (“SBHCD”), owner and operator of Hazel Hawkins Memorial Hospital (“Hospital”), and Hicuity Health, Inc.,
a Delaware corporation (“HHI”). Hospital and HHI are sometimes referred to in this Agreement as “Party” or “Parties”.
The “Effective Date” of this Agreement shall be the date of the last signature below.

RECITALS:

A. Hospital owns and operates a hospital facility located at 911 Sunset Drive, Hollister, CA 95023, in which
it has established or will establish telemetry care units (each a “Unit”) that require telemetry monitoring by telemetry
technicians.

B. HHI provides patient telemetry monitoring for clients of HHL

C. Hospital desires to arrange with HHI for telemetry technicians to provide remote telemetry monitoring of
patients in a Unit at Hospital, subject to and in accordance with the terms and conditions hereafter provided.

AGREEMENT:

NOW, THEREFORE, in consideration of the recitals and the mutual covenants and agreements contained herein,
the parties agree as follows:

ARTICLE I - REMOTE MONITORING AND OTHER SERVICES

1.1 HHI Services. HHI will provide the services described in this Section 1.1 (such services are collectively
referred to as the “HHI Services”).

(a) The “Remote Telemetry Services” means monitoring of telemetry messages sent from the patient
monitor to the central station at the Hospital and remotely replicated at the HHI operations center, by telemetry technicians
specifically trained in telemetry monitoring; interpretation of heart rhythms and other ancillary measurements; reporting and
documentation of such monitoring of the patient; and communication with the local clinical staff at the Unit regarding
telemetry messages. Prior to the commencement of services and within 30 days after execution of this Agreement, the parties
shall meet to (i) cooperatively develop and define workflows, policies and procedures to facilitate the Remote Telemetry
Services, (ii) provide a detailed statement of roles and responsibilities of Hospital and HHI staff, and (iii) discuss reporting
obligations. During the term of this Agreement, HHI shall: (i) staff the Remote Telemetry Services with telemetry technicians
that are exclusively dedicated to remote telemetry monitoring and have passed the EKG Technician Certification, (ii) staff
the Remote Telemetry services in a manner adequate to ensure timely communication with Hospital, and (iii) provide its
services in accordance with all applicable federal, state and local laws and regulations, prevailing professional standards in
the community and the standards of any applicable accrediting or certifying body.

(b) Beginning on the Actual Launch Date (as hereafter defined), HHI shall arrange for telemetry
technicians to perform the Remote Telemetry Services by remotely monitoring adult patients in Six (6) telemetry beds in the
Units (“Telemetry Beds”) using designated remote telemetry technology. Shall Hospital request Remote Telemetry Services
on pediatric patients, the parties will enter into an amended Agreement. The Remote Telemetry Services shall be provided
for twenty-four (24) hours per day, seven (7) days a week, except during periods of downtime due to scheduled or emergency
maintenance or events such as natural disaster and other circumstances beyond the reasonable control of HHI. HHI will use
best efforts to provide advance notice of scheduled downtime of the HHI Services hereunder. For purposes of this Agreement,
the term “Actual Launch Date” means the date on which HHI’s telemetry technicians first begin remote monitoring of
patients in the Unit.

(c) HHI will provide Hospital with periodic reports during the term of this Agreement. The parties
will collaboratively develop the content and reporting frequency of these reports.

(d) HHI will collaborate with Unit clinical staff to integrate the Remote Telemetry Services with the
Hospital’s existing clinical workflows.
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e HHI does not warrant the accuracy of the information entered into, contained in or derived from
equipment used by Hospital in the Remote Telemetry Services. Hospital acknowledges that the professional duty to the
patient in providing health care services lies solely with the health care professionals providing patient care services. The
clinical and other information contained in or derived from the Remote Telemetry Services is intended as a supplement to,
and not a substitute for, the knowledge, expertise, skill, and judgment of physicians, nurses, pharmacists, or other health care
professionals involved in patient care at the Hospital. HHI assumes no responsibility for actions of Hospital personnel which
may result in any liability or damages due to malpractice, failure to warn, negligence or any other basis. Hospital likewise
assumes no responsibility for actions of HHI personnel which may result in any liability or damages due to malpractice,
failure to warn, negligence or any other basis.

® HHI shall own and be responsible for providing the KVM transmitter(s) and gateways to transmit
data from the Hospital’s patient monitoring system to HHI, as deemed necessary by HHI, and which will be located at the
Hospital..

1.2 Implementation Plan and Proposed Launch Date. Within 30 days following execution of this Agreement,
HHI and Hospital shall develop an implementation plan (“Implementation Plan”) enabling the parties to fulfill their
respective obligations. The final Implementation Plan will set forth resources, roles and responsibilities of the parties. The
parties shall use all reasonable efforts to develop, comply with and abide by the Implementation Plan and timely execute their
respective responsibilities. The Implementation Plan will set forth a “Proposed Launch Date”, which is the expected date
HHD’s telemetry technicians begin monitoring of the Unit. The Proposed Launch Date shall be one hundred twenty (120)
days from the Effective Date of this Agreement and is subject to modification only upon written agreement of the parties.

1.3 Hospital Operational Obligations. Hospital shall purchase, install and maintain, at its own cost, the required
equipment and any additional hardware, software and connectivity as may be necessary to provide patient telemetry
information to enable the delivery of the HHI Services. Furthermore, Hospital shall coordinate with any of its third-party
vendors, including but not limited to telecommunications, hardware and software vendors, to support the Services on an
ongoing basis and to facilitate the Implementation Plan and timelines as outlined in Section 1.3.

(a) Equipment, Hardware and Software. Hospital shall secure, equip, furnish and maintain, at its own
cost, the Unit and Telemetry Beds so that HHI may provide the HHI Services contemplated herein. Hospital’s costs and
responsibilities for equipment include, but are not limited to, the following: (i) the initial costs associated with the purchase
and installation of equipment, hardware and software to deliver telemetry messages used in the Remote Telemetry Services;
(ii) any related third party software and components, including industry-acceptable technology security measures; and (iii)
the ongoing operating costs, including: purchasing and installing third party software updates and upgrades; maintaining
updated security applications; and arranging for local IT support of Hospital-owned equipment, hardware and software to
deliver telemetry messages used for the Remote Telemetry Service. Prior to Hospital changing, upgrading or modifying its
equipment used in the Remote Telemetry Services, Hospital must provide HHI with as much as possible, and at least 90
days’, advanced notice of, any such change, upgrade or modification. If such change, upgrade or modification requires HHI
to change, upgrade or modify its equipment in order to provide the Remote Telemetry Services, the parties will discuss and
agree on responsibility for any such required expenses prior to Hospital proceeding with any equipment change, upgrade or
modification. Hospital shall also assist HHI with the installation of the KVM transmitter.

(b) Connectivity. The parties will work together to arrange network connection through at least one
MPLS (Multiprotocol Label Switching) or point-to-point connection to provide the Remote Telemetry Services, although
Hospital acknowledges that HHI recommends two redundant and diverse connections that would be used as a primary and
backup network connection for the Remote Telemetry Services. Should the Hospital desire to obtain and manage the network
connections between Hospital and HHI’s operations, such fees will be the responsibility of the Hospital. Hospital shall make
its IT support team available 24/7 to HHI to help troubleshoot connectivity matters. Hospital shall also place a dedicated
router, specified by HHI, on the network circuits for purposes of HHI managing the router and facilitating the troubleshooting
process. If Hospital and HHI agree that HHI shall obtain and manage the network connections between Hospital and HHI’s
operations, then Hospital shall pay HHI in accordance with paragraph B.2(c) of Exhibit B for such services. Hospital and
HHI will test the connection initially during the implementation period and on an ongoing basis during the term of this
Agreement. Ifeither party determines for any reason that the connection does not adequately address the needs of the Remote
Telemetry Services, then the party making the determination shall notify the other party, in writing, of its determination.
Within the forty-five (45) day period following the giving of such notice (or sooner if reasonably practicable), Hospital will
implement an alternative connection between Hospital and HHI’s operations center to assure HHI will be able to provide the
Remote Telemetry Services as anticipated herein.
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(©) Required Data. Hospital will provide (i) an ADT interface filtered to contain only data for
patients with a telemetry order for the Remote Telemetry Services, and (ii) Alarm and Waveform data, which may be acquired
via interface or a gateway, to HHI. Alternatively, the aforementioned ADT interface may be satisfied via an Order
interface. The Parties will work together to implement and test the data integrations prior to commencement of HHI Services.

(d) Acknowledgment of Redundancy Recommendation. Hospital acknowledges and agrees HHI
recommends two redundant and diverse MPLS network connections as described in Section 1.3(b) above. Should Hospital
choose not to use the two redundant and diverse network connections, Hospital understands and agrees HHI disclaims any
warranties related to the connectivity issues and limits its liability as further detailed in Section 1.3(d) below. Hospital also
understands and agrees that should it choose not to use the two redundant and diverse network connections, the Remote
Telemetry Services will be unavailable during scheduled and unscheduled downtimes.

(e) DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITY. SHOULD
HOSPITAL CHOOSE NOT TO ARRANGE A REDUNDANT NETWORK CONNECTIVITY METHOD:

@) HHI MAKES NO WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO, A WARRANTY THAT THE OPERATION OR USE OF THE TELEMETRY
NETWORK CONNECTIVITY EQUIPMENT WILL BE UNINTERRUPTED OR ERROR FREE, AND EXPRESSLY
DISCLAIMS ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR IMPLIED
WARRANTY OF NON-INFRINGEMENT.

(ii) HHI STATES THE TOTAL LIABILITY, IF ANY OF HHI, FOR ALL DAMAGES
AND BASED ON ALL CLAIMS, WHETHER ARISING FROM BREACH OF CONTRACT, BREACH OF WARRANTY,
NEGLIGENCE, INDEMNITY, STRICT LIABILITY, OR TORT, OR OTHERWISE, ARISING FROM THE TELEMETRY
NETWORK CONNECTIVITY EQUIPMENT OR ANY PART THEREOF SHALL NOT EXCEED THE UPFRONT FEE
FOR TELEMETRY SERVICES CHARGED PURSUANT TO EXHIBIT B SECTION B.1 OF THIS AGREEMENT. IN
NO EVENT SHALL HHI BE LIABLE FOR ANY INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL, OR
SPECIAL DAMAGES, INCLUDING WITHOUT LIMITATION, LOST REVENUES, OR PROFITS, BUSINESS
INTERRUPTION, LOSS OF DATA, OR THE COST OF SUBSTITUTE PRODUCTS WHETHER ARISING FROM
BREACH OF CONTRACT, BREACH OF WARRANTY, NEGLIGENCE, INDEMNITY, STRICT LIABILITY OR
OTHER TORT.

® Electronic Medical Record.

6] No Access Required. HHI’s telemetry technicians will not access Hospital’s electronic
medical record system. Hospital staff is responsible for all documentation in the patient medical record.

(ii) Timely Reports. During the term of this Agreement, Hospital staff shall prepare on a
timely basis, in accordance with all applicable policies, complete and accurate medical and other records, reports, and
supporting documents with respect to the patients in the Unit.

(iii) Ownership. The ownership and right of control of all reports, records, medical records
and supporting documents prepared in connection with the HHI Services provided hereunder shall rest exclusively in
Hospital; provided, however, HHI shall have the right to access such reports, records and supporting documentation as shall
be permitted by law. Upon the expiration or termination of this Agreement for any reason, Hospital shall permit HHI and its
employees or agents reasonable access to such records during business hours for any purpose, including to comply with
applicable law or compulsory legal process, or to assert any right or defend against any claims or actions. The provisions of
this Section 1.3(e)(iii) shall survive termination of this Agreement for any reason.

(2) Additional Obligations. During the term of this Agreement, Hospital shall: (i) staff the Unit in a
manner adequate to ensure timely communication with HHI and timely care to patients; (ii) maintain back up procedures
which shall allow for continuity of patient care should there be any technology disruptions that prohibit the delivery of Remote
Telemetry Services; and (iii) provide its services in accordance with all applicable federal, state and local laws and
regulations, prevailing professional standards in the community, and the standards of any applicable accrediting or certifying
body.
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ARTICLE II - COMPENSATION

2.1 Fees. Hospital agrees to pay HHI for HHI Services provided under this Agreement as set forth on Exhibit
B attached hereto.

2.2 Implementation Delays. If the Actual Launch Date is materially delayed by Hospital, or any of Hospital’s
third-party vendors, beyond the Proposed Launch Date, or as otherwise mutually agreed to in writing, then HHI reserves the
right to initiate charging the expected service fees set forth in Exhibit B at the Proposed Launch Date milestone date or any
other date agreed upon in writing by as set forth in Section 1.2 for such Hospital. Such service fee shall be based on the lesser
of expected Patient Days as provided to HHI by Hospital, or 70% average daily occupancy of each Telemetry Bed.

2.2 Invoices. HHI shall submit monthly invoices to Hospital, who shall pay each invoice within thirty (30)
days after receipt thereof. In the event Hospital has a bona fide good faith dispute related to an invoiced amount, Hospital
shall notify HHI within thirty (30) calendar days of receipt of the disputed invoice and shall pay the remaining balance of the
undisputed invoiced amount in accordance with this Section. The parties shall work diligently and in good faith to resolve
any disputed invoiced amounts within thirty (30) days of notice of a dispute.

2.3 Interest Charge. Interest charges at one and one-half percent (1.5%) per month, or the maximum rate
permitted by applicable law if less, may be charged on undisputed invoiced amounts past due.

ARTICLE III - INSURANCE AND INDEMNIFICATION

3.1 HHI General Liability Insurance. HHI shall maintain comprehensive general liability insurance covering
itself and its employees and agents providing services pursuant to this Agreement in the minimum amounts of one million
dollars ($1,000,000) per occurrence and two million dollars ($2,000,000) in the annual aggregate. Upon request, HHI will
provide Hospital certificate(s) of insurance evidencing said coverage.

3.2 Professional Liability Insurance. HHI shall maintain professional liability coverage for the HHI Services
provided under this Agreement in the amount of not less than one million dollars ($1,000,000) per occurrence and two million
dollars ($2,000,000) in the annual aggregate. If HHI is unable to obtain occurrence-based coverage, HHI shall, in its sole
determination, obtain appropriate tail coverage. Upon request, HHI will provide Hospital certificate(s) of insurance
evidencing said coverage.

3.3 Internet and Network Security Insurance. HHI will maintain privacy, Internet and network security
insurance covering itself and its employees and agents providing services pursuant to this Agreement in the minimum amounts
of three million dollars ($3,000,000) per occurrence and in the annual aggregate. Upon request, HHI will provide Hospital
certificate(s) of insurance evidencing said coverage.

34 Hospital Insurance. Hospital shall maintain general and professional liability insurance coverage in
amounts of not less than one million dollars ($1,000,000) per occurrence and two million dollars ($2,000,000) in the annual
aggregate. Hospital shall also maintain privacy, Internet and network security insurance covering itself and its employees
and agents providing services pursuant to this Agreement in the minimum amounts of three million dollars ($3,000,000) per
occurrence and in the annual aggregate. Upon request, Hospital will provide HHI certificate(s) of insurance evidencing said
coverage.

3.5 Indemnification by Hospital. Hospital agrees to indemnify and hold HHI harmless from and against any
and all claims, causes of action, liabilities, damages and expenses, including reasonable attorneys’ fees and court costs,
brought against or suffered or incurred by HHI, arising out of or resulting from any negligent or wrongful act or omission of
Hospital or its agents or employees or the failure of Hospital to perform its duties and obligations under this Agreement. This
Section 3.5 survives the termination of this Agreement for any reason.

3.6 Indemnification by HHI. HHI agrees to indemnify and hold Hospital harmless from and against any and
all claims, causes of action, liabilities, damages and expenses, including reasonable attorneys’ fees and court costs, brought
against or suffered or incurred by Hospital, arising out of or resulting from any negligent or wrongful act or omission of HHI
or its agents or employees or the failure of HHI to perform its duties and obligations under this Agreement. This Section 3.6
survives the termination of this Agreement for any reason.
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ARTICLE IV - TERM AND TERMINATION

4.1 Term and Renewal. The term of this Agreement will begin on the date first signed below and continues
for a three (3) year period immediately following the Actual Launch Date. The Agreement will automatically renew on the
same terms and conditions for successive one (1) year periods thereafter unless this Agreement is sooner terminated as
provided within this Agreement or a party gives written notice of non-renewal to the other at least one hundred eighty (180)
days prior to the expiration of the then current term.

4.2 Other Termination. This Agreement may be terminated upon written notice:

(a) by HHI if Hospital does not implement the stated number of Telemetry Beds as detailed (or within
the timeframe indicated) in Section 1.1(b) and 1.2; or

(b) by the non-defaulting party if another party defaults in the performance of any material obligation
under this Agreement and such default is not cured within thirty (30) days after written notice of such default (unless a longer
cure period is permitted in writing by the non-defaulting party); or

(c) by a party if another party applies for or consents to the appointment of a receiver, trustee or
liquidator of itself for all of or a substantial part of its assets, files a voluntary petition of bankruptey or admits in writing its
inability to pay its debts as they become due, makes a general assignment for the benefit of its creditors, files a petition or
answer seeking reorganization or arrangement with creditors or seeking the benefits of any insolvency law.; or,

4.3 Effect of Termination.

(a) Within thirty (30) days following termination of this Agreement, each party shall return to the
other party, such party’s Confidential Information, or shall destroy such Confidential Information and certify in writing to
the other party such destruction. Furthermore, any equipment provided by HHI shall be returned to HHI.

(b) Survival. Neither expiration, suspension nor termination of this Agreement shall terminate those
obligations and rights of the parties pursuant to provisions of this Agreement which by their express terms are intended to
survive and such provisions shall survive the expiration, suspension or termination of this Agreement. Without limiting the
foregoing, the respective rights and obligations of the parties under Sections 1.3(e), 1.3(f)(iii), 3.5, 3.6, 4.3, Article Il and V
and Exhibit A shall survive the suspension, expiration or termination of this Agreement regardless of when such suspension,
expiration or termination becomes effective.

ARTICLE V - MISCELLANEOUS

5.1 Independent Contractors. The parties acknowledge that HHI is an independent contractor and nothing in
this Agreement is intended, nor shall be construed to create, an employer-employee relationship, a joint venture relationship,
an agency relationship or landlord tenant relationship between the parties.

5.2 Governmental Access. Pursuant to 42 U.S.C. Section 1395x(v)(1)(I) and 42 C.F.R. Sections 420.300-
420.304, the parties agree to comply with the following,

(a) HHI shall, until the expiration of seven (7) years after the furnishing of the services pursuant to
this Agreement, retain and make available, upon written request by the Secretary of the U.S. Department of Health and
Human Services, or upon written request by the U.S. Comptroller General, or any of their duly authorized representatives,
this Agreement and any books, documents and records of HHI that are necessary to verify the nature and extent of the costs
of the services under this Agreement.

(b) If HHI carries out any of the duties of this Agreement through a subcontract with a value or cost
of ten thousand dollars ($10,000) or more over a twelve (12) month period with a related organization, such subcontract shall
contain a clause to the effect that the related organization shall abide by the same circumstances as detailed in section 5 2(a)
above.

(c) In the event of a request for access, HHI agrees to notify Hospital immediately and to inform
Hospital what response will be made to the request.
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() This Section 5.2 survives the termination of this Agreement for whatever reason.

5.3 Notices. All notices, demands, requests or other communications which may be or are required to be given,
served or sent by any party to any other party pursuant to this Agreement must be in writing and must be hand delivered, sent
by recognized overnight delivery service, mailed by first-class, registered or certified mail, or sent by electronic mail to the
addresses on the signature page of this Agreement or such other addresses as either party shall, in writing, inform the other
in accordance with this Section 5.3. Each notice, demand, request, or communication that is delivered consistent with this
Section 5.3 will be deemed sufficiently given or received for all purposes at such time as it is delivered to the addressee or at
such time as delivery is refused by the addressee upon presentation.

5.4 Amendment. Except as otherwise provided herein, this Agreement may be amended only by mutual written
agreement of the parties.

5.5 Entire Agreement. This Agreement, together with all exhibits and attachments, contains the entire
agreement between the parties relating to the subject matter of this Agreement. Any prior agreements, promises, negotiations
or representations relating to the subject matter of this Agreement not expressly set forth in this Agreement are of no further
force or effect.

5.6 Governing Law. This Agreement will be interpreted, construed and enforced in accordance with the laws
of the State of California, and shall be binding upon the parties hereto and their successors.

5.7 Third Party Beneficiaries. Unless otherwise set forth herein, nothing express or implied in this Agreement
is intended to confer, nor shall anything in this Agreement confer, upon anyone other than Hospital, HHI, and their respective
successors or assigns, any rights, remedies, obligations or liabilities whatsoever,

5.8 Cooperation. The parties will cooperate with each other to the fullest extent practicable in the execution of
their obligations under this Agreement, and in obtaining all necessary licenses, consents and approvals. Upon the reasonable
request of a party, the other party shall promptly provide any information relating to the services and obligations of the parties
under this Agreement.

5.9 Confidentiality.

(a) Any information which a Party reasonably requests from another Party and which is necessary for
the service contemplated in this Agreement shall be provided by the other party in a timely fashion and in a form reasonably
specified. All information between the Parties shall be treated as “Confidential Information” unless otherwise identified.

(b) All Confidential Information provided by one party or its representatives or subcontractors (the
Disclosing Party”) to the other party (the “Receiving Party’), whether in oral, written or other intangible or tangible media
form or otherwise, or to which the Receiving Party acquires access during the term of this Agreement shall be treated with
the same degree of care to protect the confidentiality of such information as the Receiving Party uses to protect the
confidentiality of its own proprietary information (but in no event less than reasonable care) and shall only use it in respect
of the proper operation of the transactions contemplated by this Agreement. All nonpublic information provided by a Party
shall be treated as Confidential Information,

13

(c) The confidentiality obligations in this Section 5.9 shall continue for a period of three years (or
such longer period as is required by applicable law) from the date of receipt but shall not apply to any of such information
which: (i) is publicly available through no fault of the Receiving Party at any time during this Agreement; (ii) is already
known by the Receiving Party prior to access; (iii) is independently developed by the Receiving Party; or (iv) is rightfully
obtained by the Receiving Party from third parties without restriction.

()] Each Party shall have the right to disclose Confidential Information to their respective affiliates,
consultants, contractors and subcontractors as necessary to allow the Party to fulfill its obligations contemplated by this
Agreement, subject to any such affiliates, consultants, contractors and subcontractors undertaking the same or reasonably
similar confidentiality obligations as provided in this Section.

(e) HHI and Hospital shall each have the right to disclose Confidential Information referenced above
if required by law, subpoena or governmental order, to the extent required by such law, provided that the Receiving Party
shall promptly notify the Disclosing Party of such law, assert the confidentiality of such Confidential Information, and provide

6
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the Disclosing Party with a reasonable opportunity to oppose such disclosure or obtain a protective order (including but not
limited to “confidential treatment” pursuant to U.S. securities laws) reasonably satisfactory to the Receiving Party to maintain
the confidentiality of such data, information or materials.

3] The above confidentiality obligations shall not apply to Protected Health Information (as defined
in the HIPAA Requirements; sometimes referred to hereafter as “PHI”), which shall be governed by the Business Associate
Agreement attached hereto in Exhibit A,

() Notwithstanding any of the confidentiality obligations to the contrary within this Section, both
parties may disclose this Agreement to an attorney, accountant, investor (cutrent or potential), or other professional advisor
for the limited purpose of reviewing this Agreement on behalf of the party, or to regulatory, licensure or accreditation body
surveyors or other similar representatives who have a duty or right to review such agreements for accreditation or other
clinically related purposes.

(h) Breach of Confidentiality Obligations. The parties acknowledge and agree that any breach of
confidentiality pursuant to this Agreement will cause irreparable injury to the parties and therefore agree that the aggrieved
party’s remedies for such breach shall include, in addition to damages and other available remedies, injunctive relief including
but not limited to temporary restraining orders, preliminary injunctions and permanent injunctions, without the necessity of
posting bond or security which is waived by the relevant party or a cure period.

5.10 Force Majeure. A Force Majeure event is defined as any failure of performance under this Agreement if
such failure results, whether directly or indirectly, from fire, explosion, strike, freight embargo, act of God or of the public
enemy, war, terrorist act, civil disturbance, act of any government — de jure or de facto, or any agency or official thereof,
labor shortage, transportation contingencies, unusually severe weather, default of manufacturer or supplier as a subcontractor,
quarantine restriction, epidemic, pandemic outbreaks of infectious disease or any other public health crisis, or other causes
beyond the control of said party. Hospital provides its equipment, information systems, and is responsible for ensuring its
patient care environment is available to and accessible by HHI (“Hospital Deliverables™), and HHI provides the Remote
Monitoring Services within that patient care environment (“HHI Deliverables”), as both sets of deliverables are further
detailed in this Agreement.

If a Force Majeure event prevents or delays Hospital — and not HHI — from providing Hospital deliverables for more than
sixty (60) calendar days at any time during the term, then HHI shall have the right to a) terminate the affected portion of the
Agreement or the entire Agreement as of the date specified by HHI in a written notice of termination to Hospital, or b) HHI
shall have the right to extend the term of the Agreement for a period of time equal to the length of Hospital’s delay or inability
to perform.

If a Force Majeure event prevents or delays HHI — and not Hospital — from providing HHI Deliverables for more than sixty
(60) calendar days at any time during the term, then Hospital shall have the right to a) terminate the affected portion of the
Agreement or the entire Agreement as of the date specified by Hospital in a written notice of termination to HHI, or b)
Hospital shall have the right to extend the term of the Agreement for a period of time equal to the length of HHI’s delay or
inability to perform.

If a Force Majeure event concurrently prevents or delays both parties from providing their respective deliverables for more
than sixty (60) calendar days at any time during the term, then the term of the Agreement will extend for a period of time
equal to the length of the delay or inability to perform and is subject to modification only upon written agreement of the
parties.

5.11 Compliance with Laws. During the term of this Agreement, each party shall abide by and comply with all
state and federal laws and regulations applicable to it in connection with its duties and responsibilities under this Agreement.

5.12 Use of Name. Except as otherwise provided in this Section 5.12, no party shall use any other party’s name,
symbols, trademarks or service marks without the prior written consent of such other party, which consent will not be
unreasonably withheld or delayed. Hospital agrees that HHI may identify Hospital on its client list, and each party agrees
that the other party may use such party’s name to the extent reasonably necessary or appropriate for such party to provide its
services and fulfill its duties under this Agreement.

5.13 Interpretation. The parties each acknowledge and represent that they: have negotiated this Agreement over
a period of time; have read and fully understand the terms of this Agreement and the attached Exhibits; have consulted with
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and have been advised by independent legal counse! and other advisors regarding the Agreement; and that the Agreement
shall not be construed against any party.

5.14 Waiver. Except as otherwise provided herein, no term or provision hereof shall be deemed waived and no
breach excused unless such waiver or consent shall be in writing and signed by the party claimed to have waived or consented.
Any consent by any party to, or waiver of, a breach by the other, whether expressed or implied, shall not constitute consent
to, waiver of, or excuse for any other different or subsequent breach.

5.15 Severability. If a court or other tribunal of competent jurisdiction holds any term or provision, or portion
thereof, of this Agreement to be invalid, void or unenforceable, the remaining provisions of the Agreement shall remain in
full force and effect. It is the parties’ intention that if a court or other tribunal holds any term or provision of this Agreement
to be excessive in scope, such term or provision shall be adjusted rather than voided, if possible.

5.16 Delegation. HHI may delegate any of its obligations under this Agreement to any subcontractor(s). In such
event, HHI will remain responsible to System for the work of such subcontractor and will ensure that such subcontractor be
included within the provisions of the Business Associate Agreement attached as Exhibit A.

5.17 Assignment. This Agreement shall be binding upon and inure to the benefit of the parties hereto and their
respective successors and permitted assigns. No party to this Agreement shall assign this Agreement or any rights or
obligations hereunder without first obtaining the written consent of the other parties. Any attempt to otherwise assign or
transfer any of the rights, duties or obligations of any party to this Agreement in the absence of such consent will be void.
Notwithstanding the foregoing, an assignment by any party of this Agreement in consequence of a consolidation or merger
with another person, the formation of a subsidiary or any other transaction whereby all or substantially all of the property or
assets of such party become the property or assets of another entity shall not be considered to be an assignment for the
purposes of this Section 5.17.

5.18 Referrals. The parties acknowledge that none of the benefits granted to any party hereunder are conditioned
on any requirement that any party make referrals or be in a position to make or influence referrals to, or otherwise generate
business for, the other parties.

5.19 Representations and Warranties.
(a) Each of the parties represent and warrant to each of the other parties that:
(i) it has the full right and legal authority to enter into and fully perform this Agreement in

accordance with its terms;

(ii) the persons signing this Agreement on behalf of the party has the power and authority to
execute this Agreement on behalf of such party;

(iii) this Agreement, when executed by all parties, will be a legal, valid and binding obligation
enforceable against each party in accordance with its terms;

(iv) the execution and delivery of this Agreement have been duly authorized by the party, and
such execution and delivery and the performance by the party of its respective obligations hereunder, do not and will not
violate or cause a breach of any other agreement or obligation to which the party is obligated or bound, and no approval or
other action by any governmental authority or agency is required in connection herewith; and

) in addition to being true as of the date first written above, each of the foregoing
representations, warranties, and covenants shall be true at all times during the term hereof.

)] Each of the representations, warranties and covenants set forth in Sections 5.19(a) above will be
deemed to be material and to have been relied upon by the parties notwithstanding any investigation made by the parties.

5.20 HIPAA Requirements. HHI and Hospital shall comply with all laws applicable to their respective business
concerning patient privacy and confidentiality. The parties have entered into the Business Associate Agreement in Exhibit
A.

5.21 Employee Non-Solicitation. During the term of this Agreement and for one (1) year after the
effective termination date of the Agreement, no party will solicit, directly or indirectly, a “Significant Employee”
of any other party to this Agreement, without prior written approval of the chief executive officer of the employer
of that Significant Employee. If a Significant Employee is hired (directly or indirectly) without prior written
approval, then the hiring party will pay the other party (or parties) a sum equal to two (2) years of the Significant
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Employee’s salary. For purposes hereof, the term “Significant Employee” means any person employed by any
party to this Agreement (including a party’s affiliated professional corporations that employ a party’s providers)
in a professional, non-clerical and non-custodial position. This provision applies to any Significant Employee
during the term of this agreement and for a 12-month period post-employment. This restriction shall not apply to
any person employed by a party who seeks employment with the other party through media of general availability,
such as newspapers or trade publication advertisements, internet listing or similar solicitations not targeted at
specific employees, and to which individuals choose to respond.

5.22 Joint Commission Standard. HHI represents and warrants that the Services will be provided safely and
effectively. In order to ensure compliance with this provision, HHI agrees to submit to an annual evaluation of the
performance of the Services by means including, but not limited to, direct observation, audit of documentation, review of
incident reports, review of periodic reports, collection of data, review of performance reports, review of staff and patient
input, review of patient satisfaction studies, and/or review of results of risk management activities. Any such annual
evaluation shall be conducted by Hospital upon reasonable advance written notice to HHI and shall be performed at the sole
cost and expense of Hospital. The parties intend and agree that this provision and this Agreement are intended to comply
with imposed Joint Commission Standard LD 04.03.09.

5.23 Dispute Resolution. In the event a dispute between the Parties arises out of or is related to this Agreement, the Parties
shall make good faith efforts to settle the dispute by discussions prior to any other dispute resolution process. A Party shall
provide notice of a dispute to the other Party and the Parties will assign the appropriate level of management who will initiate
discussions to seek resolution of the dispute, consistent with the terms of this Agreement. Both Parties agree to make best
efforts to reach a mutually agreeable resolution within a reasonable timeframe considering the nature of the dispute from the
date of the original notice.

IN WITNESS WHEREOF, the undersigned have executed this Agreement as of the dates set forth below.

“Hospital” “HHI”

Hazel Hawkins Memorial Hospital Hicuity Health, Inc.

By: By:

Print Name: Print Name: Andrea Clegg

Title: Title: Chief Financial Officer

Date: Date:

Address: Address: One CityPlace Drive, Suite 570
St. Louis, MO 63141

Attention: Attention: CFO

Fax: Fax: N/A

Electronic Mail: Electronic Mail; andrea.cleppiahicuityhealth,com

ATTACHMENTS:

Exhibit A — Business Associate Agreement
Exhibit B — Fees
Exhibit C — Clinical Roles, Responsibilities, and Metric Reporting
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EXHIBIT B — FEES

B.1 Upfront Fee. Hospital will pay an upfront fee of Five Thousand Dollars ($5,000) for one (1) central
station. Such upfront Fee shall be paid upon execution of the Agreement. Should Hospital add future additional central
stations, HHI shall invoice in accordance with the above terms.

B.2 Service Fees.

(a) Beginning on the Actual Launch Date and during the term of this Agreement, Hospital
shall pay HHI a rate of Twenty-Six Dollars ($26.00) per Patient Day which HHI shall invoice to Hospital on a monthly
basis. Such service fees shall be subject to a monthly minimum fee of Five Thousand Dollars ($5,000).

A “Patient Day” shall be defined as a unique patient occupying a Telemetry Bed for some portion
of a single day (12:00am EST to 11:59pm EST), no matter how much of the day that patient occupies the Telemetry
Bed. For clarification, a Telemetry Bed occupied by two different patients in a single day constitutes two patient days
— one for each unique patient occupying the Telemetry Bed.

) The foregoing fees in Section B.2(a) are subject to annual increase on each anniversary of
the Actual Launch Date based on the percentage increase over the most recent 12 month period in the Consumer Price
Index (the “Index”), United States City Average, for “All Urban Consumers”, published by the Bureau of Labor
Statistics of the United States Department of Labor (or if the Index is no longer published or issued, any successor
index).

(©) Network Connectivity. If Hospital elects for HHI to procure and manage the network
connections supporting hardware between Hospital and HHI’s operations center, Hospital shall pay HHI actual cost
incurred, plus an administrative fee of twenty percent (20%) of the actual cost incurred for the implementation of such
network connection in accordance with Article I of this Agreement. In addition, Hospital agrees to pay actual cost
plus an administrative fee of twenty percent (20%) of the actual cost per month for the duration of the initial contract
period and any subsequent renewal term for maintenance and support of the above referenced network connections.

B.3 Taxes. All prices exclude taxes, duties, shipping and handling. Any applicable taxes shall be the
responsibility of Hospital. In the access and use provided hereunder, no tangible personal property is being sold,
transferred or delivered to Hospital.

Telemetry Services Agreement
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EXHIBIT C — CLINICAL ROLES, RESPONSIBILITIES AND METRIC REPORTING

C.1 Metrics. During the term of this Agreement, the parties agree to work collaboratively to develop,
monitor and report on specific clinical metrics, as may be possible.

C2 Roles and Responsibilities of the Parties. The standard responsibilities of the telemetry service

offering include:
[ ]

Baseline “strip” will be measured, annotated and sent to the Hospital one time per twelve hour
shift per patient by HHI.

Hospital is responsible for final strip interpretation and adding strips to the patient medical
record as applicable.

HHI will monitor cardiac waveforms and call on associated alarms as described in Exhibit D
Hospital is responsible to answer HHI notifications and treat the patient as appropriate.

Admit and discharge to monitoring stations will be the responsibility of the Hospital

Silencing of alarms on the monitoring stations will be the responsibility of the Hospital

The Parties’ operational and clinical teams will meet at least one time per week during the
implementation phase and initial eight weeks of service once launched

The Parties’ leadership teams will meet weekly during the implementation phase and monthly
during the initial eight weeks of service

The Parties agree to configure the Hospital monitoring central stations and other technology
platforms to optimize the integrated workflows

Within 30 days following execution of this Agreement, the parties agree to cooperatively develop and define
workflows, policies and procedures in advance of the Proposed Launch Date. It is anticipated that the parties will

address the following:

What is to be documented?

When is something documented?

Who documents it?

Where is it documented?

What is the protocol for contacting/alerting Hospital staff?

How are “strips” documented and retained?

What are downtime procedures?

How is a patient admitted/discharged for Remote Telemetry Services?




EXHIBIT D - STANDARD ALARMS

Alarm/Alert Who is called?

Lead(s) Off-No interpretable rhythm 1. Assigned Nurse
No Signal 2. Charge Nurse
Dead Battery 3. House Supervisor
Sustained Artifact/Inability to interpret rhythm > 2 min
Low/Weak Battery 1. Patient Care Tech
Lead(s) Off-Interpretable rhythm 2. Assigned Nurse

3. Charge Nurse

4. House Supervisor
Idioventricular Rhythm 1. Assigned Nurse
Sustained VT 2. Charge Nurse
VFib 3. House Supervisor
Asystole

Rhythm Changes which generate an alarm

Pause >2.5 sec

Vitach (5 beats or more)

High Limit >150 beats/min

Low Limit <40 beats/min

Vtach >100 beats/min’
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Empirical [nvestigations

Effect of Remote Cardiac Monitoring System Design on Response Time to

Critical Arrhythmias

Noa Segall, PhD;

Jeffrey A. Joines, PhD;

Ron'Nisha D. Baldwin, BSN, MSN;
Diane Bresch, RN, BSN;

Lauren G. Coggins, RN, BA, BSc, BSN;
Suzanne Janzen, RN, BSN, MHS;

JillR. Engel, DNP, ACNP, FNP, NEA-
BC, FAANP;

Melanie C. Wright, PhD

Introduction: In many hospitals across the country, electrocardiograms of multiple atrisk
patients are monitored remotely by telemetry monitor walchers in a central location. How-
ever, there is limited evidence regarding best practices for designing these cardiac monitor-
ing systems fo ensure prompt detection and response to lifethreatening events. To identify
factors that may affect monitoring efficiency, we simulated crifical arrhythmias in inpatient
units with different monitoring systems and compared their efficiency in communicating the
arrhythmias to o first responder.

Methods: This was a mulficenter cross-sectional in situ simulation study. Simulation partic-
ipants were monitor watchers and first responders (usually nurses) in 2 inpatient units in
each of 3 hospitals. Manipulated variables included: (1) number of communication nodes
between monitor watchers and first responders; (2] central monitoring station locafion—on
or off the patient care unit; (3) monitor watchers' workload; (4) nurses' workload; and (5)
participants' experience,

Results: We performed 62 arrhythmia simulations to measure response fimes of monitor
watchers and 128 arrhythmia simulations fo measure response times in patient care units.
We found that systems in which an intermediary between monitor watchers and nurses
communicated critical events had faster response fimes to simulated arrhythmias than sys-
fems in which monitor watchers communicated directly with nurses. Responses were also
faster in units colocated with central monitoring stations than in those located remotely.
As the perceived workload of nurses increased, response latency also increased. Experi-
ence did not affect response fimes.

Conclusions: Although limited in our ability fo isolate the effects of these factors from ex-
traneous factors on central monitoring system efficiency, our study provides a roadmap for

using in situ arrhythmia simulations to assess and improve monitoring performance.
(Sim Healtheare 17:112-119, 2022)

Key Words: Arrhythmia simulation, remote telemetry monitoring,

Every year more than 200,000 people are treated for in-hospital
cardiac arrest in the United States.' Many of these patients have
pulseless ventricular tachycardia (VT) or ventricular fibrilla-
tion (VF) and may be saved with timely treatment including
cardioversion/defibrillation. The American Heart Association
recommends defibrillation therapy within 2 minutes of recog-
nizing a cardiac arrest. However, in 30% of patients, defibrilla-
tion is delayed more than 2 minutes from onset reducing their
chances of survival to hospital discharge by half.2

Hospitals have implemented various solutions to ensure
prompt detection and response to cardiac arrest and other
critical patient events. Often, the electrocardiograms (ECGs)
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of multiple at-risk patients are monitored remotely by teleme-
try monitor watchers in a central location (Fig. 1). Although
professional organizations do their best to provide evidence-
based guidelines for central telemetry monitoring,® the stan-
dards are currently limited. Consequently, monitoring practices
vary widely among hospitals, primarily driven by the available
technologies, system constraints, and financial considerations.
For example, continuous ECG telemetry monitoring can be im-
plemented using local (on-unit) or remote (off-unit or even off-
site) monitoring stations. Watchers may communicate a critical
arrhythmia directly to the patient's nurse or through an interme-
diary such as a health unit clerk (HUC), and different communi-
cation technologies may be used for this purpose (eg, pagers,
overhead speakers, landline and cell phones, or bidirectional
voice communication badges). The watcher-to-patient ratio
can also vary, with a single watcher monitoring between 16
and 72 patients at any given time.*®

The effect of these practices on monitoring efficiency, that
is, how quickly critical arrhythmias are detected and responded
to, is largely unknown because such arrhythmias are rare and
difficult to observe in clinical settings. To some extent, however,
we can extend findings from studies on vigilance in simulated
task performance to monitor watchers' work. Extensive re-
search on vigilance—our ability to discern signals (eg, critical
cardiac arrhythmias) from noise (eg, artifacts) over prolonged

Simulation in Healthcare
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FIGURE 1. Central telemetry monitoring station,

periods—has demonstrated a decline in performance over time
and identified factors that can affect this vigilance decrement.
Among these are workload, false alarm rate, task duration, and
environmental stressors such as noise.” High workload, for ex-
ample, was shown to decrease performance, specifically response
times and some types of errors, in simulated air traffic control
and baggage screening tasks.*™'' However, it is sometimes dif-
ficult to draw conclusions from performance in laboratory-
based, simplified tasks to real-world performance,'? where
the consequences of poor performance may be catastrophic.

To study monitoring performance, we simulated cardiac
arrhythmias in situ such that clinicians could not distinguish
the simulated arrhythmia from an arrhythmia in a real pa-
tient.">'* Arrhythmia simulations in patient care settings pro-
vide an opportunity to measure responses to critical cardiac
events without compromising patient safety and with a degree of
control that is not feasible when studying real events. These simula-
tions allow us to capture the critical—but often overlooked—time
from arrhythmia onset to recognition, as well as the subse-
quent time to reach the patient, To the extent that this latency
from arrhythmia onset to treatment can be minimized, pa-
tients' odds of surviving cardiac arrest can be improved.

The goal of our research was to use simulation to identify
determinants of efficient cardiac monitoring systems. To this
end, we compared the process of communicating a critical ar-
rhythmia to a first responder, usually the patient's nurse, in 6
inpatient units with different monitoring systems, to deter-
mine the system that yields the fastest response time. Response
times were defined as the time lapse between the beginning of
a simulated critical arrhythmia and a first responder’s arrival in
the patient's room.

We hypothesized that response times to simulated critical
arrhythmias positively correlate with the number of communi-
cation nodes between monitor watchers and first responders.
This hypothesis is in line with our previous research, in which
we validated in situ simulated cardiac events as a tool for mea-
suring arrhythmia recognition and response performance. In
that study, response times were shorter for patients monitored
by their unit nurses than for patients monitored by remote
watchers.'> With respect to the other factors mentioned previ-
ously, we expected a faster response time when monitor watchers
are located on the same unit as the monitored patient, rather than
in a remote location. We based this hypothesis on qualitative re-
search in which information timeliness and accuracy were per-
ceived to be better when monitor watchers were colocated with

Vol. 17, Number 2, April 2022

the nursing unit than when they were in a different unit or
hospital.'® Based on our laboratory-based study on the effects
of patient load on monitor watchers' response times to critical
arrhythmias'” and on the vigilance research described previ-
ously,'" we also expected faster response times when the
workload of monitor watchers and nurses is lighter. Finally,
we hypothesized that more experienced clinicians and those
who had previously participated in arrhythmia simulations
would respond more quickly. (See Table 1 for a summary of
study hypotheses.)

MATERIALS AND METHODS

Settings
This study involved 2 patient care units in each of 3 par-
ticipating hospitals:

A. Alarge academic hospital in North Carolina (general surgery and
mixed units),

B. A small community hospital in North Carolina (progressive care
and medical/oncology units), and

C. A medium-sized community hospital in Idaho (telemetry and
medical/oncology units).

Each hospital had a central monitoring station that served
all of its noncritical cardiac telemetry patients, including those
in the selected patient care units. In the large academic hospital
(A), the monitoring station was located in a dedicated “war
room” that was distant from the units. If a patient on one of
the units experienced a critical arrhythmia or other urgent
monitoring-related event, monitor watchers typically called
an emergency (red) phone on that unit, while for less urgent
issues, watchers called a regular unit phone. An HUC sitting
in the unit's reception area was assigned to respond to these
calls and then relayed the information to the patient's nurse
via a call to the nurse's mobile phone, an overhead page, or a
phone call to the nursing station (Fig. 2, top). In the small
community hospital (B), the monitoring station was in a small
room colocated with the progressive care unit. In this hospital,
nurses carried phones, which a monitor watcher could call to
inform them about patient arrhythmias (Fig, 2, bottom). Finally,
in the medium-sized community hospital (C), the monitoring
station was located in the nursing station of the telemetry unit.
Similar to the small community hospital, monitor watchers could
call nurses to inform them of problems but, in urgent situations,
were also often observed verbally calling out to any nearby nurse
in the telemetry unit (Fig, 2, bottom). Monitor watchers at the
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TABLE 1. Study Hypotheses

Hypothesis Dependent Variable(s) Independent Variable
1. Fewer communication nodes lead to shorter unit RTs, Unit RT No. communication nodes (2 or 3)
2a. When patient units are colocated with central monitoring stations, Monitor watcher RT Central monitoring station location
monitor watcher RTs and unit RTs are shorter. Unit RT (on or off patient care unit)
2b. Monitor watchers who are monitoring fewer patients have shorter RTs. Monitor watcher RT No. patients monitored
2c. Monitor watchers with a lower perceived workload have shorter RTs. Monitor watcher RT Perceived workload (low, medium, or high)
2d. Nurses with a lower perceived workload have shorter RTs. Unit RT Perceived workload (low, medium, or high)
2e. Participants with more clinical experience have shorter RTs. Monitor watcher RT Clinical experience (<1 y or 21 y)
Unit RT
2f. Participants who have been previously exposed to arrhythmia Monitor watcher RT Previous exposure to arrhythmia simulation
simulations have shorter RTs. Unit RT (yes or no)

RT, response time,

medium-sized community hospital were assigned additional,
nonmonitoring tasks and were replaced by other staff, for ex-
ample, the telemetry unit charge nurse, when they stepped away
from the monitoring station. In all 3 hospitals, when a critical
arrhythmia occurred (eg, VF for more than 5 seconds), monitor
watchers were expected to urgently call a code response team
before or while calling the patient's nurse. In practice, however,
most watchers refrained from “calling a code” and only called
the patient’s nurse. Table 2 summarizes the characteristics and
monitoring systems for each unit in the 3 hospitals.

In Situ Arrhythmia Simulations

To test system response times to critical arrhythmias, we
conducted in situ unannounced simulations of cardiac arrest
at each hospital's central monitoring station and in the 6 pa-
tient care units. Shift lengths for monitor watchers, nurses,
and HUGs in the 3 hospitals were typically 12 hours. Arrhyth-
mia simulations were generally performed at least 30 minutes
after the beginning of shifts, to allow time for participants to
develop a vigilance decrement.'® Simulation participants were
informed of the research and the simulation procedures but
were not told when a simulation would occur. The study was
approved by the institutional review board of each participat-
ing hospital for research involving the use of human subjects.

Central Monitoring Stations

To measure response times of monitor watchers, a research
nurse connected an ECG rhythm simulator from a patient

room into the hospital's network such that the simulated signal
appeared on the monitor watcher's display as a normal ECG
would look for that patient. Using the simulator, the nurse
mimicked the patient's baseline rhythm and then simulated a
few premature ventricular contractions before initiating VT
or VF (Fig. 3). During the simulation, the patient was moni-
tored at the bedside by a nurse proficient in cardiac monitor-
ing using a local monitor. Using a stopwatch, a confederate at
the central monitoring station measured the time from the
start of the simulated VT/VF until the monitor watcher called
the nursing unit. If a call was not placed within 5 minutes, the
simulation was stopped.

Patient Care Units

To measure response times in the nursing units, a confed-
erate monitor watcher called the unit, that is, the HUC in the
large academic hospital (A) or the patient's nurse in the small-
and medium-sized community hospitals (B and C) and stated
that a patient is in VT or VE. Using a stopwatch, we measured the
time from the phone call until a first responder entered the patient's
room. The response time was documented as 5 minutes if no
clinician arrived in the patient's room within that timeframe,
and the simulation was terminated.

After each arrhythmia simulation, a short debriefing was
conducted with the participants—the monitor watcher, HUC,
and/or first responder to the patient's room—to explain the
study goals. They also completed a survey that asked for their

Monitor watcher
observes arrhythmla
and calls unit HUC

Arrhythmla
onset

LN

HUC pages Nurse hears Nurse goes
nurse page to patient’s
room

Monltor watcher
observes arrhythmla
and calls nurse

Arrhythmia onset

x.
Nurse goes to
patlent’s room

Nurse recelves
call

FIGURE 2. Response processes for a patient suffering a critical arrhythmia at the large academic hospital (A, top), small community hos-

pital (B, bottom), and medium-sized community hospital (C, bottom).
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TABLE 2. Participating Patient Care Units and Their Monitoring Systems

Average No. Communication Nodes Monitor  Average (Min-Max)
No.  Percent of Cardiac (2, Watcher to Nurse; 3, ~ Watcher  Patient Load for
Site Unit Beds  Telemetry Beds*  Watcher to HUC to Nurse) Location Monitor Watcherst
Large academic hospital (A) 1 General surgery 32 13% 3 Remote 27 (13-35)
2 Urology, otology, ophthalmology, 32 9% 3 Remote
gynecology, plastic surgery (mixed)
Small community hospital (B) 3 Progressive care 33 56% 2 Local 25 (11-35)
4 General medicine/oncology 45 22% 2 Remote
Medium-sized community 5 Telemetry 24 80% 2 Local 33 (2044)
hospital (C) 6 General medicine/oncology 40 9% 2 Remote

*Data obtained through observations.
tData obtained from postsimulation surveys,

demographic information, current patient load, clinical experi-
ence, and previous arrhythmia simulation experience and whether
they perceived the simulation to be a real event. The participants
received a gift card as compensation for their effort.

Measures

The primary outcome measure was clinician response
time, in seconds, to the simulated arthythmia, Monitor watcher
response time was defined as the time lapse from arrhythmia
start until the watcher picked up the phone to call the nursing
unit, Unit response time was defined as the time lapse from ini-
tiation of the phone call by the monitor watcher until a first re-
sponder arrived in the patient's room.

Based on our hypotheses, independent variables included:
(1) number of communication nodes between monitor
watchers and first responders (2 or 3 nodes, primary hypothe-
sis); (2) monitor watchers' location—on or off the unit in
which the simulated patient was located; (3) monitor watchers'
workload, both actual (number of patients being monitored
during the simulation) and perceived (self-scored as low, me-
dium, or high); (4) nurses' perceived workload (self-scored as
low, medium, or high); and (5) participants' clinical experi-
ence (<1 or 1 year or more) and experience with arrhythmia
simulations. Study hypotheses are expressed in terms of these
variables in Table 1.

Statistical Analysis

We analyzed our data using a linear mixed-effects model,
which removes variation because of both fixed and random effects
and allows the handling of nonindependent data (eg, response
times within a unit within a hospital). Fixed effects included (1)
number of communication nodes, (2) monitor watchers' location,
(3) patient load, (4) perceived workload, and (5) experience.
We controlled for patient care units (nested within hospitals)
as random effects,

A mixed model analysis of variance was used to assess the re-
lationship between the dependent variable, response time, and the
independent variables. A P value of 0.05 was considered significant.
A significant test result was followed up with a Steel-Dwass non-
parametric multiple comparisons test,'® where needed.

Based on data from a previous study comparing monitor-
ing methods," a sample size of 20 arrhythmia simulations in
each central monitoring station and hospital unit was calcu-
lated to have 80% power to detect a significant difference in
mean response times between units, Data analyses were per-
formed using JMP Pro Version 15 (SAS Institute, Cary, NC).

RESULTS

In all, 190 arrhythmia simulations (62 monitor watcher and
128 unit simulations) were performed. Simulation participant

‘-‘Omdlll‘- sl

FIGURE 3. Simulated VF patient (number 15) on a monitor watcher's display.

Vol. 17, Number 2, April 2022

115

© 2021 Society for Simulation in Healthcare

Copyright © 2022 by the Society for Simulation in Healthcare. Unauthorized reproduction of this article is prohibited.

3l



TABLE 3. Simulation Participant Characteristics

Clinical Experience,
Percent of
No. Participants With

Average Patient Load
During Simulation,
No. Patients for Whom

Average Perceived  Percent of Participants Percent of Participants
Patient Load Who Had Previously ~ Who Perccived the
During Simulation; ~ Been Exposed to a Simulation as a

Site Unit Simulations <1y of Experience the Participant Was Caring 1 = Low, 3 = High Simulation Real Event
Large academic General surgery 20 13.3% 3.6 1.9 53.3% 93.3%
hospital (A} Mixed 19 26.7% 42 1.9 26.7% 86.7%
Central monitoring 22 0% 28.1 2.5 81.8% 83.3%
station
Small Progressive care 24 6.3% 45 1.9 12.5% 93.3%
community Medicine/oncology 20 17.6% 4.2 2.4 29.4% 82.4%
hospital (B)  ceniral monitoring 20 333% 27.8 22 94.7% 94.7%
station
Medium-sized  Telemetry 21 11.1% 3.9 1.9 83.3% 89.5%
community Medicine/oncology 24 19% 45 2 68.1% 100%
hospital () central monitoring 20 31.6% 333 23 73.7% 100%
station

characteristics are summarized in Table 3. Response times for
the central monitoring stations in the 3 hospitals are presented
in Figure 4. A nonparametric analysis of variance found these
response times to be significantly different across hospitals
(P =0.0162, hlz, =0.157), with post hoc tests showing that re-
sponse times at the medium-sized community hospital (C) were
shorter than at the small community hospital (B). Response
times for the 6 patient care units, shown in Figure 5, are signifi-
cantly different across units (P = 0.0059, h7=0.776). Post hoc tests
showed that response times in the medicine/oncology units in
hospitals B and C were significantly longer than in the mixed,
progressive care, and telemetry units and that the response times
in the general surgery unit were significantly longer than in the
progressive care unit.

Hypothesis 1: Fewer communication nodes lead to shorter
unit response times.

Our primary hypothesis was that unit response times de-
crease as the number of communication nodes between mon-
itor watchers and first responders decrease, However, based on

.;
&

34 | (63)

Respanse Time [Seconds)

-25

the linear mixed-effects model, while controlling for the ran-
dom effects of unit, telemetry location, and hospital, this hy-
pothesis was not supported. We found that response times
were shorter in the large academic hospital (A) where monitor
watchers called HUCs who then called unit nurses to report
arrhythmias (mean = 39, SD = 40 seconds), compared with re-
sponse times in the other hospitals (mean = 54, SD = 65 sec-
onds) where monitor watchers called nurses directly (Fig. 5;
P =0.035, h7=0.8681).

Hypothesis 2a: When patient units are colocated with cen-
tral monitoring stations, monitor watcher response times and unit
response times are shorter.

We also hypothesized that response times are shorter when
monitor watchers are located on the same unit as the monitored
patient, rather than in a remote location. Based on the linear
mixed-effects model, while controlling for the random effects
of unit and hospital, patient care unit response times were signif-
icantly affected by location (P < 0.0047, hﬁ:().l)fi), with shorter re-
sponse times observed in units colocated with the monitoring

iz | (21)

FIGURE 4. Central monitoring station response times to simulated arrhythmias (+1 standard deviation) by hospital. A, Large academic
hospital; B, small community hospital; C, medium-sized community hospital.
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FIGURE 5. Patient care unit response times fo simulated arrhythmias (1 standard deviation) by hospital and unit. A, Large academic
hospital; B, small community hospital; C, medium-sized community hospital.

stations (ie, progressive care and telemetry units; mean = 39,
SD = 50 seconds vs. mean = 55, SD = 62 seconds in units remote
from central monitoring stations). Central monitoring station re-
sponse times were not, however, affected by location (P = 0.63),
that is, monitor watchers responded as quickly to arrhythmias
occurring in colocated units (progressive care and telemetry
units) as to arrhythmias occurring in units located remotely
(general surgery, mixed, and the 2 medicine/oncology units).

Hypothesis 2b: Monitor watchers who are monitoring fewer
patients have shorter response times.

Hypothesis 2c: Monitor watchers with a lower perceived
workload have shorter response times.

Hypothesis 2d: Nurses with a lower perceived workload
have shorter response titmes.

Based on the linear mixed-effects model, while control-
ling for the random effects of hospital, unit, and telemetry lo-
cation, monitor watchers' actual patient load did not affect
central monitoring response times (P = 0.36). (We did not test
patient load effects on unit response times because nurses' loads
were relatively uniform, with an average of 4.2 patients and a me-
dian of 4 patients, while some responders were nursing assistants
or charge nurses, with different patient loads and care roles.)
Monitor watchers' response times were also not affected by
perceived workload (scored by simulation participants as
low, medium, or high; P = 0.14). However, unit response times
were affected by perceived workload (P = 0.0159, .’1;-:-0.08). Unit
response time means were 71 seconds (SD = 82 seconds) when
workload was high and 44 seconds (SD = 45 seconds) when
workload was low or medium.

Hypothesis 2e: Participants with more clinical experience
have shorter response times.

Hypothesis 2f. Participants who have been previously ex-
posed to arrhythmia simulations have shorter response times.

Most participants were experienced—=81.5% had more than
1 year of clinical experience—but experience did not affect unit
or central monitoring station response times (P = 0.15 and

Vol. 17, Number 2, April 2022

0.84, respectively). Finally, most participants—56% of unit re-
sponders and 70% of monitor watcher responders—had previous
exposure to arrhythmia simulations. Nevertheless, 91.4% of re-
sponders perceived the arrhythmia to be real. In addition, neither
unit response times (P = 0.82) nor central monitoring station re-
sponse times (P = 0.39) were significantly affected by participants'
previous experience with these types of simulations.

DISCUSSION

Our findings have several implications for the design of in-
hospital patient monitoring systems. First, nursing unit re-
sponses to critical arrhythmias were faster when monitor
watchers called a unit's HUC who then contacted nurses, than
when monitor watchers called the patient's nurse directly.
There are several potential reasons for this finding. Health unit
clerks were often observed calling the nursing station or using
an overhead page, rather than page the patient's nurse. In these
instances, the available nurse closest to the patient's room was
typically the first to respond. Because the responder was the
closest available nurse rather than the patient's assigned nurse,
who may have been busy elsewhere, this practice could have
contributed to shorter response times. Another contributor
to the quick responses could be that monitor watchers always
called the same phone numbers (the unit HUCs) and did not
need to search for the name and phone number of specific
nurses. Likewise, HUCs did not need to search for a specific
nurse's number, which would have been another potential
source of inefficiency. Finally, availability to respond to the
unit phone remained a constant for HUCs, whereas the vari-
able availability of the nurses could have contributed to longer
response times.

Itis important to note that other confounding factors may
also have contributed to this finding. For example, units that
had an HUC were part of hospital A, a large academic center
with more complex and sicker patients than the 2 community
hospitals (B and C). Therefore, patient acuity may have impacted
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response time, Most likely, response times were driven by a com-
bination of factors including HUC involvement, patient acuity,
and additional factors that may distinguish the large academic
hospital from the 2 community hospitals.

We also found that the location of the central monitoring
station affected nurses' response times, with shorter response
times in the 2 units colocated with the monitoring station rather
than in remote locations. It is likely that monitor watchers' direct
access to the nurses, and familiarity with them, contributed to the
timeliness of communication. This setup is also perceived to im-
prove communication accuracy and care coordination.'® How-
ever, several confounding factors may also have contributed to
this finding, For example, in the hospitals that we studied, mon-
itoring stations were located within units that accommodate pa-
tients with more severe cardiac problems. In these units, nurses
may experience a heightened sense of urgency in responding to
critical arrhythmias®® and may be better trained to recognize
and address them. These units were also smaller and capacity
than their remote counterparts {Table 2).

Similarly, we hypothesized that monitor watcher response
times are shorter when they are calling a nurse in their colocated
unit, because of proximity, rather than a nurse in a remotely lo-
cated unit. Contrary to our expectations, however, monitor
watcher response times were not affected by proximity to the
patient care units. Monitor watcher communication methods
varied by unit and hospital. In the 2 community hospitals (B
and C), they were expected to call the nurse assigned to the pa-
tient experiencing an arrhythmia. In practice, in units colocated
with the central monitoring station, they often verbally called
out to the patient's assigned nurse or any nearby nurse. This
did not, however, significantly reduce monitor watcher average
response times. Directly calling the patient's nurse (community
hospitals B and C) required monitor watchers to locate the
name of the assigned nurse, then the nurse's phone number
(and sometimes the name and number of the patient's backup
nurse or charge nurse, if the patient's nurse was unable to re-
spond). This task did not consume more time on average than
calling a unit's HUC, the practice for watchers in the large aca-
demic hospital (A), many of whom had memorized these num-
bers. However, because the community hospitals also included
units colocated with the monitoring stations, average response
times may have been shorter in part because of the common
practice of verbally calling out to nearby nurses, Thus, we can-
not rule out the possibility that monitor watcher response times
were affected by the time to locate the assigned nurse's name
and phone number,

Based on our previous study,'” we expected watchers who
monitored a larger number of patients to have longer response
times to arrhythmia alarms. Findings from the current study
did not bear this out, in part because of missing data—of 62
arrhythmia simulations, monitor watchers only reported their
patient load in 36 instances and their perceived workload in 41
instances. However, for nurses, as perceived workload increased,
response latency also increased. This underscores the notion
that workload is a function not only of the number of patients
assigned to a clinician but also of the complexity of their care
and other job responsibilities. One other confounding factor is
that slower responders may have reported a higher workload
to justify their longer response times.

118 Effect of Remote Cardiac Monitoring System Design

A large majority of participants perceived the simulated
arrhythmias to be real, and participants who had previously
been exposed to an arrhythmia simulation responded as
quickly as those for whom the simulation was a first experi-
ence. In addition, response times measured in this study are
in line with those measured in other studies.'*'”*° These find-
ings provide evidence for the construct validity of arrhythmia
simulations for measuring real arrhythmia recognition and re-
sponse performance. It bears mentioning, however, that in situ
arrhythmia simulations are not a simple, risk-free tool for
assessing monitoring performance. Careful planning and con-
trol are required to protect patient safety and the professional
reputation of participating clinicians.

Our hypothesis that more experienced clinicians have
shorter response times was not upheld. Contrary to our expec-
tations and to the findings of a recent study of nurse response
times,”® we did not find that clinical experience affected re-
sponse latency, possibly because of the relatively small sample
of clinicians with less than 1 year of experience (28 of 151 sur-
vey responders).

This study has several limitations. First, as previously men-
tioned, an important limitation is the multiple and often unknown
factors that may have contributed to the arrhythmia response
times we observed. For example, we do not know the extent to
which differences between hospitals, nursing units, and health
system safety cultures contributed to differences in response
times. We were not able to isolate and control for the effects
of such extraneous factors. Second, in light of the large vari-
ability in response times (Figs. 4, 5), our study may have been
underpowered to detect differences between monitoring prac-
tices. Response times varied quite a bit. On 5 occasions, when
a nurse was already in the room of the patient for whom an ar-
rhythmia was simulated, the response time was recorded as
0 seconds. To minimize disruption to patient care, we also stopped
simulated arrhythmias that received no response within 5 minutes.
This happened once with a monitor watcher and 4 times with
nurses. Although this time limit was appropriate when clinicians
did not plan to respond to the arrhythmia at all (eg, a monitor
watcher who perceived the arrhythmia to be artifact, or a nurse
who mistakenly thought she was already in the room of the patient
for whom the arrhythmia was called), it may not have sufficed
for scenarios where clinicians were busy or unavailable to re-
spond immediately (although hospital protocols required
them to call for help in these situations).

CONCLUSIONS

The practice of remote centralized cardiac monitoring is wide-
spread,”’ despite scant evidence to support its use.”2 However,
little is known about factors that contribute to or inhibit the
performance of remote monitoring systems. In this study, we
found that systems with an intermediary who acted between
monitor watchers and nurses to communicate critical events
were more efficient, that is, had shorter response times to sim-
ulated arrhythmias, than systems in which monitor watchers
communicated directly with nurses. Responses were also faster
in units colocated with the central monitoring stations than in
those that were located remotely. The patient load of monitor
watchers did not impact response times. However, as their
perceived workload and nurses' perceived workload increased,
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response latency also increased. Finally, response times were
not affected by clinical experience or by previous exposure to
arrhythmia simulations. Although limited in our ability to iso-
late the effects of these factors, our study provides initial in-
sights into methods for improving central monitoring system
efficiency. In addition, it provides a roadmap for using in situ
arrhythmia simulations to assess and improve monitoring
performance.
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