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1. Document Purpose

This is an interoperability use case designed to define interactions between clinicians and ventilators and other devices and systems in the interest of developing an information model to support those interactions. This model may contain or reference one or more “detailed clinical models” (DCMs)--a formalism for representing clinical information currently under development. Confirming the method for using these component models is a key goal of the project sponsoring the use case. The requirement for clinical accuracy in DCMs means that the scope of the information model extends beyond the device interactions to other clinical facts: these facts are bounded in this case by the VA National Template for Intubation and by the Advanced Cardiac Life Support protocol published by the American Heart Association.
2. Use Case Description
In response to an ICU patient’s deteriorating condition, a team of clinicians intubates a patient and attaches the patient to a ventilator, confirms that the ventilator is working properly, and confirms that the settings are correct. 
This use case explicitly excludes planned intubations, typically performed prior to surgery, and the involvement of an anesthesiologist.
3. Actors

· Clinician with intubation privileges – a clinician of any title who is permitted to perform intubations
· Response team member: other clinician, with or without intubation privileges, including 

· Nurse – typically responsible for patient care; may assist with intubation process
· Respiratory Therapist – typically responsible for setting up the ventilator and modifying settings
· MD – A physician who may have ordered the intubation and may assist with intubation process
· Patient: The patient has no responsibilities in the workflow, and so is not formally considered an actor. However, the patient is an important participant.

4. Systems and Devices

· Ventilator
· Arterial Blood Gas monitor

· Pulse Oximeter

· Electrocardiograph

· Vital signs monitor

· Capnometer

· X-ray

· Laryngoscope

· Electronic Health Record (local, partial, or comprehensive)
5. Trigger

In response to a deterioration in patient condition, a physician orders intubation (verbally or in a document) and assembles a team.
· Order or protocol for intubation
6. Pre-Conditions

· Patient ID: patient admitted to room system
· Any system independently identifying the patient, e.g., via barcode, will also already have identified the patient.
· Pre-medication

· Assessment

· Equipment

· Ventilator on

· Monitors attached 

·  Supplies for airway management on hand
7. Post Conditions

If the use case was completed, then

· Patient condition

· Endotracheal (ET) tube placement verified and secured

· Patient assessed for response to intubation

· Ventilatory status

· Ventilator parameters are set

· Equipment alarms are set

· EHR documentation

· All setup readings and settings in EHR
· Ongoing monitoring

· Patient observations are sent to EHR on the specified schedule
8. Workflow
8.1 ICU Emergency Workflow 
This workflow is based on the clinical scenario referenced in section 11.
	
	Actor
	Action
	System Response

	1.
	Privileged clinician
	Decide to intubate
	

	2.
	Privileged clinician
	Call team
	

	3.
	Response team member
	Sedate patient
	

	4.
	Response team member
	Assemble supplies 

	

	5.
	Response team member
	Prepare patient position
	

	6.
	Response team member
	Assess patient
	Vitals monitor: display vitals

ABG: display ABGs [note]

EKG: display EKG
Pulse oximeter: display O2

	7.
	Privileged clinician
	Intubate patient
	Laryngoscope: record intubation

	8.
	Response team member
	Confirm placement by sound
	

	9.
	Response team member
	Confirm placement by CO2 measurement
	Capnometer: Display EtCO2

	10.
	?
	Confirm placement by x-ray
	X-ray: Display image

X-ray: Record image

	11.
	Response team member
	Begin manual ventilation (bag valve mask)
	

	12.
	Response team member
	Attach ventilator to electricity, air, and oxygen
	

	13.
	Response team member
	Confirm ventilator self-test
	Ventilator: display confirmation

	14.
	Response team member
	Place ventilator on standby
	Ventilator: display mode

	15.
	Response team member
	Determine settings and confirm
	

	16.
	Response team member
	Enter settings
	Ventilator: display settings

	17.
	Response team member
	Take ventilator off standby
	Ventilator: display mode

	18.
	Response team member
	Connect patient to ventilator
	

	19.
	Response team member
	Connect ventilator to medical record
	Ventilator: record mode & settings

	20.
	Response team member
	Set alarms
	Ventilator: record alarms

	21.
	Response team member
	Assess patient
	As above

	22.
	Response team member
	Document intubation 
	EHR: record intubation procedure


Notes:
1. All steps: information regarding these steps to be recorded manually after intubation is noted below, based on the VA National template.

2. Step 1: Decision may be based on blood gas threshold alarm, notification from laboratory, or other clinical factor. Clinical observation values are not part of the ventilator communication at this point: see the Manage Ventilator case for more detail.

A) Template: “Primary conditions requiring tracheal intubation,” 10 values

3. Step 2: Calling the team may involve the use of a “code” or “rapid response” call; in the (ideal) subtending scenario, the patient is in the ICU and no assembly is required.
A) Template: title of person performing intubation, degree of supervision, location, emergent status

4. Step 3: medication will vary depending on available clinician’s privileges and urgency of process.
A) Template: sedation (5 values plus “none” and “other”), Neuromuscular blocking agent (6 values plus “none” and “other”), and “Other pharmacological agents utilized during intubation”

5. Step 4: supplies are on hand in ICU.

6. Step 5: preparation involves patient position, bed configuration, and any other object obstructing team members from putting the ventilator and tube into position for use.

7. Step 7: intubation may be assisted with a laryngoscope or other device, none of which are currently capable of detecting or recording information.

A) Template: instrumentation, insertion route, tube size, Cormack/Lehane scale, success indicator, attempt count, esophageal intubation count

8. Steps 8-10: confirmation may follow different paths, one step of which may result in an interaction.
A) Template: “confirmation by” CO2, EDD, both, or neither; “post-procedure chest x-ray ordered.”

9. Step 13: Ventilator self-tests and confirms readiness, but this is not made part of the record.

10. Step 16: Settings will be communicated to the patient record. Will this be only on setting changes, with any reading, or some other schedule?

11. Step 19: In this scenario, the ventilator automatically sends information to the EHR. In many ICUs this will not be true.
12. Step 20: alarm settings—need more detail
Data 
All Case Steps: baseline metadata for all observations and instructions
Device All
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	Device type
	
	
	

	Device model
	
	
	

	Interaction time
	
	
	

	Clinician responsible
	Name? BL?
	
	

	Time of clinician confirmation
	
	
	

	Patient identifier
	
	
	


All Case Steps: baseline metadata for all observations
Device All
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	Observation Method
	
	
	

	Time of observation
	Time
	
	


Case Step 5: Confirm Observations 

Device Vitals monitor
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	Heart rate
	Integer (1/min)
	80
	

	Respiratory rate
	Integer (1/min)
	20
	

	Temperature
	Float, degrees
	37, 98.6
	

	Blood pressure
	String or model
	120/90
	How complex should this be? Include position, method, cuff size, other process or device information? Or should we import the existing BP DCM?


Case Step 5: Confirm Observations 

Device Pulse Oximeter
	Field Name
	Description
	Data type
	Typical Value
	Constraints & Notes

	SpO2
	Arterial saturation of hemoglobin
	%
	95
	


Case Step 5: Confirm Observations

Device: Arterial blood gas monitor

	Field Name
	Description
	Data type
	Typical Value
	Constraints & Notes

	SaO2 
	Arterial saturation of hemoglobin and other globins
	%
	95
	

	PaO2
	Oxygen pressure of plasma
	mmHg
	
	

	pH
	Acidity
	Float 
	7.5
	Do we care about significant digits?

	PaCO2
	CO2 pressure of plasma
	mmHg
	35-45
	

	PO2
	
	
	
	Alveolar pressure? “PO2” mentioned on call but not confirmed by cross-reference—possibly a local shorthand or idiom?


Case Step 5: Confirm Observations 

Device EKG
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	EKG snapshot
	Image file
	
	

	Parameters?
	
	
	


Case Step 6: Intubate Patient
Device Pulse Laryngoscope 
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	Intubation video
	Video file
	
	

	Parameters?
	
	
	


Case Step: 8 Display EtCO2 

Device Capnometer
	Field Name
	Description
	Data type
	Typical Value
	Constraints & Notes

	EtCO2
	End-tidal CO2, or percentage of CO2 in exhaled air
	Percent

Or mmHg?
	5%

35-37 mmHg
	Single value taken to establish intubation


Case Step 9: Record EtCO2
Device: Capnometer
	Field Name
	Data type
	Typical Value
	Constraints & Notes

	EtCO2 observation
	Percent

Or mmHg?
	5%

35-37 mmHg
	Single value taken to establish intubation


Case Step 19: Record Settings
Device: Ventilator

	Field Name
	Description
	Data type
	Typical Value
	Constraints & Notes

	Mode
	
	Enumerated
	Assist Control (AC)
	Mode affects required settings

	RR 
	Respiratory rate
	Integer (1/min)
	12-16
	May be set as target EtCO2 level in a closed loop system

	Vt 
	Tidal volume
	Integer (mL)
	10-12 mL/kg; .3 to .7 L
	Varies by protocol and patient

	FiO2 
	fraction of inspired O2
	Percent
	60%
	Varies by protocol and patient

	PEEP 
	Positive expiratory end pressure
	cmH2O
	5
	Varies by protocol and patient

	PS 
	Pressure Support
	
	
	Not included in AC mode

	Inspiratory flow rate
	
	Integer (L/min)
	40-60
	Peak value; varies by protocol and patient 

	I:E 
	In-to-out ratio
	
	
	Not set for AC: use flow rate and inspiratory time instead

	Inspiratory time
	
	
	
	Not specified but implied by I:E comment

	Waveform
	
	Enumerated
	Decelerated
	

	Sensitivity pressure target
	
	cmH2O
	2-5
	

	Flow trigger
	
	Float? (L/min)
	1-3
	Won’t be used while paralyzed

	Setting effective time
	
	
	
	

	Setting provider name
	
	
	
	

	
	
	
	
	


Case Step 20: Enter Alarm Settings
Device: Ventilator

	Field Name
	Data type
	Typical Value
	Constraints & Notes

	High pressure limit
	cmH2O
	15 above PIP
	We didn’t set PIP

	Low pressure limit
	cmH2O
	5 above PEEP
	

	High minute volume
	Integer (L/min)
	Set + 50%
	

	Low minute volume
	Integer (L/min)
	Set/2
	

	High RR 
	Integer (1/min)
	Normal + 15
	

	Destination?
	
	
	


Case Step 22: Document intubation (per VA National Template)
Device: EHR
	Field Name
	Description
	Data type
	Constraints & Notes

	Progress note title
	“Endotracheal intubation note”
	
	Three orthographical variants: significant?

	Patient
	Name, identifier
	
	Display only

	Date
	3 enumerations for M, D, Y
	Date
	Date only, not time

	Allergies
	
	
	Display only

	Staff name
	
	Text entry
	

	Job title
	
	Enumerated (1)
	

	Degree of airway supervisory staff involvement
	
	Enumerated (1)
	

	Urgency of procedure
	
	Enumerated (1)
	

	Intubation location
	
	Enumerated (1)
	Ward in hospital, not approach site

	Primary conditions requiring tracheal intubation
	
	Enumerated (N)
	

	Reintubation within 24 hours of extubation
	
	Yes/No
	

	Sedation
	
	Enumerated (N)
	Drug used, or “none” or “other”

	Neuromuscular blocking agent
	
	Enumerated (N)
	Drug used, or “none” or “other”

	Other pharmacological agent used
	
	Yes/No
	May also include text field for entry if “yes”

	Instrumentation 
	
	Enumerated (1)
	Tools to assist placement

	Procedure notes: insertion 
	
	Enumerated (1)
	Approach site

	Procedure notes: tube size
	
	Enumerated (1)
	

	Procedure notes: View by Cormack / Lehane scale
	
	Enumerated (1)
	

	Procedure notes: Was tracheal intubation successful?
	
	Yes/No
	

	Procedure notes: Number of laryngoscopy attempts
	
	Enumerated (1)
	0-3, >3

	Procedure notes: Esophageal intubatinos
	
	Enumerated (1)
	0-2

	Procedure notes: Confirmation method
	
	Enumerated (1)
	Post-coordinated: CO2, EDD, both, or neither

	Procedure notes: Condition after procedure
	
	Enumerated (1)
	

	Procedure notes: Other procedural technical notes
	
	Yes/No
	May also include text field for entry if “yes”

	Post-intubation patient disposition
	
	Enumerated (1)
	

	Complications
	
	Yes/No
	

	Post-procedure X-ray ordered
	
	Yes/No
	

	Overall difficulty of placement
	
	Enumerated (1)
	

	Plan/ Recommendations
	
	Yes/No
	

	Plan/ Recommendations
	
	Text entry
	


Case Step 22: Document intubation (per ACLS protocol)
Device: EHR

	Field Name
	Description
	Data type
	Constraints & Notes

	EKG
	
	
	

	B/P
	
	
	

	Pulse Oximetry
	
	
	

	EtCO2 
	
	
	

	
	
	
	


This section will require further review

9. Issues

	Issue Description
	Responsible Party
	Status

	Variability of device configurations prevents coherent 
description of scenario
Proposed resolution: adopt one real configuration for the scenario to ensure stability in the description, understanding that other scenarios may complicate the case in the future. Choose the best real configuration in order to model a realistic yet desirable state.

Alternate: model in as granular a form as possible. Integrated devices can simply play more than one role.


	CHoang
	Closed 7/22: alternate adopted

	For data elements without steps, what is their connection to the use case? (E.g., vital signs: obviously important, but do they affect the ventilator device interoperability case?)
Resolution: scope beyond devices is determined by documents 5 & 6, below.


	
	Closed 7/22

	Document 6 provides minimal guidance on information capture: confirm protocol requirements with SME community
	
	Open

	How closely do we relate data from interactions to the larger context? E.g., if a clinician checks “CO2” as a method of confirmation in the CPRS Template, is there an automatic relationship to the capnometer reading? A manually defined one?


	
	Open

	Need to confirm method of confirmation: at device or at EHR.

Resolution: at EHR


	
	Closed 7/22

	Confirm assumption that all devices in the room are associated with the patient admitted to the room; no patient identification is necessary.

Resolution: true, as long as we add a ‘barcode’ concept as a precondition. Individual devices requiring barcode patient identification will be assumed to be in the ‘identified’ state.
	
	Closed 7/22

	Use case identifies clinical data requirements, and also identifies procedural data requirements to the extent that the flow implies them. To what extent is this information already modeled in existing specifications? We assume that device-specific elements (model, calibration date) are out of scope; what of method, sample size (e.g., for ekg), and other elements with both device-specific and clinical meaning?
	
	Open

	Is there an ABG monitor in this scenario, or are we getting ABG readings from a lab?
	
	Open

	We need to confirm PIP setting in workflow to support high pressure limit alarm. Currently it’s not specified.
	
	Open

	Confirm O2 saturation observations:

a) SaO2 was specified: I believe this is a broader measure than SpO2 and is taken by a lab co-oximeter, not a pulse oximeter. 

b) “PO2” was also mentioned, which is alveolar partial pressure, which I don’t think is right. Could this be a local idiom for another value? Or was someone saying “PaO2” and I misunderstood?
	
	Open

	Is X-ray taken by any team member, or by a radiology technician?
	
	Open

	Should blood pressure include information apart from systolic and diastolic measures, such as position, method, etc.? Or do we infer that from the device type and clinical circumstances?
	
	Open

	Will the ventilator confirm the connection to the record? To those present, or to the record?
	
	Open 

	Are mode changes written to the patient record?
	
	Open

	Are ventilator settings recorded with the name or identifier for the RT or other clinician who set them?
	
	Open

	Is EtCO2 reported as % or mmHg?
	
	Open 


10. Sources

1. Clinical Scenario drafted by Donna DuLong and Catherine Hoang

2. Meeting with subject matter experts, 13 July 2010
3. Meeting with subject matter experts, 16 July 2010

4. Meeting with subject matter experts, 20 July 2010

5. Endotracheal Intubation Template from National, provided by Warren Rose RRT, Critical Program Leader, Tampa, Florida
6. ACLS protocol document found here
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