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Overview
Within the IHE Devices (Dev) domain Patient Care Device (PCD) sub-domain there are instances when a reporting system needs to communicate a hyperlink to a consuming or management system.  As there is currently no narrative for this capability in the PCD Technical Framework (PC TF) or the Medical Equipment Management Location Services (MEM LS) Trial Implementation this whitepaper attempts to develop this narrative.

Starting With ACM Applicability
The ACM profile is very effective for an Alert Reporter (AR) actor (sourcing system for alert notifications) to send to an Alert Manager (AM) actor which then produces the alert notification text message and determines the current devices (people) to which alert notifications are to be communicated (physiologic alarms, technical alarms, advisories) which are sent to one or more Alert Communicator (AC) actors for communication to one or more people (clinicians, physicians, clinical engineers, etc.) associated with endpoint communication devices (private pagers, commercial public pagers, PBX phones, Wi-Fi VoIP phones, popup notification solutions on desktops, laptops, tablets, and dedicated displays, and on smart phones on commercial wireless networks).
One way to add value to ACM based alert notification deployments and to more fully utilize an existing inventory of already deployed endpoint communication devices associated with Alert Communicator (AC) actors would be to communicate one or more reference pointers (hyperlinks, URIs, URLs, URNs) to the alert notification recipient (endpoint communication device operator) from which they can select and activate.  
One or more reference pointers conveyed in instances of HL7 v2.x OBX segments could be sourced by the AR and/or AM actor.  The recipient operator on the endpoint communication device could then choose from multiple hyperlinks and activate the desired one.  
The purpose of the endpoint communication device operator activating a reference pointer might be to get more detailed information associated with the alert (full list of observations, lab report, radiological study, radiological results report, etc.).  
The action of the operator on the endpoint communication device activating a reference pointer would be communicated back to the AC actor within the Report Dissemination Status PCD-07 message for communication to the AM actor for communication back to the AR actor in the Report Alert Dissemination Status PCD-05 message to complete the communication path back to the alert source, to close the loop.
This whitepaper is not a replacement for the complete content of the ACM profile, the PCD Technical Framework (TF), or the underlying standards (HL7 v2.x, IEEE 11073, WCTP).  Those are reference and conformance reading materials to understand this whitepaper.
This whitepaper shows how to send out reference pointers for a few use cases such that the concept can be extended to additional use cases and to additional IHE Dev PCD profiles, such as MEM LS.
Hyperlinks in IHE Dev PCD Transactions

In the HL7 V2.x standard the word hyperlink is not often used in describing data items being communicated in message content.  The term that is used is reference pointer as embodied in the Reference Pointer (RP) data type.  As of the current version as of this writing the word hyperlink is not found within the IHE Dev PCD Technical Framework (TF) document of which the ACM profile is a part.  The ACM profile has achieved Final Text status and so was included in the PCD TF.  
Within the PCD TF OBX instances using the RP data type within OBX-5 appears only in reference to PDF documents embedded within the transaction and not reference pointers to transaction external content (hyperlinks to applications or Internet or local network URL references).  
This whitepaper extends that to include communication of one or more hyperlinks per transaction where the information target is not embedded in the transaction message.
Goals

To pass a reasonably, but not fully HTML or JavaScript, capable hyperlink from an IHE profile source actor to the IHE profile actor associated with the endpoint communication device.  This includes passing the hyperlink through intermediate actors to provide them with the ability to capture relevant information for use in closed loop response when the endpoint communication device operator activates a specific hyperlink from the transaction.
It is required to be able to pass the hyperlink presentation in multiple identified languages.  This permits the profile actor immediately associated with the endpoint communication device to present the content in a language appropriate to the endpoint communication device deployed environment.  A source system might be in one language, the intermediate systems in another language, and the endpoint communication device deployed in a user specified language.
Non-Goals

It is not a goal to pass full capability HTML or JavaScript to the endpoint communication device.  If that were the goal it might be more effective to pass an entire HTML or JavaScript include file embedded within the IHE profile transaction.  To do so would blind the intermediate action from specific values associated with the content which are needed for closed loop notification of endpoint communication device operator hyperlink activation response.  Going beyond the basics would get into passing of programming aspects from the hyperlink source actor to the presentation actor.  The source actor would have no awareness of the presentation capabilities of the endpoint communication device (one-way pager, dumb phone, smart phone, tablet, which operating environment, etc.).
Alternative Approaches

Instead of introducing a new parsing approach for label to value using an OBX instance with multiple values in OBX-5 the traditional means of doing this within IHE Dev PCD profiles is to use multiple OBX instances with one instance per value.  The hierarchical containment is implemented in the dot notation value in OBX-4.  The hyperlink could be construed to be at the CHANNEL level of the hierarchy.  The attributes of the hyperlink would be at the next level down child level or METRIC.  As such this would be an alternate approach for which the author of this whitepaper could find appealing.
ACM Alert Single Instance Per Transaction

Per the HL7 V2.x standard Observation Value OBX-5 is repeatable within a single message.  Repeatability varies by profile within the profiles of the IHE Dev PCD sub-domain.  The generic OBX segment table in the PCD TF indicates cardinality of [0..1] for the OBX-5 Observation Value field, meaning zero to one occurrence of value in OBX-5 field.  
The ACM profile is further constraining in that there shall be only one reference pointer per OBX segment instance, although there can be multiple OBX instances each containing a singular reference pointer within a single Report Alert PCD-04 message.

Conveying Fully Specified Hyperlink Using HL7 v2.x
A simply specified hyperlink text string is not a semantically interoperable value as there is no means of indicating which hyperlink instance amongst many is referenced, there is no means of indicating the MIME type, and hyperlink presentation indications for use in the target application HTML Anchor element or application GUI.  
While the hyperlink text string does convey some required values associated activation of a hyperlink (transport, host, port, username, password, folder, compare, and query parameters), there are other values associated with a hyperlink that are conveyed in HTTP protocol message fields outside of the hyperlink text string itself.  These include metadata and MIME data such as object type (application) and object subtype (text for web pages, image for graphics) and any other HTTP associated parameters (username, password) that for security reasons might not be appropriate for inclusion in the possibly open text string of the hyperlink itself (URL).  
Additionally, there are hyperlink presentation attribute values not conveyed in the hyperlink text string and not required by the HTTP protocol.  These are values for semantic interoperability for HL7 v2.x communication and IHE Dev PCD profile specific hyperlink presentation which would not be meaningful for the activated recipient software of the hyperlink.  It would therefore be inappropriate to communicate these values as URL folder levels or URI query parameters as they are acted upon during hyperlink communication and presentation and not during hyperlink activation and execution and would otherwise be required to be parsed out by the hyperlink string using a prearranged syntax.  This could lead to value usage conflicts between the application presenting the hyperlink and the application processing the hyperlink.
AR actor sourced hyperlink instance identification (HTML tag ID and/or name) are not supplied to the application in the endpoint communication device for use in HTML for when multiple hyperlinks are communicated in a single HTML transaction.  Hyperlink instance identifiers are defined in HTML and the application GUI, but are best abstracted to the application in the endpoint communication device and best not forced by a multiple actor distance system such as an ACM AR actor.  
Source information required for security, traceability, and retrospective analysis are not identified in hyperlinks, but are expected for HL7 v2.x semantically interoperable integrations.  
Source provided presentation information is not provided.  While this could be guessed at by the application on the endpoint communication device, a hyperlink by itself does not identify its purpose, and so the application would either be making presumptions or would simply label the links with a default of Link or an ordinal 1, 2, 3… or A, B, C.
And endpoint communication device operator activation selection information to be returned to the source is not provided in the hyperlink text.  As is the case for the classical ACM endpoint communication device operator responses (Accept, Reject, etc.) the ACM AM actor provides the ACM AC actor with a set of choices and response values as Multiple Choice Response (MCR) tuples.  The AM actor would supply the AC actor with analogous values for each of the hyperlinks in the PCD-06 transaction.  The AC signals this value back to the AM actor to know which link was activated and so can communicate this information back the AR actor in the PCD-05 to indicate which hyperlink the operator activated.
Some of the information not located within the text of a hyperlink can be provided with conformant utilization of the HL7 v2.x Reference Pointer (RP) data type.  Unfortunately, the RP data type is unable to convey the rest of the information required for IHE Dev PCD hyperlink semantic integration.  For the additional information a separate OBX instance using the Coded With Exceptions (CWE) data type is required where multiple OBX-5 values are encoded with the identification and value of the rest of the information.
This requires that use cases are likely to require two cross coordinated OBX segment instances per instance hyperlink.  One OBX instance using the RP data type.  And another OBX instance using the CWE data type.  As there can be multiple hyperlinks communicated in a single transaction the hyperlink instance and OBX segment instance cross linking needs to be specified so that receiving applications can associate the two OBX instances per instance hyperlink.
Applicability to MEM LS
While this effort was initially focused on the IHE PCD Alert Communication Management (ACM) profile the capability of communicating hyperlinks was determined to be of sufficiently broad need that the draft whitepaper was widened to support more IHE Dev PCD profiles than only ACM.  In particular the first profile to have the need for this capability beyond ACM was the Medical Equipment Management (MEM) Location Services (LS) profile so as to be able to communicate a hyperlink to a moving location mapping application or web site.  
The MEM LS profile does not include a closed loop response transaction akin to the PCD-05 transaction of the ACM profile.  Thus the activation response parameter is optional.
Applicability to Other IHE HL7 v2.x based profiles

Within other IHE Domains, Laboratory and Radiology for example, it would likely be advantageous to communicate reference pointers (hyperlinks) to operator interfaces.  It is hoped this whitepaper would be reviewed and commented on back to the IHE Dev PCD sub-domain, and to the ACM and MEM WGs.
Purposes of Data

Not all of the communicated information is meant for or would be meaningful to the user application interface of the endpoint communication device.  Some communicated information is meant for the consuming actor (ACM AM, MEM LS LOC).  Some communicated information is meant for the presenting actor (ACM AC, MEM LS LOC).  Some communicated information is meant for the application on the endpoint communication device.  Some communicated information is meant to be passed back to the source actor (ACM AR).
The following table identifies the communicated information, the communication path across actors, the information target, and the purpose of the information.
	Information
	Path
	Target
	Purpose

	actionURI
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR to LOC [PCD-16]
	Application UI of endpoint communication device
	href value of HTML Anchor tag

	actionURIPurpose
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR to LOC [PCD-16]
	Application UI of endpoint communication device
	When hyperlink is activated this is the value sent in ACM PCD-07 back to ACM AM actor to send back to ACM AR actor in PCD-05 (not visible to operator of endpoint communication device)

No equivalent in MEM LS

	RP_SET_ID
	ACM AM [PCD-04]
MEM LS LOR [PCD-16]
	ACM AM
MEM LS LOC
	set ID OBX instance containing RP

	RP_INSTANCE_ID
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR [PCD-16]
	ACM AM, AC or 
MEM LS LOC

Application UI of endpoint communication device
	Hyperlink instance identifier

	RP_PRESENTATION
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR [PCD-16]
	Application UI of endpoint communication device
	Link text value of HTML Anchor tag

	RP_ASSISTANCE
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR [PCD-16]
	Application UI of endpoint communication device
	Title value of HTML Anchor tag (tooltip, balloon help)

	RP_LABEL
	ACM AM [PCD-04] to AC [PCD-06]
MEM LS LOR [PCD-16]
	Application UI of endpoint communication device
	XML inner element of HTML Label tag associated with Anchor, for value of HTML Label tag is determined by application on endpoint communication device


RP OBX Instance Communicates Subset of What is Required
When the AR actor includes only one reference pointer (hyperlink) in the ACM Report Alert [PCD-04] or  MEM LS Report Location Observation [PCD-16] transaction, without any metadata or MIME encoding (defaulting to application/text, meaning web page), without any presentation information, and without any activation response information then an OBX instance using the RP data type might be considered sufficient, but would be a very anemic design, not offering semantic interoperability through the ACM AM actor to the ACM AC actor to the application on the endpoint communication device or from the MEM LS LOR actor to the MEM LS LOC actor.
Thus the RP data type OBX instance is used to communicate only the following information


actionURI

value of href of Anchor HTML tag 

actionURIPurpose
value to be sent from AC back to AM when link is activated
CWE OBX Instance Communicates the Rest of the Required Information
The remaining information is communicated using a second OBX instance using the CWE data type with multiple key-value tuples in the OBX-5 field.  The tuple identifiers are…

RP_SET_ID


HL7 v2.x Set ID of OBX instance containing RP data

RP_INSTANCE_ID

unique identifier of instance hyperlink in transaction
RP_PRESENTATION

Link text of HTML Anchor tag
RP_ASSISTANCE

Title of HTML Anchor tag (tooltip, balloon help)

RP_LABEL


XML inner element of HTML Label tag associated with Anchor
Therefore two OBX instances shall be required per hyperlink instance within a PCD-04 transaction.  One of RP data type and one of CWE data type and they shall be cross linked by OBX instance Set ID, and they shall contain a unique instance identifier.
For simpler implementations when values for the following are not provided the application on the endpoint communication device is free to choose the presented value.

RP_PRESENTATION


RP_ASSISTANCE


RP_LABEL
Multiple Hyperlinks Per Transaction
The RP indication would appear in the OBX instance Value Type OBX-2 field.  This is a more generic means of identifying a reference to a web page or application produced report containing notification associated evidentiary data.  This is for the use case of wanting to more fully explore the ancillary or evidentiary data associated with an alert.  The OBX instance conveys the reference pointer (hyperlink) to the additional or more detailed information.  There can be more than one OBX instance that contains a separate and unique reference pointer.
In simple use cases a single reference pointer (hyperlink) per transaction is likely sufficient.  However, there are use cases where more than one reference pointer (hyperlink) per transaction is likely required.  Each instance reference pointer (hyperlink) needs to be uniquely identified within the scope of the transaction.  
Each hyperlink requires two interlinked OBX instances (RP, CWE).  The individual OBX tuple associated with an instance hyperlink shall be associated or cross linked.  The value itself is not that important, just so long as it crosslinks the OBX instances and is unique to each hyperlink instance within a transaction. The OBX instance cross linking value can be the OBX instance Set ID string.  The hyperlink instance unique identifier can be any string so long as it is unique within the transaction.  It can even be the OBX instance Set ID of the OBX instance that conveys the RP data type.  This value would be internal between the producing and consuming actors (ACM AR and AM, MEM LS LOR and LOC) and would not be the same as values associated with presentation and closed loop activation response.

Hyperlink Mapping Table for ACM [PCD-04] and MEM LS [PCD-16] Transactions
The following table maps hyperlink associated values with HTTP transport and HL7 v2x transport locations for the ACM [PCD-04] and MEM LS [PCD-16] transactions.
The nomenclature identifiers and values (REFID, MDC) are to be determined.  A zero for the MDC value and MDCX prefix for the REFID is the traditional means of prototyping nomenclature for testing or proof of concept demonstration purposes.  OPER is simply a reference to the class of data to be associated with hyperlinks that go beyond the ACM profile and meant to support all IHE Dev PCD profiles.  The actual value to replace this is to be determined.
	IHE Dev PCD ACM or MEM LS Parameter
	HTTP Parameter
	Hyperlink OBX Tuple Data Type
	HL7 v2.x OBX segment field
	Field value

	-
	-
	Link (RP)
	OBX-3 Observation Identifier
	0^MDCX_ATTR_OPER_REF_PTR^MDC

	-
	-
	“
	OBX-4 Observation Sub-ID
	IHE Dev PCD TF specified dot notation indicating mds.vmd.chan.metric.facet

	actionURI (hyperlink at endpoint communication device)
actionURIPurpose (what comes bac in PCD-07 and PCD-05 when endpoint communication device operator activates hyperlink
	URL
MIME type

MIME subtype
	“
	OBX-5 Observation Value
	Pointer = actionURI aka the URL value^
Application ID^
Namespace ID = URI&
Universal ID actionURIPurpose&
Universal ID Type URL
Type of Data = application^
Sub-type = text
With suggested Universal ID (actionURIPurpose) values of 
alert – to request ACM AM alert details
details – to request ACM AR alert details
order – to request order details
results – to request order results

	
	
	“
	OBX-6 Units

OBX-7 References Range

OBX-8 Abnormal Flags

OBX-10 Nature of Abnormal Test
	empty

	
	
	
	OBX-11 Observation Result Status
	F

	
	
	Parameters (CWE)
	Observation Identifier OBX-3
	0^MDCX_ATTR_OPER_REF_ATTRS^MDC

	
	
	“
	Observation Sub-ID OBX-4
	IHE Dev PCD TF specified dot notation indicating mds.vmd.chan.metric.facet

	
	
	
	OBX-5 Observation Value
	Multiple occurrences, expanded beyond PCD TF OBX-5 [0..1] constraint, either that or define MDC/REFID values for each of the following
RP_SET_ID^set ID OBX instance containing RP^L
RP_INSTANCE_ID^string^L

RP_PRESENTATION^string[&language]^L
RP_ASSISTANCE^string[&language]^L
RP_LABEL^string[&language]^L
By default, the hyperlink presentation language is the same as that of the HL7 V2.x message.  If multiple languages are communicated the RP_PRESENTATION, RP_ASSISTANCE, and RP_LABEL, identifiers, values, and language indications are repeated

	
	
	“
	OBX-6 Units

OBX-7 References Range

OBX-8 Abnormal Flags

OBX-10 Nature of Abnormal Test
	empty

	
	
	
	OBX-11 Observation Result Status
	F


OBX RP Instance

The reference pointer (hyperlink, URL) would appear in instances of the Observation Result (OBX) segment for each reference pointer to be communicated.  The reference pointer would be the value in OBX-5 Observation Value.  The reference pointer (hyperlink, URL) would not be simply the URL as a string (ST) value in OBX-5.  It would be encapsulated using the rules of the RP data type.  This is for semantic interoperability so that the receiving application can detect the definition of the value for what it is.

The Observation Identifier OBX-3 field shall be 0^MDCX_ATTR_OPER_REF_PTR^MDC, at least until an official MDC and REFID are allocated. The purpose of the individual reference pointer (hyperlink, URL) is contained within the components and sub-components of the RP data type and thus a separate MDC and REFID are not required for each new and unique purpose of the alert associated reference pointer. [could find an appropriate existing MDC and REFID in RTMMS, this would be a new to be requested IEEE 11073-10101 MDC and REFID]
The Observation Sub-ID OBX-4 field shall be as per the PCD TF required dot notation indicating the source of the reference pointer within the VMD.

The Observation Value OBX-5 field would contain the reference pointer (hyperlink, URL) formatted in accordance with the RP data type and this whitepaper.  The hyperlink can provide access to a document type (PDF report, not embedded in message), to an application to be launched with data reference information, or a web browser link to an application server that provide that information for the browser to preset. The component and sub-component values of the RP data type are sufficiently flexible in this regard.
NOTE:  The RP data type contains multiple components, e.g. it is not just the URL string.
	SEQ
	LEN
	DT
	OPT
	TBL #
	COMPONENT NAME
	SEC.REF

	1
	999
	ST
	O
	
	Pointer
	2.A.74

	2
	1027
	HD
	O
	
	Application ID
	2.A.33

	3
	11
	ID
	O
	0834
	Type of Data
	2.A.35

	4
	32
	ID
	O
	0291
	Subtype
	2.A.35


Remember HL7 V2.x is a text based communication protocol and to appropriately encode the hyperlink (UUEncode, yEnc).  The HL7 message text is not a web page (HTML) so multi-part MIME encoding of the reference pointer itself is less likely.  The encoding requirement is to avoid conflicts with hyperlink delimiters (/, &, ^, ~) and HL7 V2.x text delimiters that are the same character.
In the case of encapsulated (embedded within message) PDF documents the PCD TF already contains conformance text regarding the value to be in the OBX-5 field.  Note that for documents (PDF) embedded within the message the data type is ED (Encapsulated Data) and not RP (Reference Pointer).
The Pointer component of the reference pointer data type is the hyperlink (URI or URL) itself, including any transport prefix (http://, https://), port (:n), and any (URI or URL) query parameters.  The inclusion of authentication values (user@password) is discouraged as this is open text communication of security credentials.  The Pointer component gets mapped by the ACM AM actor into the actionURI ACM profile specific extension to the WCTP submitRequest transaction of the Disseminate Alert PCD-06 message the AM actor sends to the AC actor.  In the case of the MEM LS profile this is between the LOR and LOC actors.  This is so that the profile sending actor can pass the hyperlink over implementation specific protocol to the endpoint communication device for presenting as a hyperlink control in the application Graphical User Interface (GUI).
The Type of Data component of the reference pointer data type shall be the constant string application to indicate the reference pointer is meant to launch and application (be it a URL meant to be processed by a web browser application, or a URL meant to launch an application installed on the endpoint communication device
The Subtype component of the reference pointer data type is from the multipart MIME types from IETF RFC 0246.  The constant text shall be used for web page response to HTML processing or it shall be image for presentation of a graphical image.
The following OBX segment fields shall be empty in reference pointer OBX instances.
OBX-6 Units
OBX-7 References Range
OBX-8 Abnormal Flags
OBX-10 Nature of Abnormal Test
Observation Result Status OBX-11 of the OBX instance for reference pointers shall be indicated as final F as there is no clinical review needed to ascertain or correct the observation value in OBX-5.  If there is an error in the communication or activation of the reference pointer there is nothing the clinician can do about it and so would report the issue to their IT or CE staff representative.

Identifying the Source Hyperlink for Closed Loop Response
In the case of ACM, when the AR actor includes only one reference pointer (hyperlink) in the Report Alert [PCD-04] transaction it is obvious when the activation of the reference pointer occurs to report through the AC, AM, AR communication chain as to which reference pointer was activated as it was the only one communicated.  While functionally distinct it disallows expansion and thus an action URI purpose shall be included with each reference pointer (hyperlink, URL).
When there are multiple reference pointers (hyperlinks) in the source transaction (ACM [PCD-04] or MEM LS [PCD-16]) there needs to be additional information communicated in the RP data type to indicate which reference pointer is which for communication back when the operator activates a selected reference pointer.
This is similar to the multi-choice response (MCR) mechanism within the DTD of the WCTP protocol as used by the ACM profile.
This is accomplished using the additional components and sub-components of the RP data type. 
The Application ID component of the RP data type is an HL7 V2.x Hierarchic Designator (HD) data type and so is more than a simple string.  It includes sub-components for identifying the identification of the application and the namespace or source of truth for that identifying value.
	SEQ
	LEN
	DT
	OPT
	TBL #
	COMPONENT NAME
	SEC.REF

	1
	20
	IS
	O
	0300
	Namespace ID
	2.A.36

	2
	999
	ST
	C
	
	Universal ID
	2.A.74

	3
	6
	ID
	C
	0301
	Universal ID Type
	2.A.35


The Namespace ID sub-component of the Application ID component of the reference pointer shall contain the constant value URI.  The value is supposed to be as per HL7 Table 0300 which is empty, meaning no suggested values defined.
The Universal ID sub-component of the Application ID component of the reference pointer contains the purpose identifier string for the hyperlink.  This is a value originated by the source actor (ACM AR or MEM LS LOR) and sent in the transaction to the endpoint communication device.  With Universal ID being a string of maximum length 999 there is considerable flexibility in value assignment.
For the ACM profile it is the Disseminate Alert [PCD-06] to the ACM AC actor as the ACM specific WCTP extension actionURIPurpose such that it is recognized by the ACM AR actor when the hyperlink is activated and the value is sent back in the [PCD-07[ transaction to populate the ACM [PCD-05] transaction so that the ACM AR knows the specific reference pointer that was activated by the endpoint communication device operator.  
For the MEM LS profile there is no profile equivalent actor abstracted to the endpoint communication device, therefore this value is between the MEM LS LOR and LOC actors via the [PCD-16] transaction.
When multiple reference pointers (hyperlinks) are included in a single alert message this value shall be unique pr reference pointer within the transaction.  This value can change from one transaction to the next.  This value can be reused for different purposes by different sourcing actor implementations.  When originated by the ACM AR actor the value is meant to be a requestor provided value to be returned to the requestor upon activation of the reference pointer (hyperlink) and the value has no meaning to systems other than the ACM AR vendor actor implementation that originated it.  
When originated by the ACM AM actor it is meant to be a reference to alert details as provided by the ACM AM actor or as a link to a waveform graphic as synthesized by the ACM AM actor from evidentiary data provided by the AR actor as a WCM module included in the Report Alert PCD-04 message.  
The reference pointer purpose value is very likely to be used by the ACM AC actor as the hyperlink presentation text for the hyperlink activation control in the Graphical User interface (GUI).  As such it is highly recommended that the value be something short, not contain special characters, and readably recognizable as to its intention.  Here is a table of alerts, reference pointer (hyperlink) purposes, and recommended example Universal ID values.
	Alert
	Reference Pointer Purpose
	Recommended value

	Any alert
	Examine AM sourced alert details
	alert

	Any alert
	Examine AR sourced alert details
	details

	Lab or study requested or infusion related alert
	Examine order
	order

	Laboratory results available
	Examine lab report
	results

	Radiological study available
	Examine study
	study

	Radiological study results available
	Examine report
	report


The Universal ID Type sub-component of the Application ID component of the reference pointer shall contain the constant string URI (Uniform Resource Identifier) to indicate that the reference pointer is a URL (Uniform Resource Locator).
For the ACM profile the AM ator maps URI purpose value to the actionURIPurpose of the Disseminate Alert PCD-06 submitRequest WCTP transaction.  This value identifies the specific reference pointer (hyperlink, URL) among any list of reference pointers in OBX instances of the ACM Report Alert [PCD-04] message.  This is sent back from the ACM AC to the AM to the AR to indicate which reference pointer (hyperlink) was activated by the endpoint communication device operator.

ACM WCTP DTD Updates Required
The ACM profile is behind in its updating of the ACM extended WCTP DTDs.  Although the WCTP XML element tags for actionURI and actionURIPurpose appear in Appendix K of the PCD TF they are not in the currently released versions of the ACM Extended WCTP DTD files.  The hyperlink associated parameters added by this whitepaper will also need to be added to the ACM profile within the PCD TF and to the ACM extended WCTP DTDs.  The following are suggested XML element tags for the new parameters.  Case of parameter identification string for WCTP XML is different from HL7 v2.x.
	PCD-04 HL7 value
	PCD-06 WCTP XML element tag
	Description

	---
	wctp-IHEPCDRP
	XML element group for each reference pointer, can repeat

	RP_SET_ID
	rpSetID
	HL7 v2.x Set ID of OBX instance containing RP data

	RP_INSTANCE_ID
	rpInstanceID
	unique identifier of instance hyperlink in transaction

	RP_PRESENTATION
	rpPresentation
	Link text of HTML Anchor tag

	RP_ASSISTANCE
	rpAssistance
	Title of HTML Anchor tag (tooltip, balloon help)

	RP_LABEL
	rpLabel
	XML inner element of HTML Label tag associated with Anchor


Only after such updates have gone through the defined process can a CP to the ACM profile of the IHE Dev PCD Technical Framework take place.  In the interim the names are subject to change in the CP.
Mapping Onto HTML
It would seem inappropriate for IHE whitepaper content to prescribe the sole manner in which IHE profile transaction content is to be used by vendors implementing applications.  The choice as to whether hyperlinks are to presented on endpoint communication devices in HTML or in the Graphical User Interface (GUI) of an application should be left to the implementing vendor.  
Going with HTML would not presume the prerequisite installation and maintenance of a proprietary application, other than a browser, and might better allow for common presentation across hyperlink sourcing systems.  To the detriment of shared commonality it is somewhat more common these days for vendors to go with proprietary applications on endpoint communication devices (mobile phones and tablets).  The GUI implementation Application Programming Interfaces (APIs) varies by platform operating environments and application implementation programming languages.  As a common means of mapping HTML will be utilized.

In HTML a hyperlink is referred to as an Anchor and the element tag name is A (for anchor).  Anchor attributes include…

HREF which is the URI value from the Reference Pointer (RP) HL7 v2x data type

TITLE which is the text for the hover help, balloon help, or tool tip, select from one of the possibly multiple languages of text from the RP_ASSISTANCE values from the OBX segment OBX-5 Observation Values.
There are several other Anchor element specific attributes in HTML (TARGET, REL, DOWNLOAD, MEDIA, PING, etc.) as well as additional global attributes (CLASS, CONTENTEDITABLE, DRAGGABLE, HIDDEN, STYLE, TABINDEX, etc.).  The goal is to pass a reasonably usable hyperlink, not an HTML or JavsScript include file.  These additional attributes would be of implementation proprietary use and so are not passed in IHE profile transaction hyperlinks and so are ignored for this whitepaper

Including an image (HTML IMG element tag) within the presentation text of the hyperlink is going to be implementation specific and if done so in IHE PCD hyperlinks would increase the infrastructure burden and so is ignored for this whitepaper. For the same reason, passing the hyperlink as a button where the button can be passed a traphical representation would increase the infrastructure burden.  Additionally, the hyperlink sourcing actor would not have awareness of the graphical presentation capabilities of the endpoint communication device.

<A HREF=”[OBX RP URI, WCTP actionURI]” NAME=”[OBX RP URI]” TITLE=”[OBX CWE RP_ASSISTANCE]” ID=”application defined anchor reference ID”>[OBX CWE RP_PRESENTATION, WCTP actionURIPurpose]</A>

<LABEL FOR=”application defined anchor reference”>[OBX CWE RP_LABEL]</LABEL>
Examples:
Examples include only the hyperlink associated OBX segment instances associated with reference pointers (hyperlinks, URLs) for use in ACM Report Alert [PCD-04] or MEM LS Report Location Observation [PCD-16] messages
OBX instances for a single hyperlink in an ACM [PCD-04] Report Alert transaction
The presentation language is explicitly indicated
OBX|5|RP|0^MDCX_ATTR_OPER_REF_PTR^MDC|1.1.1.1|http://www.google.com^URI~ search~URI^application^text||||||F
OBX|6|CWE|0^MDCX_ATTR_OPER_REF_PRT_ATTR^MDC|RP_SET_ID^5^L~RP_INSTANCE_ID^search^L~RP_PRESENTATION^Search&EN^L~RP_ASSISTANCE^Click to search&EN^L~RP_LABEL^Should you need to search click on Search&EN^L||||||F
OBX instances for a single hyperlink in an ACM [PCD-04] Report Alert transaction
Multiple presentation languages are indicated

OBX|5|RP|0^MDCX_ATTR_OPER_REF_PTR^MDC|1.1.1.1|http://www.google.com^URI~ search~URI^application^text||||||F

OBX|6|CWE|0^MDCX_ATTR_OPER_REF_PRT_ATTR^MDC|RP_SET_ID^5^L

RP_INSTANCE_ID^search^L~RP_PRESENTATION^Search&EN^L~RP_PRESENTATION^Chercher &FR^L~RP_ASSISTANCE^Click to search&EN^L~RP_ASSISTANCE^Cliquez pour rechercher &FR^L ~RP_LABEL^Should you need to search click on Search&EN^L~RP_LABEL^Si vous avez besoin de rechercher, cliquez sur Rechercher&EN^L||||||F
OBX instances for two hyperlinks in an ACM [PCD-04] Report Alert transaction
The presentation language is the same as the primary language of the HL7 v2.x message

OBX|5|RP|0^MDCX_ATTR_OPER_REF_PTR^MDC|1.1.1.1|http://example.sourcedevice.local^URI~ alert~URI^application^text||||||F

OBX|6|CWE|0^MDCX_ATTR_OPER_REF_PRT_ATTR^MDC|RP_SET_ID^5^L~RP_INSTANCE_ID^alert^L~RP_PRESENTATION^Alert details^L~RP_ASSISTANCE^Click for alert details^L~RP_LABEL^Should you need details regarding the alert^L||||||F

OBX|7|RP|0^MDCX_ATTR_OPER_REF_PTR^MDC|1.1.1.1|http://example.sourcedevice.local^URI~ association~URI^application^text||||||F

OBX|8|CWE|0^MDCX_ATTR_OPER_REF_PRT_ATTR^MDC|RP_SET_ID^7^L~RP_INSTANCE_ID^association^L~RP_PRESENTATION^Association Details^L~RP_ASSISTANCE^Click for patient-device association details^L~RP_LABEL^Should you need information about the patient-device association^L||||||F
Hyperlink Mapping Table for ACM [PCD-05] Report Alert Status Transaction
When the Report Alert Dissemination Status [PCD-05] message is received by the AR actor that actor needs to unambiguously identify which of the possible reference pointers (hyperlinks, URLs) the endpoint communication device operator activated.  In the MEM LS profile there is no closed loop transaction equivalent to the ACM [PCD-05].
The following table maps hyperlink associated values with HTTP transport and HL7 v2x transport locations for the ACM [PCD-04] Report Alert transaction.

	IHE Dev PCD ACM Parameter
	HTTP Parameter
	Hyperlink OBX Tuple Data Type
	HL7 v2.x OBX segment field
	Field value

	-
	-
	Link (RP)
	OBX-3 Observation Identifier
	0^MDCX_ATTR_OPER_REF_PTR^MDC

	-
	-
	“
	OBX-4 Observation Sub-ID
	IHE Dev PCD TF specified dot notation indicating mds.vmd.chan.metric.facet

	actionURI

actionURIPurpose
	URL

MIME type

MIME subtype
	“
	OBX-5 Observation Value
	Pointer = actionURI aka the URL value^

Application ID^

Namespace ID = URI&

Universal ID actionURIPurpose&

Universal ID Type URI
Type of Data = application^

Sub-type = text

	
	
	“
	OBX-6 Units

OBX-7 References Range

OBX-8 Abnormal Flags

OBX-10 Nature of Abnormal Test
	empty

	
	
	
	OBX-11 Observation Result Status
	F

	
	
	Parameters (CWE)
	Observation Identifier OBX-3
	0^MDCX_ATTR_OPER_REF_ATTRS^MDC

	
	
	“
	Observation Sub-ID OBX-4
	IHE Dev PCD TF specified dot notation indicating mds.vmd.chan.metric.facet

	
	
	
	OBX-5 Observation Value
	

	
	
	“
	OBX-6 Units

OBX-7 References Range

OBX-8 Abnormal Flags

OBX-10 Nature of Abnormal Test
	empty

	
	
	
	OBX-11 Observation Result Status
	F


The actionURIPurpose.  This value shall appear in PRT-3-2-1 Text of the Participate (PRT) segment of the Report Alert Dissemination Status PCD-05 message, just as would any other endpoint communication device operator initiate response, e.g. accept, reject, etc.
As the reference pointer (hyperlink, URL) value itself was originated by the AR or AM actor it is not necessary to pass this value back to that same actor in the [PCD-05] transaction.
Fallbacks

In simple use cases a single hyperlink per transaction is likely sufficient.  However, there are use cases where more than one hyperlink per transaction is likely required.  Each instance hyperlink needs to be uniquely identified.  As each hyperlink shall include two OBX instances (RP, CWE) the individual OBX tuple associated with an instance hyperlink needs to be associated or cross linked.  The value itself is not that important, just so long as it crosslinks the OBX instances and is unique to each hyperlink instance. The OBX instance cross linking string can be the OBX instance Set ID.  The hyperlink instance unique identifier can be any string so long as it is unique within the transaction.  It can even be the OBX instance Set ID of the OBX instance that conveys the RP data type.  This value would be internal between the producing and consuming actors (ACM AR and AM, MEM LS LOR and LOC) and would not be the same as values associated with presentation and closed loop activation response.
Effectivity
The ACM and MEM LS profiles do not limit the creativity of vendor actor implementers to come up with new use cases in which reference pointer(s) (hyperlinks, URI, URL) would be usable in transactions.
For the ACM profile alert notification deployment is limited by the level of technical sophistication of endpoint communication devices.  An ACM AC actor would be unable to communicate hyperlink(s) to a limited display or limited operator interaction endpoint communication device (one-way pager, 1.5-way pager, a not so smart phone that it doesn’t include a conformant browser, early BREW, or is unable to support expected apps).  Hyperlink sourcing actors (ACM AR and AM, MEM LS LOR) would be unaware of endpoint communication device communication capabilities as they are abstracted from them.  Therefore all reference pointers present in the source transaction (ACM [PCD-04], MEM LS [PCD-16]) shall be passed to the destination actor (ACM AC, MEM LS LOC).
Avoiding Prerequisite Configuration of Large Populations of Endpoint Communication Devices

If the hyperlink content expects a specific (proprietary) app to have been previously installed on the endpoint communication device and that app has not been installed it is likely to result in an application error appearing on the endpoint communication device which will likely be exposed to the device operator which will likely have a negative effect on their ability to execute their required tasks.  
Staying ahead of this increasing requirement for numerous and new proprietary apps and sustaining their ongoing revisions results in an increased burden on the IT staff or the clinical device operators themselves to install and sustain such apps.  If there are many apps to be installed on the device before it can be operationally utilized then this becomes a burden and time cost barrier to deployment of new and/or replacement endpoint communication devices.
If the hyperlink is targeted for the default web browser of the endpoint communication device and not activation of an additional app that must be loaded then the activation of the hyperlink should theoretically not require additional apps to be installed on contemporary browser capable endpoint communication device (HTML 4.2, HTML 5).  That is unless the web content utilizes object types that require specific processing to be downloaded from the web server in order to process the page (DHTML or HTML 5 objects).  
If such object type processing is not cached by the endpoint communication device this can lead to hyperlink activation delays with both the initial and each subsequent reference to that hyperlink.  If the downloaded objects are megabyte sized scripting or object libraries this can collectively become a new, potentially unanticipated, load to the network infrastructure and a nontrivial delay in endpoint communication device operator interactions required to be effective in patient healthcare.  
While counter to public Internet web page design approaches, a more optimal approach would be to put more of the object processing burden on the web server and less on the web client such that the client browser is expected to predominately process the basics, text, display of graphics, and page linking via activation controls (buttons, hyperlinks).
No Need to Wait on Profile Updates
With the exception of the operator reference pointer and its attributes as updates to the ACM extended WCTP DTDs there is nothing in the ACM and MEM LS profiles, the PCD Technical Framework, the HL7 2.6+ standard, or IEEE 11073-10101 nomenclature that isn’t ready to support reference pointers (hyperlinks, URLs, URIs) in ACM Report Alert [PCD-04] transactions and MEM LS Report Location Observation [PCD-16] transactions.
Give it a try.  If something has been missed please comment to the ACM or MEM WGs within the IHE Dev PCD sub-domain.  If there is a significant gap then a Change Proposal (CP) can be authored and balloted and if approved integrated the update to the PCD Technical Framework (TF) in the follow-on cycle.
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