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Abstract 

We are developing a new process of health information exchange supported collaboration that leverages the HL7 

consolidated CDA standard through four document types (consultation note, history and physical, progress note and 

discharge summary). The focus of the present study is the C-CDA consultation note template that will be submitted 

from poison control centers (PCC)s to emergency departments (EDs) with treatment recommendations. Specifically, 

we aimed to (i) create computable mappings between a poison control center database and the C-CDA consultation 

note template; and (ii) assess the extent and nature of information types that successfully map to discrete data elements 

in a poison control center database. The resulting template and mappings can be used to implement standards-based 

health information exchange between PCCs and EDs in the U.S. This is a part of the first formal effort to leverage 

health information exchange standards to support PCC-ED collaboration. 

Introduction 

Poison Control Centers (PCCs) are responsible for handling poisoning cases all over the U.S.1. PCCs receive telephone 

calls from both the general public and healthcare facilities2, especially emergency departments (EDs). EDs ask for the 

consultations from PCCs via an iterative telephone call process, that carries a lot of inefficiencies and vulnerabilities 

that may greatly affect patient safety and the provided healthcare quality3. Therefore, electronic health information 

exchange (HIE) between EDs and PCCs is a promising and complementary alternative to the telephone-based 

approach4. The overall goal of our research is to enable standards-based HIE between PCCs and EDs to improve the 

efficiency and quality of care for poisoning cases.  

Most PCCs use information systems that allow PCC staff to record information about and keep track of active 

poisoning cases. Although PCC information systems allow the Specialists in Poisoning Information (SPIs) to capture 

detailed information about poisoning cases, current PCC systems do not support standards-compliant HIE or 

implement document standards, such as the Health Level Seven (HL7) Consolidated Clinical Document Architecture 

(C-CDA) 5. In addition, existing HIE standards provide no specific guidance to support PCC-ED information 

exchange. In previous studies, we developed a model for PCC-ED HIE, including: (i) identification and analysis of 

information types exchanged between PCCs and EDs via telephone calls6; and (ii) mappings between PCC information 

types and C-CDA documents, sufficient to support communication and information requirements in a poisoning care 

episode (i.e., referral request, consultation note, progress report, discharge summary) 5,6.  

The focus of the present study is the C-CDA consultation note that will be transmitted from PCCs to EDs. This 

document contains essential patient information along with poisoning case information and initial treatment 

recommendations. Specifically, we aimed to (i) create computable mappings between data elements in the Utah PCC 

system, an instance of the widely used PCC information system toxiCall®7, and the C-CDA consultation note 

specifications; and (ii) assess the percentage of poisoning communication information types that could be successfully 

mapped to discrete data elements in toxiCall®6,7. The resulting mappings can be used to guide the implementation of 

standards-based HIE for PCCs and EDs across the US. This is a part of the first formal effort to leverage HIE standards 

to support PCC-ED communication process. 

Background and Significance 

PCCs and their information systems. There are 55 PCCs that serve all 50 U.S. states and territories, 24 hours per 

day and 7 days per week1. The PCC staff who consult with the public and ED care providers on poison exposures are 

the SPIs, typically licensed pharmacists or nurses, and medical or clinical toxicologists. The American Association of 

Poison Control Centers (AAPCC) owns and manages the National Poison Data System (NPDS), to which all U.S. 

PCCs regularly upload a set of standard data elements describing human poison exposure cases8. These data are used 

1850



for epidemiology and surveillance.  AAPCC produces an annual report on the aggregate statistics of NPDS data, in 

addition to providing specialized reports to national agencies1,9. A PCC uses one of four specialized information 

systems to support the tasks of data entry, retrieval and data transmission to the NPDS10.  

PCC-ED health information exchange. Although the management of poisoning cases is an information and 

communication intensive process that can benefit from HIE, little has been done to enable HIE between PCCs and 

EDs. Previously, we identified important legal, operational, and clinical considerations in relation to PCC-ED HIE4. 

We also analyzed telephone conversations between poisoning specialists and ED staff to (i) identify inefficiencies and 

vulnerabilities3; and (ii) to identify and analyze the information requirements for ED-PCC collaboration6. In a current 

study funded by the Agency for Healthcare Research and Quality (AHRQ), our goal is “to develop, implement, and 

evaluate a replicable, scalable infrastructure for HIE supported ED–PCC collaboration”11. The project started in 

September 2013 and is expected to complete in September 2018. 

PCC-ED HIE and the C-CDA standard. C-CDA is an HL7 messaging standard that specifies a common structure 

and content for electronic clinical documents, according to document type, e.g., history and physical note vs. discharge 

summary. The ultimate goal of the C-CDA standard is to make a document that is both human and machine readable 

by combining narrative blocks with coded entries12. Extensible Markup Language (XML) is used to represent the 

document content in a structured, computable way. Viewed through a styling sheet (i.e., XSL file), this XML file is 

formatted for human reading, without visible XML markups13. 

Generally, a C-CDA document is divided into two main parts, the document header and the document body. The C-

CDA header contains metadata about the healthcare encounter and information necessary for document housekeeping 

and management. Specifically, the C-CDA header includes patient demographics, document author(s), document 

recipient, document type, patient encounter, and document type. The document body represents the clinically relevant 

information, structured within a set of sections that are specific according to the C-CDA document type.  

The C-CDA standard is an implementation guide that includes specifications for 13 C-CDA document types12. The 

specification provides a library of templates that can be used to support various HIE use cases. The detailed constraints 

on document and section levels are provided within the C-CDA Implementation Guide12. In a previous study, we 

linked our proposed PCC-ED information exchange events to four C-CDA document types; and mapped poisoning 

information types identified in previous work to specific C-CDA sections. The four identified C-CDA document types 

are Consultation, History & Physical, Progress Note and Discharge Summary5. The present study builds on our 

previous work by providing physical mappings between a PCC information system (toxiCall®) and the C-CDA 

Consultation Note document type, which is a necessary step towards the interoperability between PCC and ED 

information systems. 

Methods 

The approach used in this study consisted of three main steps. First, we developed consultation note mockups and 

sample documents containing the required information content, as determined in previous studies5,6. Second, we 

developed a computable mapping between the C-CDA schema (conforming to consultation note constrains) and the 

Utah PCC database, an instance of toxiCall®7. Last, we assessed the percentage and nature of information types that 

successfully mapped from the PCC database to the C-CDA. An overview of the steps and their sequence is depicted 

below (Figure 1) where each step is labelled by a letter and these letters are used in the following paragraphs. 

Mockups and sample document. Mappings between the information types and consultation note sections were 

previously established (Step - A) 5. We elicited preferences for information content and presentation format from 

emergency medicine physicians at our collaborating sites. Based on the mappings and physician preferences, we 

developed two sample mockups using HotGloo prototyping tool (Step - B)14. The mockups were then validated by 

SPIs, ED clinicians and project members to ensure that the content of the consultation note meets their needs. We 

collaborated with these users to make iterative changes to the design, then manually developed a sample consultation 

note XML file, and validated that file according to the C-CDA R2.1 Implementation Guide and its schema (Step - C) 
12. This sample document was valuable as it identified the actual location of data within the document XML structure, 

especially for the document header part that was not represented within the initial mapping5. 
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PCC database and computational mapping. The Utah PCC provided us with access to a copy of their database, an 

instance of toxiCall®, filled with a small set of anonymized patient data. The data were anonymized by replacing all 

patient demographics, SPI related information and identifiers with fictitious information. Then, we identified tables 

that contain the required information for the C-CDA Consultation Note (Step - D); and created mappings between the 

PCC database and C-CDA Release 2.1 XML schema (Step – E)12, with the permission of Computer Automation 

Systems, Inc7. We created the mappings using Altova MapForce® version 2016, which allows mappings between 

different data sources and targets through a graphical user interface15. The mapping process consisted of “dragging 

and dropping” toxiCall® database fields to the corresponding elements and attributes in the C-CDA Release 2.1 XML 

schema. We used custom data transformations to map data from multiple source tables and columns to a single element 

within the XML structure and to represent them in a proper format.  

Once the mapping was completed, we used Altova MapForce® to automatically generate consultation notes for the 

anonymized case records. We validated these instances against the C-CDA schema and the NIST online validation 

toolkit, (Step - F)16.  Also, a human validation was done by the study co-authors and collaborators from the Utah PCC 

and EDs (Step – G). For human validation, we transformed the documents into HTML using the Extensible Stylesheet 

Language (XSL) style sheet provided with the C-CDA R2 Implementation Guide12. Once validated, we used Altova 

MapForce® to automatically generate source code for the mappings in the Java programming language. The Java code 

was then wrapped with a RESTful Web services layer to be integrated with other systems. 

Extent of structural mapping. For comparison with previous efforts, we calculated the percentage of information 

types that successfully mapped to the C-CDA from the Utah PCC database. For this calculation, the information type 

was considered to be present when it was available in a discrete (non-narrative) form within the PCC database, and 

not present otherwise. For data found to be not present, we identified potential alternative sources such as poisoning 

knowledge bases and additional data entry fields to be collected by SPIs. Details on alternative sources are subject for 

a future study. The information content to be used in the C-CDA header was not considered in this analysis as the 

focus was on clinical information requirements represented in the C-CDA body. 

 

Figure 1. Mapping of PCC database fields to CDA R2, in the context of C-CDA consultation note development 
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Results 

Mockups and sample document 

Figure 2 shows a sample mockup of a PCC consultation note for a poisoning exposure due to snake bite. This mock-

up includes additional html formatting within sections, to implement ED user preferences related to information 

presentation. Figure 3 shows the manually developed XML consultation note, rendered in HTML format. The actual 

XML file is available at (https://github.com/alykhalifa/PCC-ED-C-CDA-Consultation-Notes). The header section 

contains metadata such as patient demographics, document author, intended recipient and encounter information (e.g., 

data and time of the call). The body contains 8 sections: (i) reason for referral; (ii) chief complaint; (iii) history of 

present illness; (iv) general status; (v) assessment; (vi) plan of care; (vii) past medical history; and (viii) medications. 

The history of present illness section contains information about the poisoning exposure such as poison information 

and observed symptoms. The assessment section consists of two main parts. The first part contains patient-specific 

information, while the second part contains general information about the poisoning exposure itself, such as its toxic 

dose, common effects and the time to peak concentration. The plan of care section consists of three main parts: (i) 

recommended diagnostic testing and monitoring; (ii) recommended observation time; and (iii) supportive care. The 

other sections contained standard information as defined in the C-CDA standard. The sample XML document was 

successfully validated with no errors using the C- CDA R2.1 schema and the NIST online validation toolkit16.  

 

 

Figure 2. Mockup of a consultation note for a poisoning due to snake bite. 
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Figure 3. Sample C-CDA Consultation Note rendered in HTML format using the XSL style sheet provided with the 

C-CDA R2.1 standard specification. 

PCC database and computational mappings. 

Mappings between the C-CDA standard and the Utah PCC database, an instance of toxiCall®, involved 8 tables and 

over 250 columns in the PCC database. Out of 38 information types needed to create a C-CDA compliant consultation 

note that supports poisoning communication, 21 (55%) successfully mapped to discrete fields within the PCC 

database. Seventeen information types did not successfully map. We defined over 130 constant variables within Altova 

Mapforce® to support required elements and attributes according to the Consultation Note C-CDA R2.1 constraints.  

Table 1 shows the information types that successfully mapped, along with associated data transformations, where “D” 

means retrieval of code label from the code dictionary table, and “MC” means collection of required information from 

multiple columns in the PCC database. Table 2 shows the information types that did not successfully map. A snapshot 

of the auto-generated consultation note is shown on Figure 4. The validation of the generated documents against the 

C-CDA R2 schema and through the NIST online toolkit16 showed no errors or warnings, and was validated by domain 

experts, with only minor, iterative adjustments. The actual mapping file and the generated Java code are available 

upon request, with the permission of Computer Automation Systems, Inc., as they contain some information 

proprietary for toxiCall®7, while the generated sample consultation notes are available at 

(https://github.com/alykhalifa/PCC-ED-C-CDA-Consultation-Notes). 
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Figure 4. Auto generated Consultation Note rendered in HTML format using the XSL style sheet provided with the 

C-CDA R2.1 standard specification. 

One of the challenges faced during the mapping process is that data for a single information type may be present over 

multiple tables and columns. For example, recommended therapies and interventions are scattered over 68 columns, 

where each column represents a single therapy/intervention that may be set to certain numeric values if recommended, 

or left as null otherwise. A user-defined transformation function was developed using Altova MapForce® to identify 

columns with numeric values, parse their column name (i.e., the treatment name), and instantiate a corresponding 

treatment instance in the C-CDA R2.1 format. 

Discussion 

In this study, we mapped a large proportion of the information content necessary to support poisoning communication 

from a PCC database to the HL7 C-CDA consultation note. The mappings are an important step towards enabling 

standards-based HIE between a proprietary system (i.e., toxiCall®) used by most PCCs in the US and various EHRs 

available at emergency departments. These mappings serve two main functions (i) identify existing data sources to 

automatically populate the consultation note, and (ii) identify informational gaps that need alternative input sources 

(e.g., data entry fields and /or a poison knowledge base). The Utah PCC information system (like most) was primarily 

designed to support the public health mission of poison control centers, namely case documentation and collection of 

NPDS data elements for the purpose of surveillance and epidemiology. PCC information systems are not designed for 

interoperability or communication with healthcare facilities. Therefore, much of the information needed by the ED 

clinicians is either orally conveyed through telephone calls and/or documented within a combined narrative field of 

the PCC database.  
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Table 1. Information types that were successfully mapped to the Toxicall® database and their data transformations 

Information Type Description (Transformations if present*) 

Exposure information 

Exposure type 
General description of the poisoning case, e.g., unintentional 

food poisoning (D) 

Certainty of formulation Certainty level of reported poison substance formulation (D) 

Chronicity Exposure duration and repetition of the poisoning incident (D) 

Establishing background/certainty 
More details about the poisoning case such as symptoms, 

routes of exposure and exposure site (D) 

Substance class 
General category of the poisonous substance/product, e.g., 

sedative (D) 

Substance name (generic) Generic name of the poisonous substance/product 

Substance amount 
Quantity and units for the substance amount and concentration 

(D, MC) 

Substance name (brand) Brand name of the poisonous substance/product 

Substance description More details about the poisonous substance 

Substance form, formulation and type 

Physical form of the poisonous substance, e.g., gas and tablet, 

and more details about pharmaceutical nature, e.g., sustained 

release (D) 

Substance–non-pharmacological 
Names and descriptions for non-pharmacological 

substances/products 

Time since ingestion 
Duration since the time of poison exposure till the 

documentation/reporting time 

Subjective and objective information 

Chief complaint/reason for visit 
Explaining what is the patient suffers from and she/he need to 

visit an ED (D) 

Caller reported symptoms 
Symptoms mentioned by the one who reported for a poisoning 

incident over a telephone call (MC) 

Unrelated symptoms 
Symptoms reported and deemed unrelated to the current 

poisoning incident 

PCC recommendations and toxicology information 

PCC recommendations for treatment and 

discharge parameters 

Therapeutic advice on how to handle the poisoning case, in 

terms of therapies, labs and patient monitoring time (MC) 

ED treatment/management information 

Diagnostic test results 
Results of diagnostic test reported to PCC and stored within its 

database (MC) 

Time laboratory test was performed/drawn Reported time of conducting lab tests 

Treatment performed (or recommended by 

the PCC) 

Differentiating between treatments that were recommended, 

performed or both (MC) 

*D, retrieve code label from code dictionary table in PCC database; MC, retrieve values from multiple columns in 

the PCC database 
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Table 2. Information types that were unsuccessfully mapped to the Toxicall® database. 

Information Type Description 

Exposure information 

 Substance information 
Pharmacology and pharmacokinetics information such as time to 

peak concentration and biological pathways 

 Substance identification rationale 
Description of how the SPI identify the poisoning 

substance/product 

Patient health history  

 Medical history 
Patient medical history that may be relevant to the poison 

exposure and treatment 

 Patient medications Current and past medications of the patient 

Subjective and objective information 

 Absence of clinical effects 
Absence of some of the expected symptoms for the poisoning 

incidence  

 Mental status E.g., dizziness, hallucination… 

 Physical exam findings 
Clinical findings reported to the PCC and stored within its 

database 

 Vital signs Times and measures of reported vital signs 

PCC recommendations and toxicology information 

 Toxic dose Toxicity threshold for the poisoning substance/product 

 Toxicity levels 
Toxicity level of the poisoning substance for this specific 

poisoning incidence  

 Clinical effects of substance Expected clinical symptoms for the poisoning substance/product 

 Worst case scenario 
The risks and worst clinical effects that may occur in relation to 

the poisoning incidence 

ED treatment/management information 

 Confirmation that treatment was given 
Indication if PCC recommendation were applied to the patient at 

the ED 

 Patient discharge medications Discharge medications prescribed by the ED clinicians 

 Patient status Patient status at the ED for certain date and time 

 Plan of care Plan of care designed by ED clinicians 

 Time next laboratory tests will be ordered Future laboratory tests timing as specified by ED clinicians 

 

This clinically relevant information includes the expected common effects of the poison, time to peak concentration 

of the poison, more detailed plan of care, history of past illness, and past/current medications taken by the patient. 

Also, some information currently collected by this PCC lacks adequate detail of structure for the C-CDA. For example, 

patient age is stored within the PCC database, but the C-CDA requires date of birth. In anticipation of HIE, the Utah 

PCC has managed to solve these issues via workarounds. For example, date of birth is being collected in a generic 

PCC database field. However, a more standard approach to collecting information essential to HIE processes, such as 

date of birth, is preferred. Furthermore, some of the successfully mapped information types (e.g., clinical effects) may 

need to be presented in a more expressive form in order to be sufficiently meaningful for clinical use. In this case, 

some potential alternative sources (e.g., additional data entry fields and a poison knowledge base) may be used to 

provide this intended level of expressiveness, which is the same approach proposed for handling unsuccessfully 

mapped information types. As a solution, we are currently developing software that enables poison centers to create 

and send CCDAs using both template narrative data and coded data contained in the Utah PCC database. That software 

is currently under development and testing. 

The PCC database consists almost entirely of NPDS data elements, data elements collected by all U.S. PCCs, and all 

of the database fields that successfully mapped to the C-CDA represent NPDS data elements. Given the public health 

oriented nature of PCC data, it is not surprising that many of the information types necessary to support communication 
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and collaboration in the context of a poison exposure cannot be mapped. However, the capability to partially construct 

a C-CDA document using the PCC database greatly lowers the manual effort required for data entry on the part of 

PCC specialists. This would save a lot of the time needed by the SPI to generate the consultation note, and ensure its 

validity and accuracy, directly supporting rapid communication in these emergency situations and improving usability 

for the SPIs. Moreover, since the mappings correspond entirely to NPDS data elements, they may potentially be 

adapted for use by any U.S. poison control center. The Utah PCC database is a local instance of one vendor solution 

for poison control centers, toxiCall®. U.S. PCCs use one of four different information systems. However, all U.S. 

poison control center information systems collect NPDS data elements and support the same essential clinical 

workflow/domain, and so there is some de facto standardization and similarity among different poison control center 

information systems. The AAPCC, the owner of NPDS, specifies the required data elements and has the authority to 

add or modify data elements. However, the purpose of NPDS is to support surveillance and epidemiology, and AAPCC 

hasn’t yet addressed interoperability in support of direct patient care.  

This study has three main strengths that support generalizability of the results. First, we involved the intended users 

of the consultation note during design, development, and validation. Second, we validated the generated consultation 

notes using both human (i.e., intended users) and machine approaches. Third, the PCC database is an instance of 

toxiCall®, a widely used system among U.S. PCCs, and all mappings involved NPDS data elements. All U.S. PCC 

systems are NPDS complaint, so the developed mapping can be implemented or adapted for implementation at most 

PCCs with minor adjustments, providing an important building block for a nationwide PCC-ED HIE. A limitation of 

the mapping is the absence of coded entries in the generated consultation note. We conducted the mapping using the 

CDA level 2 conformance12, which does not specify these coded entries, and therefore limits computation for purposes 

such as clinical decision support and analytics. Nevertheless, the mappings are a critical step towards enabling HIE 

between PCCs and EDs to support the care of patients exposed to poisoning. 

The current telephone-based ED-PCC collaboration process contains safety vulnerabilities and inefficiencies3 and 

there is an evident need for better access to PCC consultation information by other healthcare providers, which is not 

limited to US PCCs17. U.S. PCCs are not alone in facing challenges related to interoperability. An identified top barrier 

for achieving meaningful use stage 3 criteria18,19 among primary care practices is suboptimal HIE capabilities20. Where 

a main challenge for realizing effective HIE is the lagging effort in deploying HIE standards21. This project created 

an important building block to achieving HIE for U.S. PCCs by bridging a gap between PCC data and existing HIE 

standards. Ongoing efforts are now focused on: (i) mapping free-text entries and NPDS codes to standard 

terminologies (e.g., SNOMED-CT, RxNorm); and (ii) integrating the generated mapping as a module within software 

that supports the creation, sending, and receipt of HL7 C-CDA documents.  

Conclusion 

As a step toward standards-based HIE between PCCs and EDs, we mapped fields within a PCC database to 

corresponding fields of the C-CDA consultation note, according to previously defined information requirements. 

Much of the data was readily available in a discrete form within the PCC database, while other data were available 

only as part of a combined narrative field, or not at all. We validated the generated notes for their conformance to the 

C-CDA R2 standard and fulfillment of ED and PCC clinical information needs. The resulting mappings are an 

important step towards national adoption of HIE between PCCs and EDs. Ongoing efforts include integration of the 

mappings as a module within software that supports the creation, sending, and receipt of HL7 C-CDA documents. 

That software, implemented within an HIE framework, will enable HIE between poison control centers and emergency 

departments. 
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