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About me
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Staff Software Engineer @ CI&T

- C, C#, Java, Kotlin, Go, Python
- Oracle Certified Associate
- Google Professional Cloud Architect

- E-commerce
- Mobile Applications / Backend
- System Integrations
- Digital Surgery / Medical Devices

www.zamariola.com.br

http://www.zamariola.com.br
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What is digital surgery
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https://digitalsurgery.com/2019/05/21/digital-surgery-seeds-in-fertile-soil/
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What is digital surgery
“The arrival of accurate and actionable data can facilitate the realization 
of value-based care in surgery, allowing for a better understanding of 
the patterns of care delivery against the patterns of costs and outcomes”

“Robots will become smaller [...] Without a doubt, these advancements 
will make robotic surgery relevant to a wider range of procedures. 
However, it is only at the intersection of AI and data that robotic surgery 
can truly address the elephant in the room: surgical variation. 
Surgery, although a technically-demanding profession, is largely 
dependent on the decision-making capabilities of the surgeon.”
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https://digitalsurgery.com/2019/05/21/digital-surgery-seeds-in-fertile-soil/ 

https://digitalsurgery.com/2019/05/21/digital-surgery-seeds-in-fertile-soil/
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Input Process Use
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The average age of all fixed assets in the U.S. — including hospitals and medical devices — hit 22.8 years 
in 2015, the oldest number reported since 1925, according to figures from the U.S. Bureau of Economic 
Analysis.

This rise in the fixed asset age index stems from the unwillingness, or incapability, of companies and 
governments to spend money on updated equipment, facilities and products, reports Bloomberg.

Here are three things to know.

1. In the past two years, the average age of medical equipment and tools reached 4.7 years — 
the oldest since 1945.

2. Healthcare facility structures demonstrated an average age of 20.7 years, the highest figure since 
1949, according to the report.

3. The BEA pinpointed industrial equipment to be 10 years old, on average. In 2010 and 2011, the 
equipment was an average of 10.2 years old, the oldest age recorded since 1939.

https://www.beckershospitalreview.com/supply-chain/medical-equipment-hits-oldest-average-age-since-19
45.html 

http://www.bloomberg.com/news/articles/2016-10-06/america-is-aging-in-more-ways-than-one
https://www.beckershospitalreview.com/supply-chain/medical-equipment-hits-oldest-average-age-since-1945.html
https://www.beckershospitalreview.com/supply-chain/medical-equipment-hits-oldest-average-age-since-1945.html
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Web 22y ago
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Protocols
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HL7 / ADT Message - 1970s
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HL7 / FHIR - 1987
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DICOM - 1990
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DICOM - 1990
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And everything else...
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Traditional approach (map-reduce)
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EHR - HIPAA - GDPR - CCPA - “PMB” approach
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Why Go?
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- Embedded dependencies
- Single binary -> target platform
- Low resource usage - > Doctor’s computer / nfs
- Networking std library -> net.ListenTCP()
- Binary manipulation
- Speed ->  DICOM file up to GBs / monitoring: each device with 

messages every half second
- Easy to learn and to code -> build tools/ test tools 
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Talk is Cheap! Show me the code!
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The challenge

19

MSH|^~\&|||||20120731102052||ADT^A04|20731172052000155374|P|2.2|18

EVN|A04|20120731102052|||dtrn1

PID|||000913545||UPDATEDISCHN^OPTWO^R||19410115|M|||

888 2ND AVE^^LOSANGELES^CA^90045||(310)564-6546|||M|AT|155374|949-84-9494

PV1||O|OQA|3|20||890|||MED||||1|||890|O||||||||||||||||||||||||||20101028|05

00

PV2|||PAIN|||||20101028

GT1|UPDATEDISCHN^OPTWO^||||888 2ND AVE^^LOS 

ANGELES^CA^90045|(310)564-6546|||||S |949-84-9494|||||||

IN1|1|MO|||MEDICARE A B|MEDICARE A B|MUTUAL OF OMAHA^BOX 1602-MEDICARE 

DEPT^OMAHA^NEBRASKA^92668|429785381|(402)9785381||||||||^^||MO||||||0.00|0||

||101028|dtr|||||||1|1||""||""||||Y|
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The challenge
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type Admission struct {

Type EventType

Patient Patient

PatientVisit Visit

Guarantor Guarantor

PatientInsurance Insurance

}
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The challenge
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MSH|^~\&|||||20120731102052||ADT^A04|20731172052000155374|P|2.2|18

EVN|A04|20120731102052|||dtrn1

PID|||000913545||UPDATEDISCHN^OPTWO^R||19410115|M|||

888 2ND AVE^^LOSANGELES^CA^90045||(310)564-6546|||M|AT|155374|949-84-9494

PV1||O|OQA|3|20||890|||MED||||1|||890|O||||||||||||||||||||||||||20101028|05

00

PV2|||PAIN|||||20101028

GT1|UPDATEDISCHN^OPTWO^||||888 2ND AVE^^LOS 

ANGELES^CA^90045|(310)564-6546|||||S |949-84-9494|||||||

IN1|1|MO|||MEDICARE A B|MEDICARE A B|MUTUAL OF OMAHA^BOX 1602-MEDICARE 

DEPT^OMAHA^NEBRASKA^92668|429785381|(402)9785381||||||||^^||MO||||||0.00|0||

||101028|dtr|||||||1|1||""||""||||Y|

type Admission struct {

Type EventType

Patient Patient

PatientVisit Visit

Guarantor Guarantor

PatientInsurance Insurance

}
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Type Model

ACK - General acknowledgment

ADR_A19 - Patient Query - Response

ADT_A01 - Admit/Visit Notification

ADT_A02 - Transfer a Patient

ADT_A03 - Discharge/End Visit

ADT_A04 - Register a Patient

ADT_A05 - Pre-Admit a Patient

22

ADT_A06 - Change an Outpatient To an 
Inpatient

ADT_A07 - Change an Inpatient to an 
Outpatient

ADT_A08 - Update Patient Information

ADT_A09 - Patient Departing - Tracking

ADT_A10 - Patient Arriving - Tracking

ADT_A11 - Cancel Admit/Visit Notification
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BAR_P02 - Purge Patient Accounts

BAR_P05 - Update Account

BAR_P06 - End account

BAR_P10 - Transmit Ambulatory Payment 
Classification (APC) Groups

BAR_P12 - Update Diagnosis/Procedure

BPS_O29 - Blood Product Dispense Status 
Message

Type Model

23

ORU_R01 - Unsolicited transmission of an 
observation message

ORU_R30 - Unsolicited Point-Of-Care 
Observation Message Without Existing 
Order – Place An Order

ORU_R31 - Unsolicited New Point-Of-Care 
Observation Message - Search For An 
Order

ORU_R32 - Unsolicited Pre-Ordered 
Point-Of-Care Observation
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Message ORU_R01
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Message ORU_R01
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Message ORU_R01 - Segments
Message Header:

MSH|^~\&|WAP^WAP||||20090127093601.105-0800||ORU^R01|20090127093601106c5|P|2

.4

Patient Identification:

PID|1|867509|867509||Van Goe^Edgar^A|||||||||||||867509

Observation Request:

OBR|1|||VITALS^Vital Signs^WAP|||20090127093400.000-0800

Observation Result:

OBX|1|ST|Heart Rate^Heart Rate^WAP||80|^BPM||||||||20090127093400.000-0800

26
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Message ORU_R01 - Patient Fields
Patient Identification:

PID|1|867509|867509||Van Goe^Edgar^A|||||||||||||867509

27
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The challenge - again

- Parse the message header and delimiters
- Hundreds of different messages
- There’s no real standard coding (implementations)
- Combination of messages
- Combination of request / response

28
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The encoding/json principle

User knows the expected format

hl7.Unmarshal(message, &Observation)

29
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Fastest solution - Github
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Starting point

func Reader(message)  []Segments

func (s Segment) Fields() []Fields

31
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The challenge - again

- Parse the message header and delimiters
- Hundreds of different messages
- There’s no real standard coding (implementations)
- Combination of messages
- Fields using custom space separators
- Data normalization

32
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Data decoder
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|Heart Rate^Heart Rate^WAP|

[[Heart Rate]][Heart][Rate][WAP]]

Output: Heart Rate Heart Rate WAP 
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|Van Goe^Edgar^A|

[[[Van][Goe]][Edgar][A]]

Output: Edgar A Van Goe
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Data decoder

35
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Data decoder
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The challenge - again

- Parse the message header and delimiters
- Hundreds of different messages
- There’s no real standard coding (implementations)
- Combination of messages
- Fields using custom space separators
- Data normalization

37
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Client defined data decoding structure
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Reflection to parse tag
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Reflection to parse tag
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“5,cx” = dataType {

position: 5,

type: cx

}
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&{0xc00007eed0 [{Heart Rate Heart 
Rate WAP  80 BPM} {Temperature 
Temperature WAP 1 98.6 °F} 
{Temperature Temperature WAP 2 97.5 
°F} {SPO2 SPO2 WAP  97 %} {CO2 (In) 
CO2 (In) WAP  0.0 %} {CO2 (Ex) CO2 
(Ex) WAP  5.0 %} {RR/BR RR/BR WAP  
12 Br/M} {PVC PVC WAP  0.0 
PVC/Min}]}

ORU_R01

&{867509 867509 Edgar A Van Goe}
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The challenge - again

- Parse the message header and delimiters
- Hundreds of different messages
- There’s no real standard coding (implementations)
- Combination of messages
- Fields using custom space separators
- Data normalization

42
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No real standard
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|Van Goe^Edgar^A|

[[[Van][Goe]][Edgar][A]]

Output: Edgar A Van Goe

|Van^Goe^Edgar^A|

[[Van][Goe][Edgar][A]]

Output: Edgar A Van Goe

|Van Goe Edgar A|

[[Van][Goe][Edgar][A]]

Output: Edgar A Van Goe

|Van Goe Edgar^A^MR|

[[[Van][Goe][Edgar]][A]]

Output: Edgar A Van Goe
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Client defined decoders
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Client defined decoders
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Client defined decoders
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Client defined decoders
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&{867509 867509 Patient Name is:  Edgar A Van Goe}
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The challenge - again

- Parse the message header and delimiters
- Hundreds of different messages
- There’s no real standard coding (implementations)
- Combination of messages
- Fields using custom space separators
- Data normalization

48
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The challenge - again

- Raw message parsing
- Message content variation
- Payload combination, union, merge
- Custom encoding
- Data normalization

49
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Referências

exemplos: https://github.com/zamariola

Referências

● https://project-awesome.org/kakoni/awesome-healthcare
● https://medium.com/@okulewicz.amelia/chaos-in-the-standardisation-how

-to-handle-hl7-96fe66c657c5
● https://hapifhir.github.io/hapi-hl7v2/
● https://www.welchallyn.com/content/dam/welchallyn/documents/sap-docu

ments/LIT/80018/80018556LITPDF.pdf
● https://www.fknsrs.biz/blog/golang-hl7-library.html
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https://github.com/zamariola
https://project-awesome.org/kakoni/awesome-healthcare
https://medium.com/@okulewicz.amelia/chaos-in-the-standardisation-how-to-handle-hl7-96fe66c657c5
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https://www.welchallyn.com/content/dam/welchallyn/documents/sap-documents/LIT/80018/80018556LITPDF.pdf
https://www.fknsrs.biz/blog/golang-hl7-library.html
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Thank you!

www.zamariola.com.br 
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Support Slides

52



zamariola.com.brciandt.com 53



zamariola.com.brciandt.com 54



zamariola.com.brciandt.com 55


