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Innovation Highlight — Medical Device Waveform Data




Mass General Brigham (ex- Partners Healthcare)

COVID-19 vaccine information >

One of the largest Healthcare
Provider in US
« # of emplOyee 80,000 [l Mass General Brigham ~ whoweae Howwelead FindgGetcare  [2Uent Q
« # of Patients 2.5 million

Find a Doctor Hospitals & Locations Log In to Patient Gateway
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GE Carescape B850

Waveform Data —» | I Parameter Data
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Biomed Use Cases from MGB

+** Research: Analysis of blood pressure waveforms to predict
hemodynamic parameters such as cardiac output, systemic vascular
resistance and aortic compliance

** Clinical: Display of waveforms on a dashboard that also displays
alerts based on EMR data
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System Overview
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What Are the Actual Messages

MSH|~~¥&|SMARTLINX 11.4 PHSWEB1511|MGH|||20231116154334.892-
0500 | | ORUMRO1"ORU_RO1|3b16154334901771|P|2.6]|| |AL|NE||8859/1| | | IHE_PCD_@@1~IHE
PCD"1.3.6.1.4.1.19376.1.6.1.1.17IS0|

PID||]|4063657 | | XXXXXXXXXXXXXXX |

OBR|1|1497 )02F7AA4Q5E~EUI-64 | 14-~CAPSULE~AC3BCDO2F7AA4Q5E~EUI -
6469121 "MuC . s wAve 1S MDC| | |
| | | | IMGHMGHE@4I E@406A||||||||DatexA 5.2.19.12 CARESCAPE
B850 Datex|
OBX|5|NA|27~~CAPSULE | |-1~-1~-52-107-152-157-12~-10"-6"-8"-9"-7/-6"-2"-1"-2 .
A-177-127-77=2|uvruvAucuM| | || |F] | ]20231116154328.194-0500 |
OBX|6|NM|6 values TTR_TIME_PD_SAMP~MDC | |3.333333 |ms*ms~UCUM| | | | |F| || 2023
1116154328 N

OBR| 2| 156" CAPSULEAAC3BCDO2F7AA4@5E~EUT-64| 150~ca| SAMPIING rate |gseapyz-
64|69121~MDC_OBS_WAVE_CTS~MDC| | | |

| | | IMGHMGHE@4I_E0406A| ||| ||| |DatexA 5.2.19.12 CARESCAPE
B850 Datex|
OBX|5|NA|27~~CAPSULE | | -87-67-37-47-47-87-107-9727725/24718" .. 97-107-9A-
7 |uvruvrucum| ||| |F| | |20231116154328.194-06500 |
OBX|6|NM|67981~MDC_ATTR_TIME_PD_SAMP~MDC | |3.333333|ms” ms~UCUM| | | | |F| || 2023

1116154328.194-0500 | 7
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Key Challenges

High-velocity, high-volume ingestion
° to avoid contention points

Variability of device data and metadata
e Support for waveforms, trends and alerts

J , often out-of-order with series

Diverse query needs lead to complex storage requirements
e Flexible filter criteria ask for
e Long retention times for research use case ask for
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Partitions, Segments, Buckets & Chunks

Partition based on a broad Buckets avoid contention
time interval for storage points at ingest, and enable
tiering. smart indexing
Segment based on HL7 Chunks align with existing
message granularity, as bitmap and columnar
metadata storage models
] [

~rglo( <partition> , <segment> , <bucket> , <chunk> ) =
l J | J

logical physical
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SQL Projections [l

Table: MGB_Test.SegmentReading ( Table: MGB_Test.DeviceReading Table: MGB_TestMeta O Tabl

_ Field Datatype
Field Name  Datatype Field Datatype ( Name
Name %
_ _ ID1 %Library.Bigint
D UL IS ID %Library.String D %Library.String
bucketlD %Library.Integer : : ; :
X O/OL'b yl t J bucketlD %Library.Integer devicelD  %Llibrary.String
epoc oLibrary.Integer _ _ _ h %Librarv.Int
o1 ; devicelD %Library.String =Poc o-brany meger
pos %Library.Integer o patientlD  %Library.String
segmentBucket %Library.String epoch /oL ibrary.Integer segmentlD  %Library.String
segment|D %Library.String readinglD %Library.Integer facility %Library.String
ts %Library.PosixTime ts %Library.PosixTime unit %Library.String
value %Library.Integer value %Library.Integer room “Library.String

bed %Library.String
deviceType %Library.String
deviceSubld %Library.String
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SQL Queries - Clinical

“Using clinical viewers for viewing patient vital signs along with alarms in close to
real-time settings remotely.”

SELECT deviceID, deviceType, deviceSubId, ts, value
FROM MGB_Test.SegmentReading sr

JOIN MGB_Test.Meta m ON (sr.segmentID = m.segmentID)
WHERE m.patientID = '©0123456789"

AND sr.ts BETWEEN CURRENT_TIMESTAMP
AND CAST(CURRENT_TIMESTAMP - 180000000 AS POSIXTIME)

ORDER BY devicelID, ts
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SQL Queries - Research

“Retrieve all occurrences of arrhythmia alarms for [xyz unit] from the past month,
week, or day, along with the corresponding waveforms that occurred immediately
before or during each alarm.”

SELECT arr.bed, arr.ts, arr.value, ecg.devicelD, ecg.ts, ecg.value
FROM (
SELECT bed,ts,value
FROM MGB_Test.SegmentReading sr JOIN MGB_Test.Meta m ON (sr.segmentID
WHERE 'm.deviceType = 2601 AND sr.value > 3
AND m.unit = 'MGHL1@'
AND| sr.ts >= TO_POSIXTIME('2023-11-01','yyyy-mm-dd")
AND| sr.ts < TO_POSIXTIME('2023-12-01','yyyy-mm-dd")
) arr JOIN (
SELECT deviceID, bed,ts, value
FROM MGB_Test.SegmentReading sr JOIN MGB_Test.Meta m ON (sr.segmentID
WHERE 'm.deviceType = 27
) ecg ON ecg.bed = arr.bed
AND ecg.ts > CAST(arr.ts - 120000000 AS POSIXTIME)
AND ecg.ts < CAST(arr.ts + 60000000 AS POSIXTIME)
ORDER BY arr.bed, arr.ts, arr.value, ecg.devicelD, ecg.ts

m.segmentID)

m.segmentID)
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All ICU, OR, and Peri-operative Units at MGH

July 31st 2024 (Wednesday), 12 IRIS ports for all 900-1000 devices

Start Duration | Total messages Breakdown Steady-state
(0]
11:12 AM 34.5 min | 1,395,399 msgs 96% parameter | 710 msgs
4% waveform per second
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Storage Compression

Message Counts Stored Size
0,
HHLT HHLT % of HL7 IRIS % HL7
Data set By type stored stored stored
messages messages | messages , , ,
size size size
Waveform 60339 4% 419 2 0.5%
July 31 | 1395399

Parameter | 1335060 96% 8100 999 12%
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Time Alignment of Waveform and Parameters

Wave+parameters values per time

2000

1500 -

1000 -

Values

500 4

g
'l'””"”ll '“'!,..,

01 ”'1' b IW" |“”"'”'”” |' Wl i'i;

=500 -

12:15:20 12:15:30 12:15:40 12:15:50 12:16-00 12:16:10 12:16:20 12:16:30 12:16:40 12:16:50
Time units

___ Location = MGHMGHLO6I_L0622A,
OBX Type = 133~ ~CAPSULE

___ Location = MGHMGHLO6I L0622A,
OBX Type= 27~ ~CAPSULE

___ Location = MGHMGHLO6!_L0622A,
OBX Type=3144"~~CAPSULE
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Result

Ingestion Rate >>>

High-density storage

Efficient clinical & research queries
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Thank You

Qi Li, MD, MBA
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