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Abstract-Text:

Introduction

For the design of context-aware service systems in operating theaters of the future,
workflow recovery has a crucial function. Abstract knowledge about which actions are
performed can be used for many applications [2-4] such as optimizing the workflow,
recovering average workflows or for guiding and evaluating training surgeons [4,5].
Especially for automatic report generation and finally for monitoring in a context sensitive
operating room, an automatic approach is necessary that can handle incoming signals
without human interpretation. This paper describes a novel way for automatic recovery of
the surgical workflow. Without using an implicit or explicit model of the surgery, the system
performs this task by synchronizing sequences of multidimensional state vectors. Each
sequence represents the recorded signals during each recorded surgery. The algorithms
have been tested on 17 signals of ten different surgeries of the same type. The resulting
temporal registration is correctly performed up to seconds, which is our sampling rate. The
temporal registration can be visualized in our software by displaying videos of the recorded
surgeries in a varying speed. The videos of different surgeries with different durations are
visualized precisely synchronized to the same workflow phases. The videos can be
replayed in a way that one surgery remains at its original speed and the other one is
replayed synchronized to the other. The surgeries can also be visualized at the speed of
an average surgery that has been generated by the system. Methods

The laparoscopic instruments used by the surgeon in a minimally-invasive surgeries
strongly correlate with the underlying workflow. We account for the ongoing actions during
the procedure with a binary model for the instrument usage: A series of multi-dimensional
state vectors over time takes into respect that several instruments can be used
simultaneously. Currently, we observe the usage of 17 different laparoscopic instruments.
Our novel way of workflow recovery is based on the following four steps: 1.
Synchronization of events. Using the DTW algorithm similar to Wang and gasser [1], we
synchronize different surgeries with variable duration in a non-linear manner. Due to the
synchronization of signals, the underlying events and workflow steps are synchronized
automatically as well. 2. Creation of an average surgery. An average surgery is created. It
reveals events that are common to all procedures. 3. Identification of workflow phases.
Common events within the average surgery trigger the start and end points of workflow
phases. 4. Obtaining workflow phases for the original surgeries. Using the time mapping
from each surgery onto the average, workflow phases for each original surgery can be
identified at the end of the procedure. Results

All of the surgeries have been synchronized with our software. For validation, 13 trigger



events have been assigned manually. A maximum tolerance of five seconds deviation
between these timestamps was tolerated. Deviations higher than five seconds were
classified as wrong phase detections. In six procedures with 13 trigger events each, the
proposed system was able to identify 92% of the events correctly. Moreover, 83% of the
correctly classified phases were detected with a precision of one second or less. These
results demonstrate that our approach is reliable and promising. The video presentation
shows the user interface and some exemplary results. Discussion We have shown that our
approach of workflow recovery is able to identify common phases in different surgeries of
the same type even under the conditions of a real surgery. For this task, an average
surgery is computed from a set of signals from exemplary surgeries, which already
provides the desired key information for many workflow specific applications. Our system
can identify the change of workflow phases with a reliability of 92% and a tolerance of 5
seconds. Each of the signals including the video stream from the laparoscope and the
video streams of our three external cameras can be shown simultaneously for two or more
surgeries. The fine-grained synchronization of the algorithm allows for stretching the
playback speed in a way that the surgeries are visualized according to the workflow
phases. Therefore, each single frame of all 24 videos is appropriately labeled with
synchronized workflow information for further studies. The playback is useful for thorough
and unprecedented analysis of surgical workflow, educational and training purposes and
evaluation of surgical skills. References

[1]. Wang, K., Gasser, T.: Alignment of curves by dynamic time warping. Annals of
Statistics 25 (1997) 1251-1276 [2] Cleary, K., Chung, H.Y., Mun, S.K.: Or 2020: The
operating room of the future. Laparoendoscopic and Advanced Surgical Techniques 15
(2005) 495-500 [3] RiedI, S.: Modern operating room management in the workflow of
surgery. Spectrum of tasks and challenges of the future. Der Chirurg 73 (2002) 105-110
[4] Rosen, J., Solazzo, M., Hannaford, B., Sinanan, M.: Task decomposition of
laparoscopic surgery for objective evaluation of surgical residents’ learning curve using
hidden markov model. Comput Aided Surg. 7 (2002) 49-61 [5] Strauss, G., Fischer, M., et
al., J.M.: Workflow analysis to assess the efficiency of intraoperative technology using the
example of functional endoscopic sinus surgery. HNO (2005)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [72 72]
  /PageSize [615.118 824.882]
>> setpagedevice


