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Abstract. There is an urgent need in the acute health system to use resources as
efficiently as possible. One such group of resources are operating theatres, which
have an important impact on patient flow through a hospital. Data-driven insights
into the use of operating theatres can suggest improvements to minimise wastage
and improve theatre availability. In this paper, a short extract of surgical data from
participating Queensland public hospitals was statistically analysed to examine the
effects of session type, session specialty, scheduling the longest case first and day
of the week on theatre utilisation. It was found that day-long sessions (as opposed
to separate morning or afternoon sessions), mid-week sessions, certain specialties
(eg. neurosurgery sessions) and not doing the longest case first were most
beneficial to theatre utilisation. Awareness of these findings is important in any
redesign activity aimed at improving flow performance.

Keywords. Hospital administration, efficiency — organisational, time management,
evidence-based practice

1. Introduction
1.1. Background and Operating Theatre Utilisation

Australian public hospitals operate under a strong performance framework with access
based targets for the emergency (NEAT: National Emergency Access Target) and
elective (NEST: National Elective Surgery Target) business streams of a hospital [1].
The goal of the targets is to address hospital overcrowding and long wait lists, yet
current performance indicates there is much room for improvement [2] - particularly in
progress towards NEST compliance.

In this study, we focus on theatre utilisation, an indicator of theatre performance
[3,4]. Previous studies looking at factors which effect theatre utilisation use many
techniques, including linear/multivariate regression [3,5] and computer simulations [6],
as well as covering many specialties (e.g orthopaedic [7], paediatric [8] and
neurosurgery [9]) and countries (eg, Australia [7], US [8], UK [3,5]). Findings range
from audits of hospital performance to algorithm to add cases to current schedules.
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Several definitions of theatre utilisation have been proposed [4]. In this study,
utilisation is defined as the percentage of an operating theatre session (block of time an
operating room (OR) is booked for) spent with patients (cases) [5] — refer Equation 1.

U Y cases in session ([ ime patient exits OR — Time patient enters OR)

Session end time — Session start time

Equation 1. Definition of theatre utilisation used in the study (U)
1.2. The ORMIS Data Set and Research Questions

Surgical data was obtained from Queensland Health via the Operating Room
Management Information System (ORMIS v7), following ethical review. Data
consisted of two sub-sets. The first sub-set was a session schedule for all elective
surgery sessions at participating Queensland public hospitals over a two year period
(the exact dates varied between hospitals, ranging from November 2011 to June 2013).
This dataset contained the variables Hospital, Start time of session, End time of session,
Specialty assigned to the session and Session ID number. The second sub-set was a list
of the patients operated on (cases) in the time period, and contained the variables of
Hospital, Date, Patient identifying number, Session ID number, Procedure Code,
Procedure Description, Procedure Specialty, Assigned Operating Theatre, Time patient
underwent anaesthetic, Time patient entered the operating room (OR), Procedure start
time, Procedure end time and Time patient left the OR.

Assumptions are often made when scheduling elective surgery. For example, it is
beneficial to schedule the longest case first, and schedule cases in day-long sessions [6].
Additionally it was desired to understand how other factors influence theatre utilisation,
such as the specialty performed in a given session, and differences across days of the
week. Based on these assumptions, it was decided that the effect of four main variables
on theatre utilisation would be examined:

e Booking sessions as day-long sessions or morning/afternoon sessions (both as
straight comparisons between the session types, as well as comparing day
sessions to pairs of morning and afternoon sessions on the same day);

o Different specialties assigned to sessions;

e Scheduling the “Major” (ie, longest cases) first in a session;

e Different days of the week.

Since a hospital can choose to use a theatre as a day session, or a morning and an
afternoon session, morning and afternoon sessions for the same operating room on the
same day were paired together, and the overall utilisation ( or “Paired Utilisation”) was
found for the pair, and compared to day sessions. The “Paired Utilisation” for these
sessions is defined by equation 2. (“Paired Utilisation” for day and singular
morning/afternoon sessions was simply defined as the regular utilisation of Equation 1).

Y.um (Patient out OR—Patient in OR)+Y4(Patient out OR—Patient in OR)

(Session finis h time py —Session start time p;)+(Session finis h time 4 —Session start time 4)

Upaired =

Equation 2. Definition of “Paired Utilisation” for paired Morning/Afternoon sessions, (M) indicates
Morning session, and (A) Afternoon session
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2. Methods
2.1. Data selection and model fitting

All statistical analysis was conducted using the R statistical package (v3.0.3, The R
Foundation for Statistical Computing). Sessions with utilisation greater than 2 (ie.
200%) and equal to 0 were excluded, being deemed as to be misrepresentation of actual
theatre use.

Tests were done using a generalised linear model of the Gaussian family, using the
variables hospital, hospital size, specialty, specialty size, session type, spread of case
durations, longest case first and day of the week. The model equation is shown in
equation 3.

Utilisation = u+ BHuspiml + ﬁHospital size T F ﬁDay of Week + BHospitalSize * BSpecialty Size

+ ﬁSpecialty size ¥ ﬁSessiun Type + BHospitul Size * ﬁLonyest First + BLongest First

* ﬁSession Specialty +e&
Equation 3. The generalised linear model equation. u is the overall baseline level, The  terms are the
coefficients for the effects of the variables in the model e.g, Byospicar is the effect of the hospital on theatre
utilisation (likewise for other variables). Note that these terms are different for each level of the variables. *
indicates and interaction term between the indicated variables. € is the error term. It is assumed that the error
terms are normally distributed around 0.

All values reported are mean utilisation = margin of error for a 95% confidence
interval, unless otherwise indicated.

2.2. Model validation

The model was validated by selecting a sample of 75% of the dataset, fitting the model
to this data and using this model to predict on the remaining 25%. The specialties of
cardiovascular surgery and epilepsy monitoring (all procedures specifically assigned to
the specialty “Epilepsy Monitoring Unit” for a particular hospital as opposed to
procedures on patients with epilepsy) were excluded from the validation as due to
insufficient sample size. It was found that 94.7% (+ 0.25%) of the remaining data
points fell in the 95% prediction interval (Figure 1).

Observed vs Predicted Utiization for test data

-

Figure 1. Observed vs Predicted Utilisation for test data set. Blue lines indicate bounds on 95% prediction
interval
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3. Results
3.1. Session Type

It was found that day-long sessions (mean=0.78 + 4.45 x 10, n = 10371) had higher
utilisation than afternoon sessions (mean=0.77 £ 5.70 x 107, n = 10105, p < 0.01) but
lower utilisation than morning sessions (mean = 0.80 + 5.52 x 107, n = 12320, p <
0.001) (Figure 2 — left plot).

iization ve Session Type Genzsnsn v parea sevsen e

Figure 2. Utilisation vs Session Type. Left: Utilisation vs true session type. Right: Utilisation vs Paired
Session Type (Day, singular Morning, singular Afternoon, paired Morning/Afternoon)

When pairing corresponding morning and afternoon sessions, it was found that
day-long sessions (0.79 £ 4.51 x 107, n = 10151) had the highest utilisation, being
significantly greater (p <0.001) than paired morning and afternoon sessions and
singular morning and afternoon sessions. Paired combination of both morning and
afternoon sessions (0.77 + 4.75 x 107, n = 9078) utilised theatres more than both
morning (0.72 + 1.26 x 10, n =3173, p = <0.001) and afternoon (0.74 + 1.44 x 107, n
= 1596, p = 0.028) sessions singularly (Figure 2 — right plot).

3.2. Session Specialties

Table 1 shows the mean difference between specialty-specific sessions and sessions
with no specialty assigned. It can be seen the majority of specialties have some
influence on theatre utilisation, with the greatest being Neurosurgery (NEU) (mean
difference = 0.532 +0.060, n = 333).

3.3. Longest Case First

It was found that doing the longest case first (mean = 0.77 + 5.31 x 107, n = 13619)
was actually less beneficial to theatre utilisation than scheduling other cases (mean =
0.81 £ 3.72 x 107, n = 17845) earlier in the session (Figure 3 — left plot). The two
groups were found to be significantly different (p < 0.001).

3.4. Day of the Week

There was a clear difference between weekdays and weekends in theatre utilisation
(Figure 3 — right plot). Within the weekdays themselves, it was found that Monday and
Friday (mean = 0.78 + 5.14 x 107, n = 12072) had significantly different utilisation
statistics (p < 0.01) to Tuesday, Wednesday and Thursday (mean = 0.80 + 3.80 x 10, n
=20724).
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Table 1. Mean difference in utilisation between specialty-specific sessions and sessions with no specialty
assigned

Specialty Mean ME n p-value Specialty Mean ME n p-value
NEU 0.532 0.060 333 <0.001 CAE 0293 0233 13 0.009
RAD 0.460 0.123 75 <0.001 END 0275  0.037 920 <0.001
PAE 0.429 0.126 27 <0.001 ENT 0271  0.032 2107 <0.001
VAS 0.418 0.055 376 <0.001 OPH 0256  0.036 1015 <0.001
BUR 0.417 0.066 174 <0.001 MIX 0.241  0.030 4347 <0.001
THO 0.414 0172 23 <0.001 DIA 0213 0.080 91 <0.001
PUB 0.406 0.053 318 <0.001 URO 0212 0.033 1917 <0.001
ANA 0.393 0.082 151 <0.001 CAR 0204 0353 8 0.107
DEN 0.386 0.044 920 <0.001 GAS 0.183  0.035 1000 <0.001
MAX 0.377 0.052 389 <0.001 RES 0.183  0.092 76 <0.001
UNK 0.366 0.079 164 <0.001 DER 0.148  0.065 158 <0.001
TRA 0.347 0.077 127 <0.001 ONC 0.103  0.098 51 0.020
ORT 0.343 0.030 5469 <0.001 PHY 0.082 0206 23 0.208
PRI 0.330 0.160 21 <0.001 CHR 0.067 0.095 54 0.082
GEN 0.328 0.031 4069 <0.001 PSY 0.030  0.050 734 0.118
REN 0.316 0260 11 <0.001 EME 0.022 0.104 81 0.335
OBS 0310 0.035 1423 <0.001 MED 0.017 0114 64 0.381
SUR 0310 0.032 2390 <0.001 CER -0.070  0.114 32 0.891
PLA 0.307 0.042 689 <0.001 EPIL -0.137 0320 5 0.850
GYN 0.301 0.033 1997 <0.001
Utlzaton vs Longest First Utitzation vs Day of the Week
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Figure 3. Left: Utilisation vs Longest Case; Right: Utilisation vs Day of the Week

4. Discussion

This study has provided insight into surgery scheduling to help improve theatre
efficiency and productivity. The research questions assessed were selected in response
to current assumptions made about schedule efficiency, such as day sessions being
more efficient than split morning/afternoon sessions, and that scheduling the longest
cases first is beneficial to theatre utilisation. Effects of session specialty and day-of-the-
week were also analysed.
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When testing session type, it was found that when comparing sessions singularly,
morning sessions utilised theatres slightly more efficiently than day-long sessions
(which utilised theatres slightly more than afternoon sessions). However, when pairing
morning and afternoon sessions scheduled in the same operating theatre on the same
day, day-long sessions were found to be most efficient, supporting the assumption
made by the state health department. It should be noted that the differences in
utilisation between day-long and morning/afternoon paired sessions was small (2%).

It was also found that scheduling cases other than the longest case first in a session
was 4% more efficient than scheduling the longest case first. This is significant, as it
contradicts an assumption by Queensland Health. Again, it should be noted that this
difference is very small.

When testing the differences between the specialties, it was found that 31 out of 39
specialties had a significant (p < 0.05) effect on theatre utilisation. The specialty with
the highest utilisation was found to be neurosurgery.

It was found that there was a significant reduction in theatre utilisation between the
weekends and the weekdays. This is to be expected, as surgeons try to avoid scheduling
cases on these days. When looking at weekdays, Tuesday, Wednesday and Thursday
was found to have slightly higher utilisation than Monday and Friday.

The authors intend to assess the findings generated from this analysis against a
longer, four-year extract of data from the participating hospital sites, focusing on
additional response variables such as patient throughput, and including other
explanatory variables such as time spent by patients in the hospital before and after the
procedure, and waiting times for procedures (NEST performance in particular).
Combining these will aid the development of a simulation model to optimise elective
patient flow.

In conclusion, different session types, specialties, days of the week and the
ordering of the longest case do influence theatre utilisation, challenging some current
assumptions. These results can inform scheduling procedures in public hospitals and
lead to more efficient use of hospital resources.

References

[1] Australian Government, National Health Reform. Expert Panel Review of Elective Surgery and
Emergency Access Targets under the National Partnership Agreement on Improving Public Hospital
Services. Report to the Council of Australian Governments 30 June 2011

[2] AMA: Public hospital report card 2014: An AMA analysis of Australia’s public hospital system,
available online: https://ama.com.au/ama-public-hospital-report-card-2014 [accessed May 2014]

[3] Faiz Ol, Tekkis P, McGuire A, et al. Is theatre utilization a valid performance indicator for NHS
operating theatres? BMC Health Serv Res. 2008 Jan 31;8:28

[4] Wadhwa, L.C., et al., Simulation of Alternative Models of Operating Theatres Utilisation, in The
Australian National University International Congress on Modelling and Simulation Proceedings. 2001:
Australian National University

[5] Modgil, V., et al. Is percentage theatre utilisation data an accurate predictor of cost-effectiveness and
performance in urology? Journal of Clinical Urology 2013, 6:254

[6] Steins, K., Persson, F., Holmer, M., Increasing Utilization in a Hospital Operating Department Using
Simulation Modeling, SIMULATION 2010, 86:483.

[7] Delaney, C.L., Davis, N., Tamblyn., Audit of the utilization time in an orthopaedic trauma theatre,
ANZ Journal of Surgery 2010 80:217

[8] Ferrari, L.R., et al. Criteria for assessing operating room utilization in a free-standing children’s
hospital, Pediatric Anesthesia 2012, 22:696.

[9] Iyer, R.V,, et al, Audit of operating theatre time utilization in neurosurgery, British journal of
neurosurgery 2004, 18:333





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


