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Abstract

This study evaluates the implementation of a blood culture (BCx) algorithm in the neurology ICU (NICU) to reduce BCx event (BCE) rates.
Results show a reduction in BCE rates, without increasing adverse outcomes. The findings support the feasibility of BCx algorithms for

improving diagnostic stewardship in the specialized NICU population.

(Received 15 October 2024; accepted 2 December 2024; electronically published 27 January 2025)

Background

The liberal use of blood cultures (BCxs) can lead to patient harm
through unnecessary antibiotic use, increased costs, and the risk of false-
positive results.! Successful implementation of BCx algorithms in other
settings has demonstrated that reducing unnecessary cultures does not
compromise patient care in the context of surgical intensive care units.”
However, the application of such algorithms in neurology ICUs
(NICUs), a setting with unique challenges (eg central fever), has not
been well studied. Our study aimed to determine whether implement-
ing a BCx algorithm to determine when a BCx should be ordered could
safely reduce the rates of BCx in this specialized population.

Methods

This quasi-experimental, pre- and post-intervention study was
conducted in the NICU of a single academic hospital from January
2022 to July 2024. We compared BCx rates before (01/2022-04/
2023) and after (05/2023-06/2024) the implementation of a BCx
algorithm using an interrupted time series. During the intervention
period, we reviewed most BCxs and provided weekly feedback on
appropriateness to clinicians and unit leadership as previously
described by Seidelman et al.? The study received approval from
our hospital’s institutional review board (Pro00109734).

Patients were included if they had a BCx drawn while admitted
to the NICU and > 18 years of age. We defined a blood-culture
event (BCE) as collection of a blood-culture set or blood-culture
sets ordered by a clinician for a specific clinical indication. A BCE
was inappropriate if the clinician did not follow the blood-culture
algorithm. True-positive cultures were BCx that resulted in
growth and were treated with antibiotics. Contaminants were
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unconventionally defined as BCx that resulted in growth and were
not treated with antibiotics.

Results

During the study period, we analyzed a total of 3,129 BCE: 2098 during
the pre-intervention period and 1,031 in the post-intervention period.
During the pre-intervention period, the BCE rate was decreasing by
2.6%. At the time of the intervention, the BCE rate decreased by 27.7%.
Following the intervention, the rate continued to decrease by 0.5%. The
incidence rate ratio pre-intervention compared to post-intervention
was 0.56 (95% CI 0.51, 0.62, P < 0.01). (Figure 1)

We compared several adverse event outcomes during the pre-
intervention versus post-intervention phases and found no
significant increase (Table 1).

We reviewed a total of 298 BCx events from May 2023 to
November 2023. The most common reasons for BCx were isolated
fever and/or leukocytosis (134, 45%), severe sepsis or septic shock
(46, 15%), and suspected infective endocarditis or endovascular
infection (23, 8%). Two-hundred and fifty-four (85%) yielded
negative cultures, 28 (10%) true positives, and 16 (5%) contaminant
cultures. Of the 298 cultures reviewed, 158 (53%) were deemed to be
inappropriate, 135 (45%) were adjudicated as appropriate, and 5
(2%) did not have enough information in the chart to make a
delineation. Of the 158 inappropriate BCxs, the most common
reasons for inappropriate BCxs were isolated fever and/or
leukocytosis (134, 85%), ventilator-associated pneumonia, and
postoperative fever within 48 hours (5, 3%). Of the 134 BCx drawn
for isolated fever and/or leukocytosis, 126 yielded negative cultures
and 8 yielded contaminants. We did not find any true-positive BCx
that were drawn for isolated fever and/or leukocytosis.

We did a subgroup analysis on 44 BCx drawn on neurosurgical
patients. In this population, 19 BCx were drawn for isolated fever
and/or leukocytosis and 3 were drawn for postoperative fever
within 48 hours of surgery. All 21 of these cultures were negative.
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Table 1. Adverse outcome event comparison between the pre-intervention versus post-intervention phase

Average blood culture rate (per 100 admissions) (standard deviation) 14.0 (2.5) 1(1.8) <0.01
Monthly in-hospital mortality (standard deviation) 0.013 (0.036) 0.031 (0.068) 0.37
Monthly 30-day all-cause readmission (standard deviation) 0.84 (0.28) 0.60 (0.30) 0.03
Central line-associated bloodstream infection rate per 1000 line days (standard deviation) 2.28 (4.0) 0 (2.3) 0.17
Average monthly antibiotic days of therapy (standard deviation) 724 (134) 656 (106) 0.12

Neurology ICU Blood Culture Event Rates (per 100 patient days)

20

15

10

Blood culture events per 100 patientdays

Figure 1. Interrupted time-series analysis of BCx 1/2022
algorithm implementation comparing the pre-
intervention period (1/2022 to 5/2023) to the

post-intervention period (6/2023 to 7/2024).

In fact, in this group, we only had 2 positive BCxs, which were
drawn in the same patient after brain death before organ
transplantation.

Discussion

We found that the implementation of a BCx algorithm in the
NICU significantly decreased the BCE rate without corresponding
increases in adverse effects. Importantly, we observed no rise
in antibiotic days of therapy (DOT), central line-associated
bloodstream infections (CLABSIs), 30-day readmission rates, or
in-hospital mortality following the algorithm’s introduction.
To our knowledge, this is the first study to report the use of a
BCx algorithm specifically in an NICU setting.

Unnecessary BCxs lead to a cascade of negative outcomes.
These include prolonged hospital stays, increased healthcare
costs, a heightened risk of false positives, overuse of antibiotics,
and a higher likelihood of antibiotic-related side effects and
interactions.>* Furthermore, these unnecessary BCxs cause
patient discomfort due to repeated blood draws, which can lead
to anemia and subsequent transfusions. The burden extends to
nursing staff and laboratory personnel, who spend significant
time collecting and processing these specimens.

The NICU patient population presents a distinct challenge
when it comes to BCxs, largely due to the prevalence of central
fever and or noninfectious (reactive) leukocytosis. Central fever
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most commonly arises in patients suffering from brain tumors,
intraventricular hemorrhage, subarachnoid hemorrhage, cerebral
vasospasm, and traumatic brain injury and is thought to result
from hypothalamic dysfunction and damage to brain thermoreg-
ulatory centers.>® Reactive leukocytosis is also a common
occurrence post-seizure, which can be a complication of a
subarachnoid hemorrhage or traumatic brain injury. These two
groups are also prone to central fever.*®

In addition, the NICU population also includes patients who
present with altered mental status, stroke, coma, or other
neurologic impairments that prevent effective communication.
These patients are therefore unable to communicate whether they
are having symptoms that are typical indicators of bacteremia.
As a result, there is an increased likelihood of ordering BCxs to
rule out bacteremia, even in the absence of clear clinical signs.

Our findings align with other studies that have implemented
BCx algorithms in various hospital settings, including emergency
departments and ICUs. For example, Theophanous et al
demonstrated that the implementation of a BCx algorithm in
emergency department patients as a diagnostic stewardship
intervention significantly reduced the number of unnecessary
BCxs, leading to more targeted use of resources without
compromising patient outcomes.” Seidelman et al. also imple-
mented a diagnostic stewardship intervention aimed at optimizing
BCx utilization in two surgical ICUs, highlighting the effectiveness
of algorithm-driven approaches in reducing BCx events and
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promoting more efficient patient care.? Finally, Fabre et al.
reported on the DISTRIBUTE study, which applied a diagnostic
stewardship intervention among adult nonneutropenic inpatients,
showing significant improvements in BCx use and reductions in
false positives.! These studies collectively support our findings,
reinforcing the utility of BCx algorithms in reducing unnecessary
tests while maintaining patient safety and enhancing antimicrobial
stewardship.

Our study does have a few notable limitations. First, it is a single-
unit, interrupted, unblinded time-series analysis and is accompanied
by the limitations thereof. Second, we used historical NICU data as a
control instead of comparing the results to another hospital unit
during the same period. However, the NICU’s unique characteristics
make direct comparisons with other units difficult. Additionally, we
used a nonstandard definition of “contaminants” to increase the
sensitivity of our algorithm to potential cases of bacteremia,
acknowledging the complexity of our patient population.

In summary, our study demonstrates that the implementation
of a BCx algorithm in the NICU can reduce unnecessary BCE
while maintaining patient safety. Future studies should seek to
replicate these findings in multicenter designs to improve
generalizability. Our study highlights the importance of utilizing
targeted interventions like BCx algorithms in complex, high-risk
patient populations, offering a pathway toward more efficient,
evidence-based care.

Maureen Metz et al.

Financial support. None reported.

Competing interests. All authors report no conflicts of interest relevant to this
article.

References

1. Fabre V, Klein E, Salinas AB, et al. A diagnostic stewardship intervention to
improve blood culture use among adult nonneutropenic inpatients: the
DISTRIBUTE study. J Clin Microbiol 2020;58:e01053-20.

2. Seidelman JL, Moehring R, Gettler E, et al. Implementation of a diagnostic
stewardship intervention to improve blood-culture utilization in 2
surgical ICUs: time for a blood-culture change. Infect Cont Hosp Ep
2024;45:452-458.

3. Goyal K, Garg N, Bithal P. Central fever: a challenging clinical entity in
neurocritical care. ] Neurocrit Care 2020;13:19-31.

4. Hocker SE, Tian L, Li GX, Steckelberg J, Mandrekar JN, Rabinstein AA.
Indicators of central fever in the neurologic intensive care unit. Jama Neurol
2013;70:1499-1504.

5. Badjatia N. Hyperthermia and fever control in brain injury. Crit Care Med
2009;37:5250-S257.

6. Gusdon AM, Savarraj JPJ, Shihabeddin E, et al. Time course of peripheral
leukocytosis and clinical outcomes after aneurysmal subarachnoid hemor-
rhage. Front Neurol 2021;12:694996.

7. Theophanous R, Ramos ], Calland AR, et al. Blood culture algorithm
implementation in emergency department patients as a diagnostic steward-
ship intervention. Am J Infect Control 2024;52:985-991.



	Navigating the blood-brain barrier: enhancing blood culture practices in the neuro-ICU
	Background
	Methods
	Results
	Discussion
	References



<<
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


