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Abstract Objective: We examined
whether invasive lung-specimen
collection-to-treatment times for
intensive care unit patients with
suspected ventilator-associated pneu-
monia (VAP) differ with to the work
shift during which specimens were
collected. We compared weekday day
shifts and off-hours (from 6:30 p.m.
to 8:29 a.m. the next day for night
shifts, from Saturday 1:00 p.m. to
Monday 8:29 a.m. for weekends, and
from 8:30 a.m. to 8:29 a.m. the fol-
lowing morning for public holidays).
Design and setting: Single-center,
observational study in the intensive
care unit in an academic teaching hos-
pital. Patients and participants: 101
patients who developed 152 episodes
of bacteriologically confirmed VAP.
Measurements and results: Of the
152 VAP episodes 66 were diag-
nosed during off-hours. Neither more

bronchoscopy complications nor
more inappropriate initial antimi-
crobial treatments for patients were
observed between day and off-hour
shifts. Indeed, the overall time from
brochoalveolar lavage to antibiotic
administration was shorter for off-
hours than day-shifts due to shorter
specimen collection-to-antibiotic
prescription times, but antibiotic
prescription-to-administration times
were the same. Conclusions: An
invasive strategy based on bron-
choscopy to diagnose VAP was not
associated with a longer time to first
appropriate antibiotic administration
when clinical suspicion of VAP
occurs during off-hours.

Keywords Ventilator-associated
pneumonia · Antibiotics · Appropri-
ate treatment · Off-hours · Bron-
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Introduction

An invasive strategy for the diagnosis of ventilator-
associated pneumonia (VAP) consists of immediately
performing bronchoscopy (day 1) to sample distal pul-
monary secretions in the area radiologically suspected
of being infected, using bronchoalveolar lavage (BAL),
with light microscopy examination of the cells collected
in BAL fluid, looking for intracellular bacteria [1, 2].
One potential caveat of this strategy is that when clinical
deterioration occurs during evening, night, weekend, or
holiday shifts (referred to here as “off-hours”, unless
otherwise specified), this strategy may be more difficult
to implement because of lower medical staffing level and

less availability of such procedures during off-hours [3].
Moreover, it is well known that delayed appropriate an-
tibiotic treatment for patients with VAP can be associated
with a poorer prognosis [4, 5]. Because the intensive care
unit (ICU) staffing level is often lower during off-hours,
we hypothesized that the mean time from initially meeting
the diagnostic criteria for VAP using the invasive strategy
until administration of antimicrobial treatment would be
longer during off-hours than during weekday day shifts.

We conducted this study to compare the mean times
from bronchoscopy and BAL specimen collection to
appropriate antimicrobial treatment administration for
patients with microbiologically confirmed VAP, when
clinical suspicion occurred during off-hour or day shifts.
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Materials and methods

The study took place in an 18-bed medical ICU of a teach-
ing hospital, which functions as a “closed” ICU. A total of
650 patients were admitted to this ICU between January
2004 and April 2005, 312 of whom underwent mechanical
ventilation (MV). The study population consisted of the
221 who were ventilated for 48 h or longer (Fig. E2, Elec-
tronic Supplementary Material, ESM). All those clinically
suspected of having VAP underwent bronchoscopy and
BAL fluid collection. VAP was diagnosed when all the fol-
lowing criteria were met: (a) clinical suspicion of VAP, de-
fined as a new and persistent pulmonary infiltrate on chest
radiograph associated with at least one of the following:
temperature 38 °C or higher, white blood cell (WBC) count
10 × 109/l, and purulent tracheal secretions (in patients
with acute respiratory distress syndrome, for whom the
demonstration of radiological deterioration was difficult,
at least one of the three preceding criteria sufficed); (b)
significant growth (≥ 104 cfu/ml) of quantitative cultures
of distal BAL fluid samples obtained by fiberoptic bron-
choscopy [2]. The clinical characteristics at ICU admission
of patients who developed VAP are reported in the ESM.

Sixty-six (43%) VAP episodes were diagnosed during
off-hours. In France day shifts are defined by law as
Monday to Friday, 8:30 a.m. to 6:29 p.m., and Saturday
from 8:30 a.m. to 12:59 p.m.; and off-hours from 6:30 p.m.
to 8:29 a.m. the next day for night shifts, from Saturday
1:00 p.m. to Monday 8:29 a.m. for weekends, and from

Table 1 Clinical characteristics and outcomes of the 152 VAP
episodes as a function of the shift during which they were suspected;
values are median (range) or absolute number (percentage) (VAP
ventilator-associated pneumonia, BAL bronchoalveolar lavage, AT

antimicrobial treatment, MV mechanical ventilation, WBC white
blood cells, SOFA sepsis related organ failure assessment, mCPIS
modified clinical pulmonary infection score as defined by Luyt et
al. [15])

Day-shift episodes Off-hours episodes p
(n = 86) (n = 66)

AT 15 days before VAP 63 (73%) 39 (59%) 0.08
MV duration before VAP onset (days) 9 (2–132) 6 (2–150) 0.29
Day1

Temperature (◦C) 38.3 (32.0–40.3) 38.5 (34.2–41.7) 0.18
WBC count (× 109/l) 12.8 (0.5–36.5) 12.2 (0.4–49.8) 0.36
Radiology score 4 (0–12) 4 (0–12) 0.35
PaO2/FIO2ratio 203 (50–510) 180 (51–500) 0.10

Day 1 mCPIS 6 (2–10) 6 (3–10) 0.21
Day 3 mCPIS 8 (4–12) 8 (5–12) 0.48
Day 1 SOFA score 7 (0–19) 7 (0–18) 0.86
Day 3 SOFA score 7 (0–20) 7 (0–18) 0.90
Complications of bronchoscopy

Oxygen desaturation 2 (2%) 1 (2%) 0.85
Pneumothorax 0 0 –
Bronchial bleeding 0 0 –

Death within 24 h after VAP onset 3 (3%) 1 (2%) 0.85
Time from BAL to AT prescription (min) 103 (5–620) 70 (15–240) 0.004
Time from AT prescription to administration (min) 15 (0–150) 15 (0–75) 0.83
Time from BAL to AT administration (min) 135 (15–670) 93 (15–270) 0.005
Initial inappropriate AT 6 (7%) 5 (8%) 0.99

8:30 a.m. to 8:29 a.m. the following morning for public
holidays [6]. During off-hours, one intensivist (board cer-
tified or in training-to-be) is on-call onsite, with a medical
resident and a medical student. French law mandates that
the physician in charge of the ICU during off-hours be
either board-certified in critical care or in training-to-be,
but in the latter case he/she must have completed at least
52 onsite night shifts as a resident in an ICU before being
authorized to run the ICU during off-hours.

When a patient was suspected of having VAP, at
any time and day, the attending physician immediately
performed bronchoscopy and BAL [2]. All physicians
working in our ICU, board-certified or in-training-to-be,
were specifically trained to perform Diff-Quick staining
and microscopy examination of BAL fluids [1]. Initial
antibiotic prescription was guided by an algorithm, as
described in the ESM [7, 8, 9, 10]. The protocol was in
accordance with the ethical standards of our hospital’s
Committee for the Protection of Human Subjects. In-
formed consent was not obtained because this study did
not modify existing diagnostic or therapeutic strategies.

Data are presented as median and range or absolute
number and percentage. Values were compared as follows:
continuous variables with the Mann–Whitney U-test
or Student’s t-test, as appropriate; categorical variables
with the χ2 square test. Analyses were performed using
StatView 5.0 (SAS, Cary, N.C., USA) software. Statistical
significance was defined as p < 0.05. Additional details on
the methods are available in the ESM.
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Results

Clinical deterioration requiring bronchoscopy (day 1)
and BAL was found to be the same for all shifts. Pa-
tients’ outcomes are presented in Table 1. Neither more
bronchoscopy complications nor less appropriate initial
antimicrobial treatments for patients were observed be-
tween day and off-hour shifts. The period between BAL
collection and antibiotic administration was significantly
shorter when specimens were collected during off-hours
(p = 0.005). This difference was due to a significantly
longer period between BAL collection and antibiotic pre-
scription in patients whose bronchoscopy was performed
during day shifts (p = 0.004), but the time from antibiotic
prescription to antibiotic administration was not affected
by the hour of prescription.

Discussion

According to our results, almost one-half of VAP episodes
were diagnosed during off-hours, when the medical
staffing level was lower. Most of these off-hour episodes
were diagnosed during weekend shifts, and only 19
episodes occurred during night shifts. Surprisingly, and
in contrast to our hypothesis, we found that the time
from BAL collection to antibiotic administration was
longer for episodes diagnosed during day shifts than
during off-hours. This difference was not due to delayed
antibiotic administration during day shifts because the
period from antibiotic prescription to administration
was the same in both groups but rather to a longer time
from BAL specimen collection to antibiotic prescription
by the day-shift physician-in-charge. Lastly, only a low
proportion of patients received initial inappropriate antimi-
crobial treatment, regardless of the specimen collection
shift.

To our knowledge, this is the first study to evaluate
whether the use of an invasive strategy to diagnose VAP
delays appropriate antibiotic administration, when the
diagnosis is made during off-hours. Iregui et al. [4]
evaluated 107 patients with VAP who had received an
antibiotic regimen that was shown to be active in vitro
against the pathogens isolated from their respiratory
secretions; antibiotic administration was delayed for at
least 24 h in 33 of their patients, mainly because of delays
in writing antibiotic orders (25/33). The authors hypoth-
esized that the cause was failure of attending physicians to
recognize VAP, forgetting to write orders for antibiotics,
awaiting the results of diagnostic tests such as cultures, or
attributing the patient’s clinical findings to a noninfectious
process [4]. However, they did not examine whether the
shift during which clinical suspicion occurred had the
effect of delaying antibiotic prescription. Our study ob-
served no delay in the administration of antibiotics during
off-hours, and indeed the time to antibiotic administration

was shorter. Unfortunately, our study was not designed
to assess factors that may explain why patients received
antibiotics earlier.

Several possible explanations of our surprising ob-
servations can be envisaged. The predominantly diurnal
organization of our ICU may at least partly explain the
long period from BAL specimen collection to antimicro-
bial treatment prescription. During day shifts physicians
have other responsibilities in addition to taking care of
patients (e.g., staff meetings; secretarial, administrative
and teaching responsibilities; interactions with patients’
families) that may interfere with patient management
and indirectly impinge on the quality of care. During
off-hours the in-charge physician is not distracted by these
obligations and is thus able to concentrate exclusively on
patients with specific problems. Pertinently, we and other
investigators have demonstrated that mortality in patients
admitted during off-hours is not higher than in those
admitted during day shifts, consistent with a constant level
of care, regardless of the time and day [6, 11, 12, 13].

Our study has several limitations. First, this was
a single-center study, with trained physicians who are able
to perform bronchoscopy, BAL, and microscopy examina-
tion of the BAL fluids. Hence it is difficult to extrapolate
our results to other ICU with different organizations and
levels of technical expertise required of their medical
teams. Several technical factors, including the need to
have adequate resources (e.g., someone to perform the
bronchoscopy and a microbiologist to examine the speci-
mens rapidly) may render difficult the implementation of
these procedures in many hospitals and may limit their
widespread use [14]. However, all of our ICU physicians,
including the least experienced, were mastered the various
procedures used in the invasive strategy after a relatively
short learning period. Secondly, a potential caveat of
the invasive strategy is that when clinical deterioration
occurs during off-hours, fiberoptic bronchoscopy may be
less available and thus delayed, as well as antimicrobial
treatment. Our study was unable to determine the precise
duration from the time when clinical criteria of suspected
VAP were fulfilled and the performance of bronchoscopy.
Although it is unlikely that this period differed during off-
hour and day shifts, we cannot exclude such a possibility.
Third, the times of bronchoscopy, antibiotic prescription,
and administration were entered manually by the nurses
in charge of the patients into our electronic case report
form (Clinisoft, General Electric) and may have included
coding errors.

In conclusion, we found that an invasive strategy based
on bronchoscopy to diagnose VAP did not delay appro-
priate antibiotic administration when clinical suspicion of
VAP occurs during off-hours. The period to antibiotic ad-
ministration was even shorter when BAL fluid collection
was performed during off-hour than day shifts. Whether
these findings have an impact on outcome remains to be
determined.



737

References

1. Chastre J, Fagon JY, Soler P, Bornet M,
Domart Y, Trouillet JL, Gibert C,
Hance AJ (1988) Diagnosis of nosoco-
mial bacterial pneumonia in intubated
patients undergoing ventilation:
comparison of the usefulness of bron-
choalveolar lavage and the protected
specimen brush. Am J Med 85:499–506

2. Chastre J, Fagon JY (2002) Ventilator-
associated pneumonia. Am J Respir
Crit Care Med 165:867–903

3. Bell CM, Redelmeier DA (2004)
Waiting for urgent procedures on the
weekend among emergently hospital-
ized patients. Am J Med 117:175–181

4. Iregui M, Ward S, Sherman G,
Fraser VJ, Kollef MH (2002) Clinical
importance of delays in the initiation
of appropriate antibiotic treatment for
ventilator-associated pneumonia. Chest
122:262–268

5. Leroy O, Meybeck A, d’Escrivan T,
Devos P, Kipnis E, Georges H (2003)
Impact of adequacy of initial antimicro-
bial therapy on the prognosis of patients
with ventilator-associated pneumonia.
Intensive Care Med 29:2170–2173

6. Luyt CE, Combes A, Aegerter P,
Guidet B, Trouillet JL, Gibert C, Chas-
tre J (2007) Mortality among patients
admitted to intensive care units during
weekday day shifts compared with
“off” hours. Crit Care Med 35:3–11

7. Trouillet JL, Chastre J, Vuagnat A,
Joly-Guillou ML, Combaux D, Dom-
bret MC, Gibert C (1998) Ventilator-
associated pneumonia caused by
potentially drug-resistant bacteria. Am
J Respir Crit Care Med 157:531–539

8. Trouillet JL, Vuagnat A, Combes A,
Kassis N, Chastre J, Gibert C (2002)
Pseudomonas aeruginosa ventilator-
associated pneumonia: comparison of
episodes due to piperacillin-resistant
versus piperacillin-susceptible organ-
isms. Clin Infect Dis 34:1047–1054

9. Hayon J, Figliolini C, Combes A,
Trouillet JL, Kassis N, Dombret MC,
Gibert C, Chastre J (2002) Role of
serial routine microbiologic culture
results in the initial management of
ventilator-associated pneumonia. Am
J Respir Crit Care Med 165:41–46

10. Chastre J (2005) Conference summary:
ventilator-associated pneumonia. Respir
Care 50:975–983

11. Wunsch H, Mapstone J, Brady T,
Hanks R, Rowan K (2004) Hospital
mortality associated with day and time
of admission to intensive care units.
Intensive Care Med 30:895–901

12. Morales IJ, Peters SG, Afessa B (2003)
Hospital mortality rate and length of
stay in patients admitted at night to
the intensive care unit. Crit Care Med
31:858–863

13. Arabi Y, Alshimemeri A, Taher S (2006)
Weekend and weeknight admissions
have the same outcome of weekday
admissions to an intensive care unit
with onsite intensivist coverage. Crit
Care Med 34:605–611

14. Chastre J, Luyt CE, Combes A,
Trouillet JL (2006) Use of quantita-
tive cultures and reduced duration of
antibiotic regimens for patients with
ventilator-associated pneumonia to
decrease resistance in the intensive
care unit. Clin Infect Dis 43 [Suppl
2]:S75–S81

15. Luyt CE, Chastre J, Fagon JY (2004)
Value of the clinical pulmonary infec-
tion score for the identification and
management of ventilator-associated
pneumonia. Intensive Care Med
30:844–852



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


