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Abstract

Background: Ventilator-associated pneumonia (VAP) is an important diagnosis in critical care. VAP research is compli-
cated by the lack of agreed diagnostic criteria and reference standard test criteria. Our aim was to review which refer-
ence standard tests are used to evaluate novel index tests for suspected VAP,

Methods: We conducted a comprehensive search using electronic databases and hand reference checks. The
Cochrane Library, MEDLINE, CINHAL, EMBASE, and web of science were searched from 2008 until November 2018.
All terms related to VAP diagnostics in the intensive treatment unit were used to conduct the search. We adopted
a checklist from the critical appraisal skills programme checklist for diagnostic studies to assess the quality of the
included studies.

Results: We identified 2441 records, of which 178 were selected for full-text review. Following methodological
examination and quality assessment, 44 studies were included in narrative data synthesis. Thirty-two (72.7%) studies
utilised a sole microbiological reference standard; the remaining 12 studies utilised a composite reference standard,
nine of which included a mandatory microbiological criterion. Histopathological criteria were optional in four studies
but mandatory in none.

Conclusions: Nearly all reference standards for VAP used in diagnostic test research required some microbiological
confirmation of infection, with BAL culture being the most common reference standard used.

Keywords: Ventilator-associated pneumonia, Diagnostics, Intensive care, Critical care

Take home message (2008 until 2018) and included high-quality studies
with low risk of bias.

1. This comprehensive systematic review assesses the 2. BAL culture is the most common reference standard

reference standard tests used to evaluate novel index used for VAP diagnostic in ICU and almost all refer-

tests for suspected VAP in ICU over 10 years period ence standards required some microbiological con-

firmation of infection.
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Background

Ventilator-associated pneumonia (VAP) refers to inflam-
mation of the lung parenchyma caused by infectious
agents acquired specifically while receiving invasive
mechanical ventilation [1, 2]. VAP is a preventable noso-
comial complication which potentially contributes to
avoidable mortality and morbidity [3, 4]. Therefore, it
is considered a clinically and epidemiologically impor-
tant measure of the quality of care [5, 6]. It contributes
to additional resource consumption, adding time and
expense to an intensive care stay, accounting for a large
proportion of all antibiotic prescriptions [7]. VAP is con-
sidered to be responsible for an additional cost of approx-
imately $40,000 per episode in the US [8, 9] and around
£9000 in the UK [10]. The contribution of an episode
of VAP to mortality is difficult to definitively ascertain
because of the high number and severity of confounders
amongst the at-risk population [4, 11-13]. This attribut-
able mortality has been reported from high to neutral or
near-neutral [11-13].

Throughout recent decades investigators have not
adopted a fixed set of criteria or a fixed definition for
VAP [14]. This lack of a reference standard has led to
an inability to make comparisons across study sets and
uncertainty about VAP incidence [15]. The incidence of
VAP varies widely in different studies depending on the
diagnostic criteria used, type of intensive therapy unit
(ITU), and patient population [16, 17].

Existing literature reports that the incidence of VAP
varies widely between 4.0% and 28.8% of the at-risk pop-
ulation [8, 18—24], with an event rate between 1.4 and
16.5 per 1000 ventilator days [1, 25-27]. As VAP rates
have become an important quality indicator, the Centre
for Disease Control and the European Centre for Disease
Control use their own precise case definitions to identify
VAP events [28, 29]. Both definitions return similar VAP
rates making them adequate for surveillance purposes
and benchmarking of critical care units internationally
[1]. However, due to the lack of concordance between
these two definitions, they do not make ideal reference
standards [1, 28], and further highlight the difficulty in
achieving consensus in diagnosing VAP. Microbiological
samples, especially quantitative culture of bronchoal-
veolar lavage (BAL), are considered to be integral to the
diagnosis of VAP [30, 31]. However, a systematic review
of diagnostic methods in 2008 found that microbiologi-
cal methods did not contribute to the accuracy of diag-
nosis over clinical criteria and all respiratory sampling
methods were equivalent [32]. The continuing lack of an
agreed reference standard hampers research into novel
diagnostic methods. The aim of this review was to iden-
tify what reference standards have been used in diagnos-
tic evaluation research for VAP.
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Methods

The protocol for this review was published in PROS-
PERO (International Prospective Register of Systematic
Reviews) under registration CRD42019125449 [33].

Search strategy

A comprehensive search strategy was developed by
one of the authors (BA). The Cochrane Library, Pub-
Med (MEDLINE), CINHAL, EMBASE, and web of sci-
ence were electronically searched from January 2008
until November 2018. We limited our search to stud-
ies published after 2008 following a comprehensive
systematic review of diagnostic methods [32]. Medical
Subject Headings (MeSH) and search terms were used
to interrogate the databases. The 3 concepts used for
the searches were VAP, diagnostics, and ITU (for search
terms see Additional file 1). No restriction on publi-
cation language was applied. In addition, electronic
searching of Google and hand searching through an
examination of the reference list of the published arti-
cles were also used to identify additional publications
(an example of MEDLINE search is provided in Addi-
tional file 1).

Review strategy

All records were independently reviewed by the lead
author (BA) and another author (PM or JG) and disa-
greement was resolved by a third independent adjudi-
cator (PM or JQG). Initially, titles and abstracts review
of all records, then full-text reviews were conducted
against the inclusion/exclusion criteria. Studies
included in the review fulfilled the following criteria:
(1) adult ventilated patients of any gender, (2) ITU set-
tings, (3) suspected VAP as defined in this study (after
48 h on the ventilator), (4) focused on the diagnostic
procedures of VAP (clinical markers, biomarkers, chest
x-ray, chest ultrasound (U/S), lung biopsy, BAL and
mini-BAL, protected specimen brush (PSB), blind PSB,
Endotracheal Aspirate (ETA)). Studies were excluded
from the review if they: (1) were animal studies, (2)
included patients under the age of 18 years old, (3)
focused on the surveillance of VAP, (4) compared the
diagnosis of VAP against another illness diagnostic, (5)
were feasibility studies, (6) included participants who
were already diagnosed with VAP, (7) investigated VAP
treatment effectiveness by monitoring biomarkers or
other diagnostics, (8) evaluated risk factors to predict
VAP, (9) were procedures used to predict the mortal-
ity in VAP, (10) were case-controlled studies. All papers
that passed the full-text review and those that had
some diagnostic technical terms were examined by an



Al-Omari et al. BMC Pulm Med (2021) 21:196

ITU clinician (THC) to confirm their clinical relevance
to the research question.

Quality assessment and data extraction

A team of 12 reviewers (systematic reviewers, clinicians,
methodologists, health economists) from the Univer-
sity of Northumbria, Newcastle University, The New-
castle Upon Tyne Hospitals NHS Foundation Trust, and
the University of Edinburgh were involved in the qual-
ity assessment and data extraction process. All included
papers were quality assessed and the data were extracted
by two authors independently. Any disagreement was
discussed between both reviewers in the first instance.
The further disagreement was resolved by a third
reviewer. The quality assessment scoring checklist was
adopted from the Critical Appraisal Skills Programme
(CASP) checklist for diagnostic studies [34], which is
one of the well-recognised methodological quality or
risk of bias assessment tools for primary and secondary
medical studies [35, 36] and has been used to assess the
quality of diagnostic studies in systematic reviews [37—
39]. The quality assessment scoring checklist contains
8 questions from the overall 12 questions in the CASP
checklist. Questions from section C in the CASP for
diagnostics checklist “will the results help locally?” were
not included in our scoring as the main aim of the review
was not related to the local application of the diagnostic
procedures. Studies were assigned a score of ‘1’ for each
item of the checklist if they were considered to meet the
aspect of this item and ‘0’ if not. A total score for each
study was calculated by summing the item scores. The
maximum possible final score was 8. Any study that
scored ‘0’ for the first or the second question or scored
less than ‘5’ out of 8 in total was excluded. According to
CASP guide for diagnostic studies, if the answer to ques-
tion 1 or 2 while critically appraising a study was “no’
then it is not worth continuing. That leaves 6 questions
out of the total 8 we used in our quality assessment. Tak-
ing in consideration that these questions are equally as
important but less important than the first 2 question, we
determined that a study must fulfil the quality of at least
half of these 6 points (score 3 out of 6) to be consider for
the review. Therefore, this threshold was derived through
reviewer consensus that studies scoring less than 5 out of
8 were not of sufficient quality to adequately address the
research question.

A standardised data extraction form was developed
by three authors (AJA, BA, THC) and reviewed by all
authors (for quality assessment and data extraction
form see Additional file 2). We recorded and present
study country of origin, study size, male: female ratio
or enrolled participants, index test(s) under investiga-
tion, reference standard used to define VAP, and test
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characteristics. Although test characteristics for the
index test are not relevant to the aims of this review, we
present them herein because several of the index tests are
also used as reference standards. Test characteristics are
taken directly from the studies or calculated using data
contained within the studies. Where multiple test char-
acteristics are presented in the original paper, we selected
those highlighted by the original authors or those which
reflect the comparison best, or those which indicate
the best performance. Where BAL was conducted, we
recorded the details of the lavage procedure.

A narrative data synthesis approach was used to report
the results from reviewed studies. Due to the large vari-
ation in practice, processes, and reference standards, a
meta-analysis of diagnostic accuracy was not conducted.

Results

Studies identified

The searches identified a total of 2441 articles. Records
that were not published in English were translated to
English using Google translator. 2263 articles were
excluded on the basis of title and abstract and a further
123 on the basis of full-text screening were excluded as
not clinically relevant to the inclusion criteria or meeting
at least one of the exclusion criteria, leaving 55 articles
for quality assessment (see Fig. 1 for PRISMA flow chart).

Quality assessment and data extraction

Of the 55 studies examined in the quality assessment
stage, 11 studies were excluded due to either scored ‘0’
for the first or the second question or scored less than
‘5’ out of’8’ in total score, leaving 44 studies included in
this review [40—83]. All scored were agreed by at least
two reviewers and reviewed by the principal investigator
(PI). The lowest score assigned to any included study was
‘5’ out of ‘8. Three studies scored 8/8, 24 studies scored
7/8, 11 studies scored 6/8, and six studies scored 5/8 (see
Table 1).

As expected, all papers suffered from bias in their
accuracy estimates of the index test from the use of
an imperfect reference standard comparison, a well-
known issue with comparative diagnostic accuracy
studies [84]. The results of the quality assessment
reviews conducted using the form adopted from CASP
diagnostic study checklist showed that five papers [51,
54, 57, 62, 82] suffered from verification bias: not all
patients received testing by both the index and the ref-
erence standard. In 38 papers [41-47, 49-53, 55-59,
61-68, 70, 71, 73—-82], the results of the index test could
have been influenced by the reference standard result.
This means that there was no evidence blinding or the
tests being performed independently. The VAP status
for all participants in the study was not clearly defined
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Fig. 1 PRISMA systematic review flow chart. Adapted from: Moher et al. [96]

in two papers [47, 65]. The methodology description
was not described in detail in three papers [40, 45, 82]
and the results of the study were not clearly presented
in five papers [46, 64, 67, 69, 75]. There was a lack of
certainty regarding the results of the study on 11 occa-
sions [40, 42, 43, 46, 58, 64, 65, 67, 68, 74, 75]. CASP
diagnostic study checklist guide was followed in assess-
ing all points.

The disagreement was solved through discussion
between both reviewers on 20 papers, and adjudication
of a third reviewer in one paper. Forty-three of the stud-
ies were cohort studies (38 of which were prospective
studies) and one was a secondary analysis of data from a
randomised controlled trial (RCT) [57]. All studies were
published between 2008 and 2018 with a wide geographi-
cal spread; four studies conducted in the UK [41, 44, 72,
74], eight in the USA [40, 45, 47, 50, 56, 62, 67, 75], seven
in France [51, 53, 55, 63, 70, 73, 78], five in Netherland
[48, 61, 66, 77, 79], three each in both China [52, 65, 68]
and Turkey [43, 46, 82], two each in Egypt [49, 76], Brazil

[54, 81], and Italy [71, 83], and eight in other countries
[42, 57-60, 64, 69, 80]. The median sample size was 180
recruited participants, with the 21 being the lowest [58]
and 2080 being the highest number of participants [61]
(see Tables 2, 3).

Reference standard

We did not consider enrolment criteria, including objec-
tive criteria for suspicion of VAP, to be part of the refer-
ence standard. Out of the 44 included studies, 32 studies
(72.7%) compared an index test with a sole microbiologi-
cal reference standard (see Table 2). One of these studies
did not define which of the studied tests were considered
index and which were considered reference [54]. Of the
remaining 31 studies, culture of BAL fluid was most com-
monly used as the reference test, forming at least part of
the reference standard in 26 (83.8%) studies [40, 41, 43,
45, 48, 49, 51, 55-60, 63, 65-67, 69, 70, 73-77, 79, 82].
BAL culture alone was the sole reference standard in 18
(58.1%) out of the 31 studies [40, 41, 43, 45, 49, 55, 56,
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Table 1 Quality assessment checklist scores

1.Was | 2. Was 3. Did 4. Could | 5.1s VAP | 6. Were 7. Were 8. Total
therea | there a all the status of | the the How Scor
clear comparis | patients | results the methods | results sure e
questio | on with get the of the tested for clearly are
n for an diagnost | test populatio | performi | presente | we
the appropria | ic test have nclearly | ngthe d? about
study to | te and been describe | test the
addres | reference | referenc | influenc | d? describe results
s? standard | e ed by din ?
? standar | the sufficient
d? results detail?
of the
referenc
e
standard
?
Albertetal. | v v X X v v v v 6
[57]
Anandetal. | ¥ v v X v v v v 7
[56]
Baldesi et v v v X v v v v 7
al. [55]
Carvalhoet | v v X v v v v v 7
al. [54]
Charles et v v v X v v v v 7
al. [563]
Chen et al. v v v X v v v v 7
[52]
Claveletal. | v v X X v v v v 6
[51]
Conway v v v X v \ v X 6
Morris et al.
[74]
Douglaset | v v v X v \ v v 7
al. [50]
Elmahalawy | ¥ v \ X v v v v 7
et al. [49]
Fujitanietal | ¥ \ \ X X v v v 6
[47]
Gediketal. | v v v X v v X X 5
[46]
Goldberg et | ¥ v \ X v X v v 6
al. [45]
Grover etal. | ¥ v v X v v v v 7
[44]
Guler et al. v v v X v v v X 6
[43]
Hashimoto v v v X v v v 6
et al. [42]
Hellyer et \ v v X v v v v 7
al. [41]
Jackson et v v v v v X v X 6
al. [40]
Jiao et al. v v v X X v v X 5
[65]
Jovanovic v v v X v v X X 5
et al. [64]
Jung et al. v v v X v v v v 7
[63]
Klompas et | ¥ v X X v v v v 6
al. [62]
Klein v v v X v v v v 7
Klouwenbe
rg et al. [61]

green tick=acceptable quality, red box =unacceptable quality

Page 5 of 19



Page 6 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

%01 =2adg
%08 = SU3S
S<SIdD
%991 =2>3dg
%08 = SU3S

9<SIdD
%G1 =22dg
%9/ = SudS
9<SIdD
%/ | =22dg
%08 = SUdS
£<SIdD TW/N4D ,01 <21N3N3 vg SIdD PaYIPOn 4 4 AqinL 32 REREPE D
%£9="2>3dS
906 = SUSS TW/N4D (01 <3133 vg Vg 40 ulels wein 0¢ 67 67T vSN [S¥] ‘|e 1 Biagplon
5000=d 080=> TW/N4D,01 <3UNYND Tyg IUIN TW/N4D (0L <uNYNd 13 vl 9 1g Aoyiny [o7] [e 19 41paD
(LT0-£10) TTO=>
%195 =2>3dS
%19 =SUdS TW/N4D,01 <2NND Tyg IUIW 21NN V13 4 §/S 95T VSN [£¥] |e 3 juenlng
(1 01 586'0) 996'0 = DD0OUNY
%001 =22dg
%/ '96 ="SU3S qw/N4D,01 <31N3Nd vy Vg Ul YSI13 € uixenuad o€ vSy ob 1dAB3 [6¥] '[e 13 Amejeyew3
%L6=23dS
%001 =Suas TW/N4D ,01 <24N3ND Ty IUIW Adodsoiu paiewoine g Ul Y/N S5 €g VSN [05] '[e 12 sejbnog
%t9=2>9dS
%16 = SUSS TW/N4D,01 <21N3Nd vy 8- pue g1-11 v Sl /S U SN [P2] 18 39 SO Aemuod
%996 =2>9dS
%81 £ ="SUdS
V13 Woij §¥odb
%1'/6="2>9dS W/N4D 401 <03
% 68 =SUsS qw/N4D ooﬁ <oalnl ycm_m>_jvw V13 Wou) W_UQU pue W
Tvg woy Yddb -N2 Y1310 TW/N4D ,0L <ANYNI VG /N4D,01 <03 IUS[RAINDS Tyg WOl YDdb l'e S9 0Tl adouel4 [15] 1233 |28
YN =2ads pJiepuels aduaiajal 10 1591 (Ivg pue Tygiuiu ‘y] 3) senbiu
YN =Ssuag X9PUl PISPISUOD SI YdIYyMm UoiusUW ON -U231 buljdwes 22143 Jo uosiieduwod I1V6S T |Izeig [17G] '|e 32 oy|eaied
%86 = uwo_m Amwhj 14<m_\mftmm_o_ @Emj LOU@ COZj:U COU@ COSS:U Louﬁ
%/ /6=SUSS 10§ P21DRIIOD) TW/N4D ,0L <INYNDTyg  P31D34I0dUN) TW/N4D ,0L <3INYND Vg €T S79 [Tl adouel4 [5S] |e 3o Isepleg
%96/ =23dS
%17y ="suds TW/N4D (01 <213 Tvg VG Ul YSITI L-W3YLS ! S1S S0l VSN [96] "[e 13 pueuy
(0¥ 0-1£0) 98 0=> Anuenb Aue
%g/=23dS  eus1oeq dluaboyied J0j NS 2NN
%t/ =SUSS aAlIsod (Tyg 40 1 3) o|dues aules v 10 V13 JaYua 4O ulels weis 67 685 S0/ epeue) VAN [=RERIE[Y
ones )y abeuesyy =u Anuno>
Aw_n_m AR

2I9YM |_AIIUI 3IUDPLUOD 9%G6) SINSIY

153) DUIRY

159} Xapu|

uone|ndod Apms

LERTEYETEN]

piepuels 93UaJaja4 [22160]0IGOIDIW B 01 1591 Xapul bulleduwiod saipnis g ajqeL



Page 7 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

LLY'0=D22040NV
ddd
8¥¥'0=22040NV
125d

%58 =22dS
%876 ="SudS
%688 =22dS
9%6'88 = SU3S
%001 =23dS
%Y 0G = SUaS
(208 =)
21n1n2 pakpjap sA ainjjn a1pipaLuLL|
%001 =23dS
9596 = SU3S
(D6 #) 24N3jN2 paADJAP SA 21N} N2 AIDIPAWIL]
%G/ =23dS
%16 = SUaS

%Y/ =22dS
%CS =SudS
D
%9 =22dg
%8S = SUdS
o
%1/ =22dg
%16 =SUdS
1od

%¢8="22dg
%EL=SUdS

%€ iy =23dS
%001 = Suas
(#S'0-5C0) ¥O=>
%0 = 22dg

%96 = SUSS
ainiin>
(€L0-5%0) 650=>
%19 ="2adg

%56 =SUS

uipls wbioy

swisiuebIOo Jejn|[adeiul Yim
$]192 9 <40 TW/N4D ,01 <3ININD Tvg

TW/N4D ,01 <2UNNd Tyg

W/N4D 01 < Buiysem
[eIyoU0Iq 40 TW/N4D ,0 1 <3INYNd Tvg

2JN1|Nd o1e
-IpawiW] I31e TW/N4D ,0L <3INYNd Tvg

TW/N45 ,01 <=21n3nd vy

qW/N4D 01 <24n3N3 vy
[eJo1elld—1vd

JW/N4D 01 <=1NN3 Tvg

TW/N4D (0L <=NYNS 13

44D pue 154 vg Y/N WN /1L VSN [£9] e 13 uassur

qw
/N4D,01 <(3gn1 ON 1> Buisn) Tvg uiw 0T w1z 0dXa [85] e 12 097
sBulysem [eyduoig 10 piny Tvg Jo YDdb 9T 59 9 p3I0Y [65] "€ 19 uomy

D, 08 — 18 9H6eI01S Ja1e pue D), 17 18 bk

-103S 4 7 1312 TW/N4D ,01 <UMnd Tyg 1z 79 zel esny  [09] ‘e 19 abuipiauy,
UIuoIP[e0I] Tvg I 19 /5 aduel [€9] e 1 Bunr
44D wnisg
971 Wnuds
1Dd wnias ol 8y 6 eulyd [59] e 12 oelf
[es21e)lUN—Tvg ge 4N} VSN [0%] "[e 30 uosyoer
8-l pue g1-11 v 67 €95 051 N (1] [e 12 JaA)1oH

(PayIDads asIMISY10 10U) Ty 4O V| J JO

24N1|ND JO UILIS WeID) SAIIRIULND-|ULS al Iy 1S ueder [v] '|e 19 orowiyseH

(31qepeae

2I3YM |EAIIUI DDUBPLUOD 9%G6) SINSIY

159} 9dUB.9j9Yy

ones )y abeuesyy =u A1uno>

1591 Xapu| uonejndod Apms S9DUIDYDY

(panunuod) g ajqey



Page 8 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

%¢ §8=2adS

G < 21025 UOIID3U| Aleuow|ngd

%508 =SsusS TW/N4D,01 <3433 13 uluold[ed01d pue Aydesboyd3 1sayD LT 95 1t ey [€8] le19 116e7
9%6€ =23dS
%09 = Su=S TW/N4D 01 <3IN3N3 g JW/N4D 01 <aINYNS V|3 €L0 Ll 6S Aospng (28] '[e 39 InpInwibei
swsiueblo Jejn|@oeaul Yim
(9£90-96%°0) 985040 DDOUNY  S|I92 %L <40 TW/N4D ,0L <=21NIND Tyg ¥SI13 01 uisroid |[9D eiepd vg a 885 961 SpuepdYaN  [6/] [e 19 usmnedsuen
%99 = 2ads
98 =SUsS
(0 <) ulpis wois {779
9%y =23dS
%C8 = SUoS
(pjoysaiy Aup) 21nind v/ 3
%7/ =22dg urels welio 47vg
9659 =SUdS SuISIueBIOo Jejn||a2eauUl Yim 2INND V13
uplswpeio L3 S92 %¢ <40 TW/N4D ,01 <24NHNS vg ulels wels v 3 dN dN  LLE SpUelRYIaN [£/] 71819 31j0YdS
9%0°€/=2adsg Swisiueblo Jejnjjaoeul Yyim
%8'SL=SUSS 5|92 9% <O TW/N4D ;0L <=1NIND Tvg Yiealq psjeyxe Ul 0N €C €19 001 spuelsyioN (8] 8 12 [2qeuyds
%¢9="2>9dS (4vdns ‘L-W3HLS HIW ‘sliydoinau
%9/ =SUsS qW/N4D 0L <=21nyn>1vg "1 0d d4D) 4oxsewolq s1sodwod Ty dN dN - 99 1dAB3 [9/] e 19 1eR)RY
%8 =23dg Swisiueblo Jejnjjaoeaiul yim
%59 =SUsS  S[|93 9% <I0TW/NHD ;0L <2INYNd Vg JW/N4D (0L <=unyNd V14 ya (9 £O0C SpuelsylsN [99] "[e 39 SINYpnO
(V13 4o ureis welb
%1y =22dg pue 91035 punoselyn bun| eluownaud
%18 =5U3S TW/N4D ,01 <31NYNd Tvg P31e1005Se-1018|13UdA) Welbe3-snida /€ 99 66 aouel [€/] |e 19 IpoBuUOYy
9%v¢=23dS dvAJo
%7/ =SU3S TW/N4D ,01 <21NYNd Tvg uoIdIASNS [eD1UI]D JO ABP (| | Dd WinJas T 09 ¥ aouel [0/] |e191AN7
YN =2ads
dN =suss JW/N4D 0L <=1NNd yg JW/N4D (0L <=unyNd 14 Ll €1/ €87  eunusbly [69] ‘e 19 BUNT
068'0=1UN02 |93 [e10] 4 (%) S|[92 P12y
268°0=(%) SNINd + (%) SlI92 p2123ju|
sig1ouwpind
D2160j01A2 JO SUOHDLUIQUIOD J10) DDOHNY
706'0= (%) SI|92 P=123ju]
LSS0="5(192 ISeN
685'0=s|iydourso3
50/ 0=>s|iydonnap UOI1BUIGUIOD Ul 1O UOIIe|OS|
18€°0 = sa1400ydwA Ul S92 pa1dajul s|j9d 1sew ‘sjiydoulsos
£1£0=sabeydoidew JejoaAly ‘sjiydosinau ‘sa1kooydwiA| ‘sebeydol
/£9°0=1UNod ||32 |e10| -DeW JBJO3AJR JUNOD |32 B0} Bulpn|dUl
$1232WDIDd [02160j0IAD SNOLIDA 10} DDOYNY TW/N4D,01 <31NYNd Tvg si912weled [e2160|014D Tyg SNoleA 4 €09 8¢ VSN [G/] |e 19 uassuI]
ones )y abeuesyy =u £A1uno>
(a19e)1eAR
949YM |BAIDIUI DDUSPLUOD %G6) SINSDY 159) 2dUdI3J9Y 1591 Xapu| uonejndod Apms SaDUIDYDY

(panunuod) z 3jqeyL



Page 9 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

899°0=DD0YNV N> 31£200na7
€0£°0=D2D04NV

SpPUNOS yieaiq [elyd
-uolq 1o sajel ‘esoudAydel ‘esoudsAp
pue ‘ybnod BuIUSSIOM IO 19SUO MU
‘(PUBWISP JO3B|IIUSA PISEIDU| IO
sjuawalinbal USBAXO paseadul ‘suon
-eIn1esap) abueydxa seb Bujuasiom
‘(s)usWl
-alinbas BujuonoNs paseainul Jo
SUON31Das Alojelidsal paseadul ‘winy
-nds 2y} Jo Ja1oeieyd 2y ul abueyd
e J0) wninds Juajnind Jo 195U0 Mmau
U212 Aipuow|ng
(9be Jo s1eak o/ ueyy
13p|0 S)Npe Joy) asned paziubodal
J3U10 OU UM ‘SN1es [elusw paidlfe
(WW/DGM 000'C L <10 (WW/DgM
0001 >3UN0D ||92 dUYM D, € <19Aa]
DLIRILD JIW3ISAS

a8 eua1Id Aleu
£€98°0=DD04NY  -Ow|nd OM]) pue DJWISAS U0 SM1d 1UN0d 914200N37
12d 'NDI =Yl 01 UOISSILIPE Jale Y 8 <YXD ddd
806'0=D2204NY uo (3|qeute|dxa asimiayio Jou) 12d
1S-+1dDS sa1elyjyul Areuownd juaisisiad maN 1S71QDSs Wnids [ 6/v 6§ eIqIas [#9] ' 13 DIAoURAO[
ABojolqoudIw sAIRHIU ol
pue 9> 31025 §|dD Se pauyapaid sem pue dy> Wnias pue ‘q |- pue g1 ‘|
%001 =23dS  dyA-UON ‘ABojoIqoDIW 4Tvg 3Amsod  -WIHLS 478 ‘gL LADW pUe [-AFH W
%688 = SU=S pue G <S|dD se pauyapaid sem ¢y Ol181 POO|q/7Yg 2100s Jaxlew / gl 65 16 AN [7¥] e 12 49n0ID
pooiq
%06/ =22ds wo1} painynd eu1deq dlusboyred
%0C/=SU9S 1O 4+ 3In}Nd [eLR1DB] UsWIDdS
SlgD>  wninds Jo uonelidse didodsoyouoiq
0S5 /8="2adg IMOJ9G WY Y1 JO AUY (€) ‘wninds
%009 =SU3S usnINd 17/01 X $>10 0| <IUNOD
10d 914200N3] 1D, 9€ UBY1 $59] 4O D, 8E
0¢'8G6 =2ads uey1 210w ainyesaduwal :swsl SEs)
9089 = SUSS MO|9Q OM] 15B3| 1Y (7) ‘Bun| ay3 ul 44D winiss
dyD  SMOPRBYS SAISEAUI MU IO JUS1SISISd (1) 12d wniss Sl ¥S 6% eulyd [¢S][eas usyd
BLISHUID SYIS
z1ses| 1e () 'syuiod 9 < S|dD (€) w
%€£8=22dS /N4D (01 <2N3Nd 13 (¢) ‘Aes-x I1s3yd (uondsjul [esiuld
%79 ="SU3S 3U31 U0 a1esyul bunj mau (1) Jo ||y 4o uoIdIdsns 15y Jo Aep) | Dd WnIaS €7 I'l9 06 ouel [€5] '|e 19 sapeyD
ones y:)y abeuesy =u Anuno>

(319eteAe a19Yym
S|eAIDIUI DIUSPYUOD %G6) SINSAY

1591 dULI4RY

1593 Xapu|

uonejndod Apms

ETIEYEIEN]

piepUR)S 92UB19j21 9}IsOdWOD e 03 1591 Xapul bulledwiod salpnis € ajqer



Page 10 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

001 =22dg
G6 =5SUs§
%86 = 2dS

(dVA piepuels 2oua49)2)
2)uyap 10 3|qeqoid 10j) %77 = Suas

(8007) uoniuysp >AD
((1e41dse Jo aunynd
aAIIsod ‘ewaAdwa JI YO (24n3nd
3Nssi 3AIIsod pue UoIeIIuUSdUOD
NWd Ylm ssadsqe) eluownaud jo
92UapIAD dIbojoyredolsly ‘euaAdwa
10 559250e Bun| Jo aouspIAd d1ydelb
-0IpeJ YO uolsnya |einajd Jo uon
-B]IARD ‘UOIIBPI|OSUOD ‘Sa1eJ1|yul
9AI5$91601d 10 MU ‘9 < S|dD) anuyad
(21n3n> Aemuie wolj
pa1e|os| os|e usboyied Yim ainynd
poo|q aAnisod YO TW/N4D (0L <3in
=N3> gSd 10 TW/N4D ,0L <21N}nd>
Tvg ‘uoisnys [eanajd 1o uoneARD
‘UOIePI|OSUOD ‘Sa1BIIYUI DAIS
-sa1b0.d 10 MaU ‘9 < §|dD) 2/9Pqoid
(1e41dse didodsoyd
-u0Iq 0 | 3—Ssuoi12129s Aloreiidsai
WOl 34N} ND SA1IEIIUBND-IWSS
‘uoleuluexa d1ydesbolpel uo saln
-l[ewlIouqe snoignp ‘9 < §ldD) 9/qissod
dVAS1UYsp
pue ‘31qeqo.d ‘9|qissod o1ul PapIAIP
BLI911ID 9DUB|[I9AINS [BD0] BUSIXT

(€ 10z UOIIUYIP 3dUB||IBAINS

AD Jo Josindaid) piodal Jusied

21UO1D3|3 JO WiLLOBe dAI1I3(O

(£107) UOIUYSP 3DUE||ISAINS DD

Sl €55 65Y VSN

[z9) | 12 sedwoly|

9l C9 080T SPuelsyIaN [19] ‘|2 13 B1aquamnopy ula)y

(a1gereae asaym
S|eAIDIUI DDUSPLYUOD %S6) SINSAY

159) 90UD49j9Y

1591 Xapu|

ones iy abe ueapy

=u A1uno>

uonejndod Apms

EaIVESETE)]

(panunuod) € ajqey



Page 11 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

PeO [BJIA JURUILIPIUODUOU JURDYIUDIS
Jo/puew/N4D ,01 <2INYN31vg ¢

anvy
'SUOIIRID3S [IYDUOIGOSYDRI] JUSNINg D

10/pue [WW/s||33 000t > 10
0007 L <IUN03 s||92 POOIq SHYM q
"), 8€ <aineladwal Apoq [eusiul e

:Buimoyjoy sy jo

9609 =22dS  OM]15e3| 18 YUM PI1RIDOSSE S91e|Yul
%76 =SUaS olydesborpel ua1sisiad pue maN ‘|

Aljewouge
ydesbojpel 1sayd Bujule|dxs aseasip
Jay10 ou yum Adeisyi dnjoignue a1e

-lidoidde yum uonnjosal a13|dwod ()
HO Adelayi ono
-gliue 01 papuodsal pue ‘SuoiRId3S
10e11 A1031RJIdS31 J9MO]| PUR UOISNYS
[eana(d Jo $21n3ND Wiou) pa3ejos| SWisl
-UeBIO0IDIW SUIES 31 PUR ‘UOISNYD
[eanajd ayi Jo ainind aAIsod (1)
4O Adesayy
JpoIgiue 0} papuodsal Yum paje
-1D0SSe UBDS | D) IO WY ARI-X 159D UO
91eJ1jyul bun| ay jo uonelred pidei ()
4O Adeisayi dnoignue 03 papuodsal
pue qw/N4D ,01 <=uMIN21vg (0)
4O Adod
-S0U2U0Iq JO SABP / UIYLIIM PaWIO)
-1ad sisoubelp |esibojoyredosiy (1)

%EE88=22dS
% | 76 =SUaS

¢ uixenuad piny vg

swsiueblo Jejnjiadenul Iydoanau Tyg

9¢ 65 78 ey

Sl 919 9l eulyd

[L/] 233 Unep

[89] e NN

(a1gereAe asaym

S|eAISIUI BDUSPLYUOD %S6) SINSAY 1591 dUBISSY

1591 Xapu|

ones iy abe ueapy

=u A1uno>

uonejndod Apms

EaIVESETE)]

(panuNUOd) € djqey



Page 12 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

% ¥8="22dS
%< ¥6 = SU3S
2100S IWAdY
%€ 18 =2adS
%L /Y ="Su3S
(4012 9407) JUN0d
J1YdouINau SAIDJaI PaUIQUIOD 9 < SdD
%€ 18 =2adS
%9'£9="SU3§
@O 1mno &QQ unoo \.:\\Qotzm:
2AIIDJa] Y1IM PauIqUIOD DIINLID UasUubyof
9%/ '€/ =2adS
%679 = SUSS
9<SIdD PayIpony
%, '€/ ="22dS
%/ G8="SU3S
D12]110 Uasubyor

(5107) uoniugsp DAD

qW/N4D ;0L <=

-IN2 1340 “TW/N4D ,01 < i
-|N> g ‘sa1enjyul aAissaiboud

10 mau buimoys ydeibolpes 1sayd
/501 X ¥ UBYL 53] 40 1/,0L X 01
Uey3 3Jow $31400%N3| D, 9€ eyl

21035 INAdY (S
unod |yd
-0JIN3U DAI1R|2I PAUIGUIOD 9<S|dD (1
1UNO2 |IydoiInau aAne|l
UM PaUIqUIOD BI1IID USSURYOS (€
434 9 <SIdD PaYIPO (T
‘eI Uasueyor (| €l 7L S EBELY)

[08] [2 13 sosjiuIaA

YN=29dG  $59]0 D, 8¢ Uey1 20w ainjeladulal (1 6DSNH) SIsAjeue

YN =SUag Apog ‘wninds |eryouoiq usjnind Aelleodiw YNQ awoidudsuel] pooiq UN /08 /L aduel [8/] '[e 19 SLOIX3]

92U3PIAS [BDI600ISIY

pue ‘92uapIA3 | D “ABojoiqoidiul piny

[eana|d yam uonounfuod uj uolep

-]|OSUOD PUB ‘SI||0IYdUOI] ‘SII|j0dA[R

21jiydosinau Jo 32UPIAS [ed1H0oj0ISIY

10/pue a1nynd piny jeina|d sAisod

‘1enjyul buneiaed Ajpides e Jo adusp

-1n2 Aydeiboulol painduwiod ‘syusw

-alinbai usbAxo buisealoul yum

‘SUOID3S [eIYDUOIGOaYdel) Jus|nInd

1/60L X #>10 7| <IUN0D ||90 SUYm

%/ €€=23dS D, GE>10 D), 8¢ <alnjesadwal :bul

%9y =SUsS  -MO||0f 9yl JO ¢ Ise9| 18 pue N3] 9y}

(E| Ul SAep {7 UBY3 210W 10} PI3R|IUSA

%0'€8=2adS AjjedlurydaW S1ualed ul asned SNOIAGO

%19 ="SUsaS 19430 1IN0

Vg -Yum salejyul yx O anissaiboid/maN y01 <2INN37yg 10 0L <=INNd 13 Gl €79 0§51 AN [¢£] 71819 projpay
ones )y =beuesyy =u A1uno>
(91ge|IeAR 313YyM

S|EAIDIUI DOUIPYUOD %G6) S} NSAY 1591 9dUdI3YDY 1591 Xapu| uonejndod Apms ERTEIETEN|

(panunuod) € ajqey



Page 13 of 19

(2021) 21:196

Al-Omari et al. BMC Pulm Med

uoissasddnsounwiw ‘UOIR|IFUSA [eDIURYISW JO UOIRRIND ‘SUOI3R129s Judjnind ‘Uoissai60id [ediBojoIpes :2103S INAdY o

%001 =23dS

qw/N4d,01 = <aun

96L€ =SUsS -|N3 Tygiuiw pue / <S|dD (€107) uoniuysp DAd dN 4N 891 lizeig (EINERER DI
ones )y abeuesyy =u Anuno>
(31qe1eAR 219YyMm
S|eAIS}UI BDUSPYUOD 9%G6) SHNSAY 1593} dUBIY 1591 Xapu| uonejndod Apnig ERIIESETEN]

(panunUOd) € 3jqey



Al-Omari et al. BMC Pulm Med (2021) 21:196

58, 60, 63, 65, 69, 70, 73-76, 82]. Where used, the BAL
culture threshold for positivity included>10 CFU/mL
[76],>10® CFU/mL [56], > 10* CFU/mL [40, 41, 43, 49, 55,
58, 60, 63, 65, 69, 70, 73-75, 82], and > 10° CEU/mL [45].
Three studies using BAL culture > 10* CFU/mL added an
additional stipulation on BAL culture results: one requir-
ing correction of microbial growth for plasma to BAL
urea ratio [55], one requiring that lavage was bilateral
[40], and one specifying culture took place immediately
after lavage [60]. BAL culture was used in combination
with another criterion regarding assessment of BAL on
an additional eight occasions out of the 26 using BAL
(30.8%); five out of these eight (62.5%) BAL culture
or>2% lavage cells containing intracellular organisms
[48, 66, 67, 77, 79], one out of the eight (12.5%) BAL cul-
ture or bronchial washings culture (>10° CFU/mL) [59],
and two out of the eight (11.1%) BAL culture or ETA cul-
ture (>10° CFU/mL [51] or no threshold specified [57].
On the remaining five out of 31 (16.1%) occasions where
BAL culture was not incorporated into the microbio-
logical reference standard, three studies used mini-BAL
culture > 10* CFU/mL [46, 47, 50], one study used ETA
culture>10° CFU/mL [42]m, and one study used ETA
culture > 10* CFU/mL [83], as sole reference standards.
Table 3 summarises the remaining 12/44 (27.2%) stud-
ies which compared an index test to a composite refer-
ence standard or clinical scoring system [44, 52, 53, 61,
62, 64, 68, 71, 72, 78, 80, 81]. An iteration of the CDC
VAP definition was used in two out of the 12 studies
(16.7%), one using the 2008 iteration for surveillance of
VAP [62] and one using the 2015 iteration for surveillance
of VAP (80]. One additional study [64] used a composite
reference standard almost identical to the 2008 iteration
of the CDC VAP surveillance criteria. The 2008 itera-
tion of the CDC surveillance criteria does not include
any microbiological assessment of respiratory samples,
and non-culture methods or histopathology may sup-
plant microbiological culture in the 2010 and 2015 iter-
ations of the CDC surveillance criteria [28, 62, 85]. For
the remaining nine studies; four out of the nine (44.4%)
explicitly incorporated the clinical pulmonary infection
score (CPIS) into a wider set of criteria [44, 53, 61, 81].
Seven out nine (77.8%) incorporated radiological assess-
ment [52, 53, 64, 68, 71, 72, 78], eight out of nine (88.9%)
incorporated additional clinical signs and symptoms [44,
52,53, 61,71, 72,78, 81] either as part of an existing scor-
ing system such as CPIS or de novo, and all nine studies
(100%) incorporated some microbiological assessment
into the combined reference standard [44, 52, 53, 64,
68, 71, 72, 78, 81]. In seven of those nine studies (77.8%)
positive microbiology was a mandatory criterion for VAP
diagnosis [44, 52, 53, 64, 71, 78, 81], and in two of those
nine (22.2%), positive microbiological cultures were an
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optional criterion for VAP diagnosis [68, 72]. Amongst all
included studies microbiological assessment did not form
any part of the mandatory or optional criteria for VAP
diagnosis in only two studies [62, 64], diagnosis of VAP
included an optional microbiological assessment com-
ponent in another two studies (i.e. VAP diagnosis could
be made without recourse to microbiological assess-
ment) [68, 72], and in 39 studies microbiological assess-
ment was the sole or a mandatory component [40-53,
55-60, 63-71, 73-79, 81-83]. Four studies incorporated
an optional histopathologic element into the reference
standard [61, 68, 72, 80], but it was mandatory in none.

Out of all 44 included studies, 37 (84%) incorporate
BAL in either the reference standard or index test [40—
51, 54-60, 63, 65-79, 81, 82]. Twenty two studies (50%)
included a precise lavage procedure in the methodol-
ogy [40, 41, 43, 45, 48, 51, 55-58, 60, 63, 66—69, 71, 72,
74-76, 82]. Of these, 14 described an initial discard of
aspirated fluid, considered to be uninformative bronchial
fluid [40, 41, 43, 51, 57, 58, 60, 63, 68, 69, 71, 72, 74, 82].
The median volume of instilled fluid used to generate
the discarded fluid was 20 mL (range 20 mL to 50 mL).
The median total volume of instilled fluid (including
that intended for discard) was 150 mL (range 80 mL to
200 mL).

Discussion
To the best of our knowledge, this is the first and most
comprehensive systematic review aiming to evaluate the
reference standard tests used to evaluate novel index tests
for suspected VAP since the publication of Rea-Neto and
colleagues systematic review of diagnostic methods in
2008 [32]. We reviewed papers comparing a novel index
test against a chosen reference standard to identify what
reference standards have been used in diagnostic evalua-
tion research for VAP. To deliver a high-quality system-
atic review, we excluded papers with a high risk of bias
and all papers included in this review fulfil at least 5 out
of the 8 criteria we included from the CASP checklist.
The microbiological culture was the sole or a compo-
nent criterion in the vast majority of studies. Overall,
the culture of BAL fluid was the most common refer-
ence standard, with the most common growth threshold
being >10* CFU/mL. This was occasionally used in com-
bination with another reference standard, such as the
demonstration of BAL cells with intracellular organisms
exceeding 2% of the total number of cells. Composite ref-
erence standards incorporating a variety of existing clini-
cal scores, existing surveillance definitions, radiological
assessments, clinical parameters, and microbiological
methods including culture were used in the remain-
ing studies. A large variation in practice, processes, and
reference standards were detected, highlighting the
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inconsistency in the current diagnosis of VAP and mak-
ing a meta-analysis of diagnostic accuracy challenging.
Biological, clinical, and statistical heterogeneity makes
comparisons across the different studies difficult and
subjective. We display a variable and generally good qual-
ity of the papers, and the review provides an indication
of what has been and is being done in this area globally
with respect to the use of reference standard in the diag-
nostics of VAP. The line between composite criteria and
a sole microbiological criterion was often blurred. Many
studies in the sole microbiological criterion group had
strict objective clinical and radiological enrolment crite-
ria. Where these criteria are applied pre-enrolment and
therefore applied to both index tests and reference stand-
ards we have not incorporated them into a description of
the reference standard.

A key question in diagnostic accuracy research when
reference standards are imperfect is whether the refer-
ence standard used to assess novel diagnostics should be
‘more inclusive’ (higher sensitivity, lower specificity) or
‘less inclusive’ (lower sensitivity, higher specificity). Using
microbiological criteria alone exhibits good face validity
but risks missing cases of ‘true VAP’ or including false
positives through contamination (although prior speci-
fication of clinically suspected VAP reduces this risk).
Importantly, both possibilities are potentially strongly
influenced by operator technique/expertise, especially
for BAL; this contrasts with diagnostics reliant on blood
sampling or imaging. BAL culture was the most com-
mon microbiological method found in this review. The
use of BAL culture is potentially problematic for sev-
eral reasons. Firstly, in a recent systematic review, when
compared to the reference standard of histopathological
examination of lung tissue, BAL culture had a sensitivity
of 71.1% and specificity of 79.6% [86] echoing previous
findings that microbiological examination does not cor-
relate well with histopathological examination [32]. Sec-
ondly, the timing and nature of prior antibiotic therapy
may adversely affect sample positivity [87, 88], although
this problem is conceivably solved by incorporating a
criterion addressing percentage of host cells contain-
ing invading organisms, a measure not affected by prior
antibiotic therapy [75]. Thirdly, the BAL procedure itself
is not standardised, and the requirements for sample
collection are not uniform. Whilst this may have little
impact on bacterial growth, a fact confirmed by one of
the included studies [55], the variety of studies that uti-
lised bronchial discard may plausibly lead to a variety in
sensitivity at detecting the causative pathogenic organ-
ism. Sole microbiological criteria also risk introducing
cases of ‘false VAP’ through contamination [87], although
this risk is reduced by using distal or protected speci-
mens. Of relevance, the quality and consistency of BAL
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procedures are likely to be higher in studies than during
routine clinical practice, which could further influence its
validity.

Using composite criteria may conceivably address the
problem of missing cases of ‘true VAP, and the number or
thresholds of additional criteria is not limited. Additional
criteria can be made mandatory to increase specificity
or made optional to increase sensitivity. Some studies in
this review rely on existing surveillance definitions for
VAP or use their own composite standards. The exist-
ing surveillance definitions were designed to objectively
and reproducibly monitor VAP rates not to identify true
VAP in a robustly sensitive and specific manner, although
as a quality indicator face validity amongst clinicians is
important. Other composite studies incorporated radio-
logical assessments into the reference standard. It has
been shown that chest x-ray changes are not considered
integral to the diagnosis by many clinicians [89], that the
performance characteristics of chest x-ray may not meet
the requirements as a diagnostic standard [90-92], and
that inter- and intra-observer variability is high in chest
x-ray assessment [93, 94]. These issues mean that incor-
poration of radiology into any novel reference standard
should be undertaken with caution. Many studies incor-
porate clinical signs which plausibly reduces the risk of
false positives, and although this makes physiological
sense there is minimal evidence to support this. Klompas
et al. showed, in the development of the novel CDC VAP
surveillance algorithm, that deterioration in oxygenation
after a period of stability was associated with clinically
important outcomes but the addition of other clinical
measures such as abnormal temperature, abnormal white
blood cell count, or purulent secretions was not [95].
However, a lack of correlation with clinically important
outcomes is not the same as a lack of correlation with
a true diagnosis of VAP; this issue is relevant when the
decision based on the test relates to a therapy (antibiotic
use) rather than prognosis.

No studies relied upon histopathological diagnosis of
VAP to confirm the diagnosis. This is not surprising for
practical reasons: it cannot be routinely and safely under-
taken in all patients with suspected VAP either at the
time of the index test or later. Histopathological analysis
may also be inaccurate due to sampling artefacts, the lack
of representation of a small piece of tissue, and displace-
ment in time from the period of peak infection. It is not
possible to provide certainty about the appropriate refer-
ence standard in diagnostic evaluation research for VAP
following this systematic review, which simply identifies
the methods chosen by researchers and confirms the lack
of a standardised approach. Researchers must decide
whether it is more important to be ‘more inclusive’ or
‘less inclusive, and future comparisons may wish to
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employ the strategy deployed by one of the studies in this
review [61]: using a graded certainty of VAP from pos-
sible to probable to definite using a composite definition.

There are three main limitations to our review. Firstly,
in order to be diagnosed with VAP, a patient must be
at risk of VAP, and there is no standard definition for
patients at risk. For the purposes of this study, we defined
those at risk of VAP as those who have undergone more
than 48 h of mechanical ventilation. Secondly, many
included studies enrolled only patients with suspected
VAP, and this means many listed reference standards
must be prefixed with “clinically suspected VAP” This
level of clinical suspicion was not systematically collected
by us. This is particularly noteworthy in considering the
reference standards listed in Table 3. Thirdly, although
data extraction for this review was completed before the
impact of Coronavirus Disease 2019 (COVID-19), the
pandemic nonetheless interfered with the delivery time
of this review.

Conclusion

BAL culture with a microbiological growth threshold
of>10* CFU/mL is the commonest reference stand-
ard used to examine the utility of a novel index test for
VAP amongst patients who are at risk for and clinically
suspected of VAP. Composite reference standards were
used in approximately 25% of reviewed studies. Nearly
all reference standards for VAP identified in this review
required some microbiological confirmation of infection.
The studies identified in this review highlight the need
for a standardised approach to diagnosis VAP which may
include the development of a data-driven composite ref-
erence standard from large cohort studies.
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