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ABSTRACT

The aim of this study was to evaluate the effect of modifying the cuff on preventing ventilator-associated pneumonia
(VAP). PubMed, Embase and Cochrane Library were systematically searched from inception to April 2022, for randomised controlled
trials (RCTs) that compared the effect of a new type of cuff intubation with traditional cuff intubation on VAP incidence and inten-
sive-care unit (ICU) mortality in mechanically ventilated patients. Nine RCTs with 1937 patients were finally evaluated. The pooled
results for the incidence of VAP showed that the modified cuff significantly decreased the morbidity of VAP compared with the tradi-
tional cuff (relative ratio (RR) = 0.73, 95% confidence interval (Cl) 0.56-0.95, p = 0.02). The subgroup analysis revealed that
polyurethane (PU) cuff (RR = 0.82, 95% Cl 0.46-1.48, p = 0.52), conical cuff (RR = 0.97, 95% CI 0.73-1.28, p = 0.82) and PU-conical
cuff (RR = 1.36, 95% Cl 0.85-2.18, p = 0.20) did not decrease the incidence of VAP. Moreover, the improved cuff combined with
subglottic secretion drainage (SSD) could significantly reduce the VAP incidence (RR = 0.58, 95% Cl 0.44-0.77, p = 0.0001). In
terms of ICU mortality, there was no statistically significant difference (RR = 0.83, 95% CI 0.68-1.02, p = 0.08) between the two
groups. The modified cuff is superior to the traditional cuff in VAP prevention. In particular, the modified cuff combined with

subglottic secretion drainage has more advantages.
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INTRODUCTION

Themechanicallysupported patientsfrequentlyacquireventila-
tor-associated pneumonia (VAP) in critical care units (ICUs).
Data of 2014 from the National Healthcare Safety Network
showed that the incidence of ventilator-associated events,
defined asinfection-related inthe ICU ranged from 2.0-11.9 per
1000 ventilator days."In the WHO Southeast Asian Region, the
VAP incidence fluctuated from 2.13-116 per 1000 ventilator
days.” VAP prolongs the duration of mechanical ventilation by
5.4-21.8 days, the length of ICU stay by 6.1-20.5 days, and the
length of hospital stay by 11.0-32.6 days.”® VAP has an
attributable mortality of 4.6%-13%."* A study speculated that
hypothetical eradication VAP could result in reduction in ICU
mortality of 1.7% by Day 10 and 3.6% by Day 60.° The hospitali-
sation cost for patients with VAP was higher than that for
patients without VAP.>**** Therefore, additional improvements
in preventive strategies are stillneeded to reduce theincidence
of VAPanditsnegativeimpact.
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Therespiratory tract loses its normal physiological structure as
aresult of intubation, and it is exposed to external factors that
damage the relatively sterile tract. Oropharyngeal secretions
enterthe lowerrespiratory tract through the space betweenthe
trachea and trachea intubation tube. Thus, VAP risk is
increased.” In the order to reduce the movement of secretions
downward, tracheal tube cuff seals off the trachea. In conven-
tional cuffs, polyvinyl chloride (PVC) is the typical material
which folds easily, creating channels for secretions to pass
through.”* In the recent years, modifying the design of endo-
tracheal tube cuffs has been an important intervention to
decreasethedangerofVAP.

The shape of the cuff has been improved from cylindrical to
conical. The principle of the conical cuffis that the tapered cone
is consistent with the diameter of the trachea at a certain point.
This may offer a zone of full tracheal sealing, preventing the
development of longitudinal folds and lowering microaspira-
tion.” The improvement of the cuff material is primarily due to
the use of polyurethane (PU). The thickness of the PU cuffis 7-10
pm, whichismuchlowerthanthatofthe PVCcuffthathasathick-
nessof 50-70 um.'® Thethinnerthe material, the betterthe fitto
thetrachea, andthelesslikelyitistoformfolds.

Studies in vitro have confirmed that cuff modification can effec-
tively reduce liquid leakage."”® Nevertheless, the clinical
studies have reported different results. Some previous studies
have conducted systematic reviews on tapered cuff and PU
cuff.?** However, there are several confounding factors such as
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subglottic secretion drainage and PU-conical cuffs, which may
increasetherisk of bias.

The aim of this study was to summarise the RCTs on improve-
ment of cuff and classify the types of cuff for determining the
effectiveness of amodified cuffinthe prevention of VAP.

METHODOLOGY

An in-depth literature search was conducted using Embase,
PubMed and Cochrane Library from inception to April 2022. A
structured search was conducted using medical subject head-
ings (MeSH) and entry terms, including endotracheal tube cuff,
tapered cuff, conical cuff, polyurethane cuff, conventional cuff,
pneumonia, ventilator-associated. The language of publication
was not restricted. In addition, references from reviews,
studies, and the internet were manually searched. An ethics
committee approval was not required. The protocol was added
to the International Platform of Registered Systematic Review
and Meta-analysis Protocols (INPLASY202250018).

Based on the PICOS criteria, participants (P) were mechanical-
ly-ventilated, critically-ill adults. Intervention (l) was PU cuff,
conical cuff, orothertypes of cuffs. Control (C) was conventional
cuff (HVLP cuff). Primary outcome (O) was the incidence of VAP
and study design (S) was randomised controlled trial (RCT). The
methods of pneumonia diagnosis and incidence measurement
were not restricted. Case reports, retrospective studies, obser-
vational studies, letters to the editor, animal studies, and
review articles were excluded. Whenever the two reviewers
disagreed, athird reviewerwas consulted.

The following data were independently extracted from each
study by two reviewers. This data included: author, publication
year, country, department, number of patients, the cuff typein
the experimental group, tracheal tube internal diameter, PEEP,
VAP assessment, cuff pressure, and other important clinical
outcomes. If further data were required, the trial authors were
contacted through e-mail. Discussion with a third reviewer
helpedtosettleany differencesinevaluation.

After finalising the selection of literature, two independent
reviewers assessed the quality of the literature according tothe
Cochrane Collaboration's method for assessing any bias. Seven
methodological criteria were used to evaluate the selected
studies. A funnel plot was not applied due to the low number of
studies.

The analysis of data was performed by using Review Manager
(Cochrane Collaboration, version 5.3). Mantel-Haenszel model
was usedto calculatetherelative ratio (RR)and 95% confidence
interval (Cl) for binary variables. I> and Chi-square tests were
used to assess the heterogeneity among studies, with an I
>50% or p <0.1 denoting significant heterogeneity. In cases
where heterogeneity was significant, the random effect model
was used; if not, the fixed effect model was used. To identify the
potential sources of heterogeneity, several sensitivity analyses
wereperformed. Avalueofp <0.05was consideredto bestatisti-
cally significant.

RESULTS

Four hundred and twenty related articles were screened based
onthedatabasesearch, 149 of which were excluded forduplica-
tion. After reading the title and abstract, 252 articles were
omitted. Ten articles were excluded based on full-text review.
Finally, the study included nine published RCTs with 1937
patients.”** The flow diagram illustrates the search and exclu-
sion criteria (Figure 1), and the study characteristics are
described in Table I. Three studies included multiple modified
types of cuff.?”*** To ensure the comparability of the data, all
modified cuffs that were different from the traditional cuff were
classifiedinto the experimental group.

Records identified through
database searching
(n=420)

A 4

Records after duplicates removed
(n=271)

A 4

Records excluded with
title and abstract
(n=252)

Records screened
(n=271)

Full-text articles excluded,
with reasons not RCT
(n=10)
Nonrandomized controlled

y

Full-text articles assessed

for eligibility * trails (n=6)
(n=19) No full text (n=2)
l Lack of essential data (n=2)

Studies included in
quantitative synthesis
(meta-analysis)
(n=9)

Figure 1: PRISMAflowdiagramshowing searchandselectionstrategies.

The outcomes of the quality assessment of studies were
inputted into the Review Manager software according to the
quality assessment judgement criteria, and the results are
showninFigure?2.

Nine studies reported the incidence of VAP. The VAP incidence
from 1134 patients with a modified cuff was compared with 803
patients with a conventional cuff. The pooled result for the inci-
dence of VAP revealed that the modified cuff significantly
decreased the incidence of VAP in comparison to the traditional
cuff (RR = 0.73, 95% CI 0.56-0.95, p = 0.02, Figure 3). A
subgroup analysis performed according to the type of cuff
showedthattheincidence of VAP was notreduced by PU cuff (RR
=0.82,95%Cl0.46-1.48, p = 0.52, Figure 4), conical cuff (RR =
0.97,95% C1 0.73-1.28, p = 0.82, Figure 5) and PU-conical cuff
(RR=1.36,95%Cl0.85-2.18, p=0.20, Figure 6) in comparison
to the traditional cuff. Interestingly, the improved cuff
combined with SSD could significantly reduce the incidence of
VAP (RR=0.58,95%Cl0.44-0.77,p=0.0001, Figure 7).
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Table I: Characteristics of studies included in the meta-analysis.

Studies Country Department No. of Tracheal tube Internal Cuff PEEP VAP Duration
patients type in diameter pressure assessment of follow-
experimental up
group
Deem S USA Medical-ICU 102 PU+conical 7mm/F, 7.5mm/M  25-30cmH,0 NR Definition of During ICU
2016 PU+conical+SSD CDC stay
Jailette E France Mixed-ICU 325 PVC+conical 7.5mm/F, 25cmH,0 >5cmH,0 Clinical, 28 days or
2017 8.0mm/M radiological, ICU
microbiological discharge
Lorente L Spain Mixed-ICU 280 PU+SSD NR 25c¢mH,0 NR Definition of During ICU
2007 CDC stay
Mahmoodpoo A Iran Mixed-ICU 96 PU+ 7-7.5mm/F, 25-30mmHg 5cmH,0 Clinical, During ICU
2013 cylindrical+SSD 8-8.5mm/M radiological, stay
PU+conical+SSD microbiological
CPIS
Mahmoodpoo A Iran Mixed-ICU 274 PU+Conical+SSD 7-7.5mm/F, 25-30 mmHg 5cmH,0 CPIS During ICU
2017 8-8.5mm/M stay
Monsel A France Mixed-ICU 109 PVC+Conical NR 20-30cmH,0 5.0-6.3cmH,0 Johanson 28days or
2016 criteria during
hospital
stay
Philippart F France Mixed-ICU 604 PVC+conical 7.5mm /F 25-30cmH,0 =5cmH,0 Clinical, During ICU
2015 and PU+conical or 8.0mm/M radiological, stay
Tunisia PU+cylindrical biological
Poelaert | Belgium Surgical-ICU 134 PU 8mm/F 20-26cmH,0 <6cmH,0 Johanson During
2008 Imm/M criteria hospital
stay
Shuhas P Indian Surgical-ICU 80 PU NR =25 cm H,0 NR CPIS During ICU
2016 Biological stay

DC, Centers for Disease Control and Prevention; CPIS, Clinically infection pulmonary score; F, Females; ICU, Intensive care unit; No, Number; M, Males; PEEP, Positive end-expiratory pressure;
PVC, Polyvinyl chloride; PU, Polyurethane; SSD, Subglottic secretion drainage; VAP, Ventilator-associated pneumonia.

Table II: Qualitative analysis of secondary outcome measures.

Studies Modified cuff and Duration of mechanical ventilation ICU length of stay Hospital length of stay

traditional cuff Statistics p-value Statistics p-value Statistics p-value
Deem S PU+conical 5.6+7.2 NS 7.7 NS 19.5 NS
2016 PU+conical+SSD 6.5+12.7 10.1 23.8

Traditional cuff 4.5+4.3 10.2 22.1
Jailette E PVC+conical NR NR 16(10-26) 0.28 NR NR
2017 Traditional cuff 14(9-25)
Lorente L PU+SSD 10.5+15.91 0.71 14.1+17.91 0.53 NR NR
2007 Traditional cuff 11.1+15.19 15.5+19.93
Mahmoodpoo A PU+cylindrical+SSD NR NR 18(12-33) NS NR NR
2013 PU+conical+SSD 17(13-31)

Traditional cuff 12(8-22)
Mahmoodpoo A PU+Conical+SSD 11.6%7.1 0.71 155 0.33 27.2+7.0 0.51
2017 Traditional cuff 12.3£10.5 18+10 29.5+7.0
Monsel A PVC+Conical 27.5(12-306) 0.46 9(5-20) 0.21 20(12-32) 0.91
2016 Traditional cuff 29(9-97) 7(4-14) 22(13-30)
Philippart F PVC+conical NR NR 9.5(5-17) NR NR NR
2015 PU+conical 12(6-19)

PU+cylindrical 10.5(5-18)

Traditional cuff 11.0(5-18)
Poelaert PU 19+13 0.22 35 0.87 16+9 0.53
2008 Traditional cuff 25+36 3+4 17+11
Shuhas P PU 4(3-7.5) 0.25 6(4-8.5) 0.04* NR NR
2016 Traditional cuff 6(4-8) 8(6-11)

NS, Not significant; NR, Not reported; PVC, Polyvinyl chloride; PU, Polyurethane; SSD, Subglottic secretion drainage. Continuous data are reported as median (interquartile range) or
mean (£SD). * p <0.05.

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

[l High risk of bias

| [ Low risk of bias [CJunclear risk of bias

Figure 2: The graph showing a risk of bias.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events _Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Deem 52016 19 66 10 36  95% 1.04 [0.54,1.98) —
Jaillette E 2017 33 162 38 164 14.2% 0.88[0.58,1.33] —r
Lorente L 2007 1 140 3140 9.6% 0.35(0.19, 0.68] B
Mahmoodpoor A 2013 13 64 1M1 32 9.0% 0.59(0.30,1.17) T
Mahmoodpoor A 2017 0 138 46 138 146% 0.65[0.44,097) —
Mosel A 2016 22 52 25 87 13.7% 0.96 [0.63,1.49] -
Philippart F 2015 63 405 14 129 11.4% 1.43(0.83,2.47) T
PoelaertJ 2008 14 67 28 67 11.4% 0.50(0.29, 0.86] ———
Suhas P 2016 6 40 13 40 67% 0.46(0.19,1.09] r
Total (95% CI) 1134 803 100.0% 0.73[0.56, 0.95] L 4
Total events 211 216
Heterogeneity: Tau®= 0.09; Chi*= 17.72, df= 8 (P = 0.02); F= 55% u o u=1 130 100’

Test for overall effect. Z=2.31 (P= 0.02) Favours [experimental] Favours [control]

Figure 3: Forest plot for the pooled results of the incidence of VAP.

Experimental Control Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H.Random.95% Cl M-H. Random, 95% CI
Deem 52016 10 32 10 36 23.7% 1.13[0.54, 2.35) -
Philippart F 2015 21 123 14 129 26.4% 1.57 [0.84, 2.95] T
PoelaertJ 2008 15 67 28 67 29.0% 0.54[0.32,0.91] ——
Suhas P 2016 6 40 13 40 20.8% 0.46[0.19,1.09] |
Total (95% CI) 262 272 100.0% 0.82[0.46, 1.48] -
Total events 52 65

it Tau?= - Chir= - - R= I 4 } !
Heterogeneity: Tau*= 0.24; Chi*=9.04, df=3 (P=0.03); F=67% b.01 DT1 1'0 100

Testfor overall effect Z= 0.65 (P = 0.52) Favours [experimental] Favours [control]

Figure 4: Subgroup analysis for the incidence of VAP; PU cuff versus conventional cuff.

Experimental Control Risk Ratio Risk Ratio
Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Jaillette E 2017 33 162 38 164 499% 0.88[0.58,1.33]
Mosel A 2016 22 52 25 57 315%  0.96[0.63,1.49)
Philippart F 2015 17 129 14 128 185% 1.21[0.63, 2.36)
Total (95% Cl) 343 350 100.0%  0.97[0.73, 1.28]
Total events 72 77

Heterogeneity: Chi*= 0.66, df=2{P=0.72),; F=0% . b

o b 0.01 01 1 10 100
Testfor overall effect. 2= 0.23 (P = 0.82) Favours [experimental] Favours [control]

Figure 5: Subgroup analysis for the incidence of VAP; conical cuff versus conventional cuff.

Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Deem 52016 10 32 10 36 383%  1.13[0.54,2.35]
Philippart F 2015 25 153 14 129 B1.7%  1.51[0.82,2.77]
Total (95% CI) 185 165 100.0%  1.36 [0.85, 2.18]
Total events 35 24

0.01 01 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi*= 0.36, df= 1 (P = 0.55); F= 0%
Test for overall effect: Z=1.28 (P = 0.20)

Figure 6: Subgroup analysis for the incidence of VAP; PU-conical cuff versus conventional cuff.

Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Deem 52016 9 34 10 36 96%  0.95(0.44,2.06) -
Lorente L 2007 11 140 31 140 306%  0.35(0.19,0.68] —
Mahmoodpoor A 2013 13 64 11 32 145%  059(0.30,1.17) -
Mahmoodpoor A 2017 30 138 46 138 454%  0.65(0.44,0097) i
Total (95% CI) 376 346 100.0% 0.58 [0.44,0.77] <&
Total events 63 98
Heterogeneity: Chi*= 4.15, df= 3 (P=0.25); *= 28% '0_01 071 1'0 100‘

Testfor overall effect Z= 3.79 (P = 0.0001) Favours [experimental] Favours [control]

Figure 7: Subgroup analysis for the incidence of VAP; modified cuff combined with SSD versus conventional cuff.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Deem 52016 19 66 10 36 8.5% 1.04 [0.54,1.98] -
Jaillette E 2017 42 162 47 164 30.8% 0.90(0.63,1.29] —a
Lorente L 2007 26 140 32 140 211% 0.81[0.51,1.29] —=
Mahmoodpoor A 2013 10 64 6 32 5.3% 0.83[0.33,2.09] /T
Mahmoodpoor A 2017 36 138 48 138 31.7% 0.75[0.52,1.08) —
Mosel A 2016 1 52 2 57 1.3% 0.55[0.05,5.87]
Suhas P 2016 1 40 2 40 1.3% 0.50[0.05, 5.30] S
Total (95% CI) 662 607 100.0%  0.83[0.68, 1.02] <
Total events 135 147
Heterogeneity: Chi*=1.28, df= 6 (P = 0.97); F= 0% #Dm 011 1#0 mn:

Testfor overall effect Z=1.75 (P = 0.08) Favours [experimental] Favours [control]

Figure 8: Forest plot for the pooled results of the mortality.
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Two studies did not report ICU mortality, and the remaining
seven studies reported ICU mortality.”®* The data of 662
patients in the experimental group and 607 patients in the
control group were available to compare ICU mortality. No
statistically significant difference was observed (RR = 0.83,
95% Cl 0.68-1.02, p = 0.08, Figure 8).

The statistical results of the duration of mechanical ventila-
tion, length of stay at ICU and hospital are summarised in
Table Il. Data consolidation was not done due to inconsistent
statistical methods of continuous data. Only one study
reported a statistical difference in the length of stay at ICU
between the two groups.” The remaining studies reported
no statistical difference in the duration of mechanical ventila-
tion and the length of stay at ICU and hospital.

DISCUSSION

The results of the combined data showed that cuff modifica-
tion could decrease the incidence of VAP. The heterogeneity
test result was I = 55%, p-value was 0.02. The reasons for
this finding are primarily two-fold. On one hand, the experi-
mental group had a larger sample size as compared to the
control group (1134 patients in the experimental group and
803 patients in the control group). On the other hand, four of
the nine RCTS used subglottic secretion drainage (SSD) in
the experiment. The number of patients using SSD
accounted for 33% of the total number in the experimental
group. SSD has been confirmed to be an effective measure
to prevent VAP.”*> As a result, a subgroup analysis was
performed based on the various cuff design types, which
revealed that compared with the conventional cuff, conical
cuff, PU cuff, and PU-conical cuff had no advantage in
reducing the incidence of VAP. However, the modified cuff
with SSD could reduce the incidence of VAP compared with
the conventional cuff.

Cuff modification is to increase the cuff's fit against the
tracheal wall and decrease secretion leakage above the cuff,
thus reducing the incidence of VAP. This meta-analysis
showed that compared to the conventional cuff, the conical
cuff, PU cuff and PU-conical cuff, did not reduce the inci-
dence of VAP. However, studies in vitro found that modified
cuff reduced the leakage around the tracheal cuff. The
previous opinion indicated that cuff modification is inade-
quate for VAP prevention. This study confirmed the opinion
with an accurate data. Similarly, the results of a recent
large-scale cohort study of 15,388 cases indicated that the
conical cuff was ineffective in preventing VAP.*

There are some possible reasons for these findings. One
potential explanation may be that there are still defects in
cuff modification. The conical cuff reduces the contact area
between the cuff and the tracheal wall,” and it can reduce
the formation of folds. This small contact area might lead to
cuff slippage, which cannot effectively prevent the secretion
from moving down. PU is one-tenth the thickness of PVC,"

which consequently reduces the formation of channels
between the tracheal wall and the cuff. However, because
of the chemical and physical properties of PU, this material
generates condensation, resulting in the presence of water
in the cuff, which would affect the airtightness of the cuff after
inflation and the accurate cuff pressure measurement.®
Another potential reason may be that several clinical factors
affect the airtightness of the cuff, including the cuff pres-
sure, positive end-expiratory pressure, peak inspiratory pres-
sure and even the mode of ventilation,””*® which are volatile
in a clinical practice. A meta-analysis indicated that contin-
uous cuff pressure monitoring could reduce the incidence of
VAP,* but this was not performed in the included studies.
Finally, it may be associated with the complicated pathogen-
esis of VAP. Critically-ill patients have various risk factors
associated with VAP, including the patient’s actual state,
diagnosis and treatment-related operations, and drug-re-
lated factors,*” which are not caused by a single element.
Further, biofilm formation around the tracheal tube
contributes to the development of VAP.***

Another subgroup analysis in this study showed that cuff
modification combined with SSD could effectively reduce the
incidence of VAP. Although cuff modification could reduce
the leakage of secretions, secretions would still accumulate
above the cuff and cannot be removed by oral aspiration,
possibly leading to bacterial colonisation. SSD could
promptly clear the secretions accumulated above the cuff.
This study indicates that the timely removal of secretions
accumulating above the cuff is an important approach for
preventing VAP occurrence. A latest meta-analysis on SSD
has shown that SSD can reduce the incidence of VAP and
mortality of ICU.”* Further research is necessary to explore
whether a difference exists in reducing VAP incidence
between the modified cuff and traditional cuff combined with
SSD.

Another low-volume, low-pressure cuff was identified during
the research but the studies were not included in the anal-
ysis. Several strategies are incorporated into the composite
system in order to prevent oropharyngeal secretions from
being aspirated. The strategies include the use of low-
volume, low-pressure cuff, a securing flange, a tracheal seal
monitor, multiple SSD ports, and a coated tube lumen.* Two
RCTs confirmed that the composite system effectively
prevented VAP occurrence in patients undergoing cardiac
surgery.”*® Because the composite system combines
multiple VAP prevention strategies, it is not easy to judge
the role of the low-volume, low-pressure cuff; hence these
two RCTs were not included in this study.

This study has some strengths. First, it included a large
number of trials and patients in the analysis. Secondly, this
study conducted subgroup analyses for different types of
cuff modifications. In the systematic review conducted by
Huang et al. on the tapered cuff, two studies used PU-conical
cuff combined with SSD, which reduced the credibility of the
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results on a tapered cuff. Third, through the sequential
subgroup analysis of this study, it can be observed that the
timely removal of secretions accumulated above the cuff is
the key measure to prevent VAP occurrence.

However, there are also several limitations in this meta-anal-
ysis. First, although this study conducted a detailed
subgroup analysis according to the design type of the cuff,
the sample size of the subgroup analysis was too small, espe-
cially of the PU-conical cuff, which was used in only two
studies. If further trials are conducted with large sample
sizes, the results may not support this study. Second, a
considerable heterogeneity exists among the included trials.
The targeted population showed significant variations. There
were differences in the definition of VAP, cluster prevention
measures for VAP, and the study designs. Therefore, these
factors may cause heterogeneity and have a potential
impact on results of this study.

CONCLUSION

This study examined the impact of changing the endo-
tracheal tube cuff on the prevention of VAP. It was observed
that improvements of the cuff could reduce the incidence of
VAP. The modified cuff would reduce the leakage of
subglottic secretions, and the SSD would timely remove the
secretions accumulated above the cuff. It is recommended
to use the modified cuff combined with SSD endotracheal
tube.

COMPETING INTEREST:
All authors declared no competing interests.

AUTHORS’ CONTRIBUTION:

YL, CZ, HZ: Contributed to the conception and design of the
study.

JB, MS: Contributed to acquisition, analysis, and interpreta-
tion of the data.

YW: Contributed to draft the manuscript.

All authors have approved the final version of the manuscript
to be published.

REFERENCES

1. Magill SS, Li Q, Gross C, Dudeck M, Allen-Bridson K,
Edwards JR. Incidence and characteristics of ventilator-asso-
ciated events reported to the national healthcare safety
network in 2014. Critical Care Med 2016; 44(12):2154-62.
doi: 10.1097/CCM.0000000000001871.

2. Kharel S, Bist A, Mishra SK. Ventilator-associated pneu-
monia among ICU patients in WHO Southeast Asian region:
A systematic review. PloS One 2021; 16(3):e0247832. doi:
10.1371/journal.pone.0247832.

3. Kollef MH, Hamilton CW, Ernst FR. Economic impact of venti-
lator-associated pneumonia in a large matched cohort.
Infec Control Hospital Epidemiol 2012; 33(3):250-256.
doi:10.1086/664049.

10.

11.

12.

13.

14.

15.

16.

17.

Jaimes F, De La Rosa G, Gémez E, Munera P, Ramirez |,
Castrillén S. Incidence and risk factors for ventilator-associ-
ated pneumonia in a developing country: Where is the
difference? Respiratory Med 2007; 101(4):762-7. doi: 10.
1016/j.rmed.2006.08.008.

Muscedere JG, Day A, Heyland DK. Mortality, attributable
mortality, and clinical events as end points for clinical trials
of ventilator-associated pneumonia and hospital-acquired
pneumonia. Clinical Infect Dis 2010; 51 Suppl 1:5120-125.
doi: 10.1086/653060.

Ashraf M, Ostrosky-Zeichner L. Ventilator-associated pneu-
monia: A review. Hospital Practice 1995; 40(1):93-105. doi:
10.3810/hp.2012.02.950.

Melsen WG, Rovers MM, Groenwold RH, Bergmans DC,
Camus C, Bauer TT, et al. Attributable mortality of ventila-
tor-associated pneumonia: A meta-analysis of individual
patient data from randomised prevention studies. Lancet
Infect Dis 2013; 13(8):665-71. doi: 10.1016/51473-3099
(13)70081-1.

Spalding MC, Cripps MW, Minshall CT. Ventilator-Associated
pneumonia: New definitions. Crit Care Clin 2017; 33(2):
277-92. doi: 10.1016/j.ccc.2016.12.009.

Steen |, Vansteelandt S, De Bus L, Depuydt P, Gadeyne B,
Benoit DD, et al. Attributable mortality of ventilator-associ-
ated pneumonia. Replicating findings, revisiting methods.
Ann American Thora Society 2021; 18(5):830-7. doi: 10.
1513/AnnalsATS.202004-3850C.

Forrester JD, Maggio PM, Tennakoon L. Cost of health care-
associated infections in the United States. J Patient Safety
2022; 18(2):e477-e479. doi: 10.1097/PTS.000000000000845.

Amin A. Clinical and economic consequences of ventila-
tor-associated pneumonia. Clinical Infect Dis 2009; 49
(Suppl 1):536-43. doi: 10.1086/599814.

Nseir S, Zerimech F, Jaillette E, Artru F, Balduyck M.
Microaspiration in intubated critically ill patients: Diagnosis
and prevention. Infec Disorders Drug Targets 2011;
11(4):413-23. doi: 10.2174/187152611796504827.

Young PJ, Rollinson M, Downward G, Henderson S. Leakage
of fluid past the tracheal tube cuff in a benchtop model.
British | Anaesth 1997; 78(5):557-62. doi: 10.1093/b-
ja/78.5.557.

Young PJ, Ridley SA, Downward G. Evaluation of a new
design of tracheal tube cuff to prevent leakage of fluid to
the lungs. British | Anaesth 1998; 80(6):796-9. doi: 10.
1093/bja/80.6.796.

Dave MH, Frotzler A, Spielmann N, Madjdpour C, Weiss M.
Effect of tracheal tube cuff shape on fluid leakage across
the cuff: An in vitro study. British | Anaesth 2010; 105(4):
538-43. doi: 10.1093/bja/aeq202.

Dullenkopf A, Gerber A, Weiss M. Fluid leakage past
tracheal tube cuffs: Evaluation of the new Microcuff endo-
tracheal tube. Intensive Care Med 2003; 29(10):1849-53.
doi: 10.1007/s00134-003-1933-6.

Kimijima T, Edanaga M, Yamakage M. Comparison of fluid
leakage across endotracheal tube cuffs using a three-di-
mensional printed model of the human trachea. J Anesth-
esia 2016; 30(3):510-13. doi: 10.1007/s00540-016-2138-9.

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(09):1050-1057

1055



Efficacy of endotracheal tube cuff modification in preventing ventilator-associated pneumonia

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Madjdpour C, Mauch ], Dave MH, Spielmann N, Weiss M.
Comparison of air-sealing characteristics of tapered- vs.
cylindrical-shaped high-volume, low-pressure tube cuffs.
Acta anaesthesiologica Scandinavica 2012, 56(2):230-5.
doi: 10.1111/j.1399-6576.2011.02542..x.

Li Bassi G, Ranzani OT, Marti D, Giunta V, Luque N, Isetta
VF, et al. An in vitro study to assess determinant features
associated with fluid sealing in the design of endotracheal
tube cuffs and exerted tracheal pressures. Crit Care Med
2013; 41(2):518-26. doi: 10.1097/CCM.0b013e31826a4804.

Lau AC, Lam SM, Yan WW. Benchtop study of leakages
across the Portex, TaperGuard, and Microcuff endotracheal
tubes under simulated clinical conditions. Hong Kong Med
2014; 20(1):7-15. doi: 10.12809/hkmj133930.

Huang WM, Huang XA, Du YP, Li LX, Wu FF, Hong SQ, et al.
Tapered cuff versus conventional cuff for ventilator-associ-
ated pneumonia in ventilated patients: A meta-analysis of
randomised controlled trials. Canadian Respir | 2019;
2019:7876417. doi: 10.1155/2019/7876417.

Maertens B, Blot K, Blot S. Prevention of ventilator-Associ-
ated and early postoperative pneumonia through tapered
endotracheal tube cuffs: A systematic review and meta-A-
nalysis of randomised controlled trials. Critical Care Med
2018; 46(2):316-23. doi: 10.1097/CCM.0000000000002889.

Saito M, Maruyama K, Mihara T, Hoshijima H, Hirabayashi
G, Andoh T. Comparison of polyurethane tracheal tube
cuffs and conventional polyvinyl chloride tube cuff for
prevention of ventilator-associated pneumonia: A system-
atic review with meta-analysis. Med (Baltimore) 2021;
100(9):e24906. doi: 10.1097/MD.0000000000024906.

Mahmoodpoor A, Hamishehkar H, Hamidi M, Shadvar K,
Sanaie S, Golzari SE, et al. A prospective randomized trial
of tapered-cuff endotracheal tubes with intermittent
subglottic suctioning in preventing ventilator-associated
pneumonia in critically ill patients. J Critical Care 2017;
38:152-6. doi: 10.1016/j.jcrc.2016.11.007.

Jaillette E, Girault C, Brunin G, Zerimech F, Behal H, Chiche
A, et al. Impact of tapered-cuff tracheal tube on microaspi-
ration of gastric contents in intubated critically ill patients:
A multicenter cluster-randomized cross-over controlled
trial. Intensive Care Med 2017; 43(11):1562-71. doi:
10.1007/s00134-017-4736-x.

Monsel A, Lu Q, Le Corre M, Brisson H, Arbelot C, Vezinet C,
et al. Tapered-cuff endotracheal tube does not prevent
early postoperative pneumonia compared with spheri-
cal-cuff endotracheal tube after major vascular surgery: A
Randomised controlled trial. Anesthesiol 2016;
124(5):1041-52. doi: 10.1097/ALN.0000000000001053.

Philippart F, Gaudry S, Quinquis L, Lau N, Ouanes |, Touati
S, et al. Randomized intubation with polyurethane or
conical cuffs to prevent pneumonia in ventilated patients.
Am | Respir Critical Care Med 2015; 191(6):637-45. doi:
10.1164/rccm.201408-13980C.

Mahmoodpoor A, Peyrovi-Far A, Hamishehkar H, Bakhtyiari
Z, Mirinezhad MM, Hamidi M, et al. Comparison of prophy-
lactic effects of polyurethane cylindrical or tapered cuff and
polyvinyl chloride cuff endotracheal tubes on ventilator-as-
sociated pneumonia. Acta Medica Iranica 2013; 51(7):
461-6.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Poelaert ], Depuydt P, De Wolf A, Van de Velde S, Herck |,
Blot S. Polyurethane cuffed endotracheal tubes to prevent
early postoperative pneumonia after cardiac surgery: A
pilot study. J Thoracic Cardiovascular Surg 2008; 135(4):
771-6. doi: 10.1016/j.jtcvs.2007.08.052.

Lorente L, Lecuona M, Jiménez A, Mora ML, Sierra A.
Influence of an endotracheal tube with polyurethane cuff
and subglottic secretion drainage on pneumonia. Am J
Respiratory Crit Care Med 2007; 176(11):1079-83. doi:
10.1164/rccm.200705-7610C.

Suhas P, Kundra P, Cherian A: Polyurethane cuffed versus
conventional endotracheal tubes: Effect on ventilator-asso-
ciated pneumonia rates and length of intensive care unit
stay. Indian | Anaesthesia 2016; 60(3):163-7. doi: 10.
4103/0019-5049.177871.

Deem S, Yanez D, Sissons-Ross L, Broeckel JA, Daniel S,
Treggiari M. Randomized Pilot trial of two modified endo-
tracheal tubes to prevent ventilator-associated pneu-
monia. Ann Am Thoracic Society 2016; 13(1):72-80. doi:
10. 1513/AnnalsATS.201506-3460C.

Klompas M, Branson R, Eichenwald EC, Greene LR, Howell
MD, Lee G, et al. Strategies to prevent ventilator-associ-
ated pneumonia in acute care hospitals: 2014 update.
Infec Control Hospital Epidemiol 2014; 35 (Suppl
2):5133-154. doi: 10.1017/s0899823x00193894.

Martini RP, Yanez ND, Treggiari MM, Tekkali P, Soelberg C,
Aziz MF. Implementation of the Taper guard™ endo-
tracheal tube in an unselected surgical population to
reduce postoperative pneumonia. BMC Anesthesiol 2020;
20(1). doi: 10.1186/s12871-020-01117-4.

Spapen H, Moeyersons W, Stiers W, Desmet G, Suys E.
Condensation of humidified air in the inflation line of a
polyurethane cuff precludes correct continuous pressure
monitoring during mechanical ventilation. / Anesth 2014;
28(6):949-51. doi: 10.1007/s00540-014-1849-z.

Jaillette E, Zerimech F, De Jonckheere J, Makris D,
Balduyck M, Durocher A, et al. Efficiency of a pneumatic
device in controlling cuff pressure of polyurethane-cuffed
tracheal tubes: A randomized controlled study. BMC Anes-
thesiol 2013; 13(1):50. doi: 10.1186/1471-2253-13-50.

Nseir S, Gaudet A. Continuous control of tracheal cuff pres-
sure and ventilator-associated pneumonia: Beyond agate
and Feng Shui. Chest 2021; 160(2):393-5. doi: 10.1016/
j.chest.2021.04.005.

Pitts R, Fisher D, Sulemanji D, Kratohvil J, Jiang Y,
Kacmarek R. Variables affecting leakage past endo-
tracheal tube cuffs: A bench study. Intensive Care Med
2010; 36(12):2066-73. doi: 10.1007/s00134-010-2048-5.

Nseir S, Lorente L, Ferrer M, Rouzé A, Gonzalez O, Bassi
GL, et al. Continuous control of tracheal cuff pressure for
VAP prevention: A collaborative meta-analysis of indivi-
dual participant data. Ann Intensive Care 2015; 5(1):43.
doi: 10.1186/ s13613-015-0087-3.

Wu D, Wu C, Zhang S, Zhong Y. Risk factors of ventila-
tor-associated pneumonia in critically lll patients. Front
Pharmacol 2019; 10:482. doi: 10.3389/fphar.2019.00482.

1056

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(09):1050-1057



Yanshuo Wu, Congcong Zhao, Meirong Sun, Jingjing Bu, Zhenjie Hu and Yanling Yin

41.

42.

43.

Gil-Perotin S, Ramirez P, Marti V, Sahuquillo JM, Gonzalez
E, Calleja I, et al. Implications of endotracheal tube biofilm
in ventilator-associated pneumonia response: A state of
concept. Critical Care (London, England) 2012; 16(3):R93.
doi: 10.1186/cc11357.

Fernandez JF, Levine SM, Restrepo MI. Technologic
advances in endotracheal tubes for prevention of ventila-
tor-associated pneumonia. Chest 2012; 142(1):231-8. doi:
10.1378/chest.11-2420.

Pozuelo-Carrascosa DP, Herraiz-Adillo A, Alvarez-Bueno C,
Afdn JM, Martinez-Vizcaino V, Cavero-Redondo I. Subglottic
secretion drainage for preventing ventilator-associated
pneumonia: An overview of systematic reviews and an
updated meta-analysis. European Respir Rev 2020;
29(155). doi: 10.1183/16000617.0107-2019.

44,

45.

46.

Young PJ, Pakeerathan S, Blunt MC, Subramanya S. A low-
volume, low-pressure tracheal tube cuff reduces pulmonary
aspiration. Crit Care Med 2006; 34(3):632-9. doi: 10.
1097/01.CCM.0000201406.57821.5B.

Gopal S, Luckraz H, Giri R, Nevill A, Muhammed I, Reid M,
et al. Significant reduction in ventilator-associated pneu-
monia with the venner-pneux system in high-risk patients
undergoing cardiac surgery: The low ventilator-associat-
ed-pneumonia study. Eur J Cardio-Thor Surg 2015;
47(3):e92-e6. doi: 10.1093/ejcts/ezu483.

Senanayake EL, Giri R, Gopal S, Nevill A, Luckraz H. Inci-
dence of endotracheal tube colonization with the use of
PneuX endotracheal tubes in patients following cardiac
surgery. | Hospital Infec 2017; 95(1):81-6. doi: 10.1016/
j.jhin.2016.09.007.

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(09):1050-1057

1057



