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ORIGINAL ARTICLE

Efficacy and airway complications of Parker Flex-Tip tubes
and standard endotracheal tubes during airway

manipulation

A meta-analysis and trial sequential analysis

Kuo-Chuan Hung, Jen-Yin Chen, I-Jung Feng, Min-Hsien Chiang, Shao-Chun Wu, I-Wen Chen,
Yao-Tsung Lin, Ying-Jen Chang, Zhi-Fu Wu, Hsiao-Feng Lu* and Cheuk-Kwan Sun™

BACKGROUND Despite reported superior intubation out-
comes associated with Parker Flex-Tip (PFT) tubes com-
pared with those associated with standard polyvinylchloride
tubes, the efficacy and safety of PFT tubes remain uncertain.

OBJECTIVES To compare the intubation outcomes between
PFT and conventional standard polyvinylchloride tubes.

DESIGN Meta-analysis of randomised controlled trials.

DATA SOURCES Embase, Medline, Google Scholar,
PubMed and the Cochrane controlled trials register from
inception until 3 January 2021.

ELIGIBILITY CRITERIA All randomised trials comparing
intubation outcomes between PFT (PFT group) and standard
polyvinylchloride (standard polyvinylchloride group) tubes.

RESULTS Analysis of the 13 eligible trials showed no
significant difference in successful first-attempt intubation
rate [risk ratio (RR) 1.20, 95% confidence interval (Cl) 0.99
to 1.44] (6 trials, 568 participants), trauma risk (RR 0.83,
95% CIl 0.67 to 1.03) (5 trials, 501 participants) as well as
the overall risks of epistaxis (RR 0.58, 95% Cl 0.26 to 1.31)
(3 trials, 262 participants), sore throat (RR 0.90, 95% ClI

0.70to 1.17) (4 trials, 451 participants) and hoarseness (RR
0.71, 95% CIl 0.44 to 1.14) (4 trials, 451 participants)
between the two groups. However, the intubation time
was slightly shorter (weighted mean difference —4.2s,
95% Cl —7.4 to —1.0s) (8 trials, 759 participants) and
the risks of severe epistaxis (RR 0.15, 95% CI 0.03 to
0.84) (3 trials, 262 participants) and overall difficulty in
airway manipulation (RR 0.48, 95% CI 0.29 to 0.80) (8
trials, 647 participants) were lower in the PFT group than
those in the standard polyvinylchloride group. Trial sequential
analysis conclusively confirmed a shorter intubation time with
PFT tubes than with standard polyvinylchloride tubes,
whereas other intubation outcomes were inconclusive.

CONCLUSION The use of PFT tubes for airway manipulation
was associated with a shorter intubation time compared with
the standard polyvinylchloride tubes. The results of trial
sequential analysis suggest the need for further trials and
meta-analysis to compare other intubation outcomes asso-
ciated with the two devices.

TRIAL REGISTRATION PROSPERO CRD42020197670.
Published online 14 May 2021

Introduction
Although tracheal intubation is a common technique for
maintaining airway patency in patients requiring general

* Cheuk-Kwan Sun and Hsiao-Feng Lu have contributed equally to this work.

anaesthesia, mechanical ventilation or airway protection,
it is not performed without risk as difficult or failed
intubation may be associated with significant morbidity
and mortality.” Despite recent improvements in
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intubating devices to improve visualisation of the larynx
(e.g. the availability of videolaryngoscopes),” successful
railroading of the endotracheal tube (E'T'T) into the
trachea remains a key step in successful tracheal intuba-
tion. However, difficulty with railroading the E'T'T at the
laryngeal inlet level (i.e. laryngeal impingement) may
occur in patients with an incidence of 47.6% to 93%.%~>
This difficulty can lead to an increased risk of airway
complications and/or intubation failure.® In spite of the
self-limiting nature of most airway complications,®
repeated tracheal intubation may increase the risk of
severe complications, such as hypoxaemia and cardiac
arrest in critically ill patients.”®

Several studies have demonstrated that the design of the
E'TT tip may influence the success rate, intubation time
and airway complications during tracheal intubation.” For
instance, despite the already enhanced laryngeal view
with the videolaryngoscope,'® two previous studies
reported further improvement in the ease of intubation,
decrease in the frequency of ET'T impingement and
reduction in intubation time when the Parker Flex-Tip
(PFT) tube was used for tracheal intubation.”!! Current
guidelines for airway management emphasise that
repeated tracheal intubations and intubation-associated
complications should be avoided.'*"® Although the use of
sophisticated intubation devices (e.g. videolaryngoscope)
is recommended for difficult airway management accord-
ing to previous guidelines,'®"? the impact of ETT selec-
tion on intubation outcomes has not been adequately
investigated. To address this issue, this meta-analysis
aimed to compare the efficacy and airway complications
between PFT and standard polyvinylchloride tubes.

Methods

This review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement guidelines, and was reg-
istered at the PROSPERO international database
(CRD42020197670).

We searched the databases of Embase, Medline, Google
Scholar, PubMed and the Cochrane controlled trials
register for randomised controlled trials (RC'T's) compar-
ing the intubation outcomes between PF'T and standard
polyvinylchloride tubes in patients requiring tracheal
intubation using the keywords ‘endotracheal intubation’,
‘Parker Flex-Tip tubes’, ‘standard endotracheal tube’,
‘randomised control trial (RC'T)” and their synonyms, as
well as controlled vocabulary from inception to 3 January
2021. Meta-analyses were reviewed for cross-referencing.
No publication date or language restriction was applied.
The search strategies and syntax for one of these data-
bases (Embase) is shown in Supplemental Table 1, http://
links.Iww.com/EJA/A568.

"The inclusion criteria for this meta-analysis were RCT's in
which PFT and standard polyvinylchloride tubes were used

Eur J Anaesthesiol 2021; 38:813-824

in a neutral orientation for participants receiving airway
manipulation through the nasal or oral route, and in which
intubation outcomes (e.g. intubation time) were available
for comparison. Exclusion criteria were studies in which
airway manipulation was performed with the standard poly-
vinylchloride tubes in a nonneutral orientation (e.g. with the
bevel in a posterior position), patients with a history of nasal
trauma, pharyngeal tumour or concomitant respiratory
infections were included, patients with a history of bleeding
diathesis or anticoagulant use, or in which information
regarding intubation outcomes was unavailable.

After removal of duplicates, the titles and abstracts of the
remaining trials were examined by two independent
authors (KCH and JYC) who selected studies for inclu-
sion and documented reasons for exclusion of the ineli-
gible studies. In the situation of disagreement, the
corresponding authors (HFL or CKS) were also involved.
If necessary, the authors of the selected studies were
contacted for missing information. If there was still a lack
of essential information, the study was excluded. For
multiple reports describing data from the same trial, only
the report with the largest sample size was selected.

Successful first-attempt intubation rate (SFAIR) was con-
sidered to be the primary outcome based on the ETT
selected, while the secondary outcomes included the
intubation time, difficulty in airway manipulation as well
as the risks of airway complications (e.g. sore throat and
epistaxis). SFAIR was defined according to the criteria of
each study. The overall risk of epistaxis was defined as the
occurrence of epistaxis regardless of severity. Similarly, the
risk of overall difficulty in airway manipulation was defined
as the occurrence of difficulty during airway manipulation
regardless of the degree of difficulty. We defined postop-
erative hoarseness and sore throat as events that occurred
in the recovery room or within three postoperative days
based on the definitions of individual studies. Whenever
this outcome was available at different time points, we
chose events that occurred in the recovery room as the
main outcome for analysis. For the purpose of this study,
laryngoscopy was defined as conventional direct laryngos-
copy and videolaryngoscopy, whereas nonlaryngoscopy
referred to fibroscopic intubation, laryngeal mask air-
way-assisted intubation or tracheal intubation through
the use of a tube exchanger.

Two authors (MHC and Y]JC) independently assessed the
risk of bias for each study using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Interventions."*
We reviewed the original registered protocols of the trials to
identify any changes in procedure or data on missing out-
comes that may indicate reporting bias. Moreover, the
sources of funding and the roles of manufacturers were
assessed for the existence of other biases. Additionally,
studies in which the authors did not clearly indicate an
absence of conflict of interest were considered to have an
uncertain risk of other biases. Disagreements were solved
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by discussion. The overall risk of bias of all included studies
and the risk of bias of individual studies were analysed.

Analysis

Cochrane Review Manager (RevMan 5.3; Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2014) was used for data synthesis. For dichotomous
outcomes, risk ratios (RRs) with 95% confidence intervals
(CIs) were calculated by using a random effects model.
The Mantel-Haenszel (M-H) method was used to pool
dichotomous data and to compute pooled RRs with 95%
ClIs. Considering the expected heterogeneity across the
studies, we decided a priori to use a random-effects
model to evaluate outcomes, regardless of the finding
of statistical heterogeneity.”>'® The heterogeneity
among the studies was calculated using 72."7 Sources of
heterogeneity were explored by prespecified subgroup
analyses on the airway technique selected (i.e. laryngos-
copy or nonlaryngoscopy). The x” test was used to assess
for group differences with the cut-off P value of the test
for group heterogeneity set at 0.05. We performed sensi-
tivity analyses to explore the potential impact of a single
trial on the overall results by omitting the trials from the
meta-analysis one at a time. We examined the funnel
plots when we identified 10 or more studies reporting on a
particular outcome'® to investigate the potential of
reporting and publication biases. The significance level
was set at 0.05 for all analyses.

Fig. 1 Meta-analysis flowchart for selecting eligible studies

The conclusiveness and reliability of the cumulative
evidence were scrutinised by trial sequential analysis
(TSA) to reduce false-positive or false-negative results
from multiple testing and sparse data.'”?" TSA was
performed with the TSA viewer version 0.9.5.10 Beta
(www.ctu.dk/tsa). For all outcomes, we computed the
required information size (RIS) and the trial sequential
monitoring boundaries. The variance was acquired
from the data retrieved from the included studies.
Crossing of the cumulative Z curve through the TSA
boundary signifies a sufficient level of evidence for the
anticipated intervention effect and no further studies
are needed, while failure of the Z curve to cross the
T'SA boundaries or reach the RIS indicates insufficient
evidence to reach a conclusion. We used two-sided
tests with a type I error of 5%, a power of 80% and a
relative risk reduction of 20% for dichotomous out-
comes to calculate the RIS.?!

Results

We identified 116 potential trials from our database
search as well as 49 additional articles during cross-
referencing and from the authors’ own reference collec-
tions. After removal of 77 duplicates, 88 articles under-
went title and abstract screening that gave 25 eligible
trials for full-text screening. The reasons for exclusion
after full-text screening are shown in Fig. 1. Finally, 13
RCTs were included in this analysis for data extraction.

Records identified through database
searching (n = 116)

Additional records identified through

other searches (n = 49)

v

| Records identified (n = 165) |

Duplicated records excluded

A 4

A 4

(n=177)

(n =288)

Records after duplicates removed

Excluded by title and abstract

v

(n=63)

Full-text articles assessed for
eligibility (n = 25)

Articles excluded

* Nonrandomised observational study

A4

(=1

Studies included in qualitative
synthesis (n =13)

* No relevant information for PFT (n=1)
* Wire-reinforced tube (n = 1) or SP tube
without neutral orientation (n =2)

A 4

* Only dstract available (n =5)
+ No comparable data (n = 2)

(n=13)

Studies included in meta-analysis

PFT, Parker Flex-Tip tube; SP, standard polyvinylchloride tube.
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Table 1 Characteristics of included studies

ETT size
Device (mm)

Author,year

Patient population

Risk of
difficult
airway

Experience
of operators® Main outcomes examined

Chang, 20192%° OTI Fibreoscope 7.0, 8.0 ASA-PS 1 to 3, obese patients® 59 Yes? 1 Intubation time

Earle, 201722 NTI DL 6,65, 70  ASA-PS1to?2 >16 years 60 Uncertain 1 Incidence of epistaxis
Kanazi et al, 2008°  OTI ILMA 7 ASA-PS 1 to 2, adult patients 43 Low 1 Success rate

Kristensen, 200327 OTl Fibreoscope 7.5 ASA-PS 1 to 2, > 18 years 76 Low 1 Ease of insertion

Lal, 202028 OTIl air-Q ILMA NA ASA-PS 1 to 2, 18-60 years 96 Low 1 Success rate

Makino, 2003°" OTlI TE 7.5 ASA-PS 1 to 2, adult patients 92 Uncertain 1 Ease of insertion
Moustafa, 201622 NTI DL NA ASA-PS 1-2, 4 to 10 years 100 Low 1 Ease of insertion
Radesic, 2012° OTl GS 7,8 ASA-PS 1 to 3, > 18years 58 Low 3 Ease of intubation
Sanuki, 201024 NTI DL 7.0 ASA-PS 1 to 2, >16 years 102 Low 1 Incidence of nasal trauma
Sugiyama, 201424 NTI DL 7,75 ASA-PS 1 to 2 adult patients 100 Uncertain 1 Incidence of epistaxis
Suzuki et al,, 2008'"  OTI BL 7.5 ASA-PS 1 to 2, adult patients 38 Uncertain 1 Ease of intubation

So, 20062° OTlI DL 7.5, 8.0 ASA-PS 1 to 2, 20 to 75 years 132 Low 2 Ease of intubation
Turkstra, 2011°%° OTl DLorGSY 7,75,8 85 ASA-PS1to4 200 Low 2 Incidence of postoperative

sore throat

ASA-PS, American Society of Anesthesiologists physical status; BL, Bullard laryngoscope; DL, direct laryngoscope; GS, GlideScope; ILMA, intubating laryngeal mask
airway; IT, intubation technique; NTI, nasotracheal intubation; OTI, orotracheal intubation; TE, tube exchanger. ®Obese: BMI at least 30 kg m~2. PThe presence of
Mallampati score at least 3 or obesity. © 1, only anaesthesiologists involved; 2, anaesthesiologists, inexperienced anaesthesiologist and anaesthesia trainees involved; 3,
anaesthesiologists, anaesthesia assistant and nurse anaesthetists involved. ® Ninety-three to 95% of patients were intubated with direct laryngoscopy.

Thirteen RCT's, which included 1156 participants, were
analysed. Study characteristics are described in Table 1.
Four trials**~* included 362 patients receiving nasotra-
cheal intubation with direct laryngoscopy and nine
trials™*!112°=31 enrolled 794 patients receiving oral tra-
cheal intubation with various intubating devices. Twelve
studies focused on adult patients, whereas one trial®
examined the intubation outcomes in the paediatric
population. All studies were performed in the anaesthesia
setting with the use of a muscle relaxant. Airway manip-
ulation was performed by anaesthesiologists in most
studies. Seven studies™”**?*#7=2 included patients with
a low risk of difficult airway, whereas five trials''+2%2>30:31
did not specify the presence of a difficult airway and one
study®® included patients with obesity.

Risks of bias

"The risks of bias of individual studies and the overall risk
of bias are summarised in Figs. 2 and 3, respectively. As
all of the included studies were found to give sufficient
details about randomisation and report a patient dropout
rate of less than 15%, the risks of randomisation and
attrition biases were considered to be low. However, as
most studies were unable to adopt methods to keep both
the intubators and the investigators unaware of the type
of E'T'Ts, the risks of performance and detection biases
were regarded as uncertain or high. In addition, as infor-
mation about reporting bias (e.g. protocol registers) or
other biases (e.g. conflict of interest) were not available in
most studies, the risks of these biases were considered to
be uncertain or high. Details regarding the assessment of
the risks of bias are available in Supplemental Table 2,
htep://links.lww.com/EJA/A568.

Successful first-attempt intubation rate
Six studies with a total of 568 patients (PFT group,
7=285 vs. standard polyvinylchloride group, 7#=283)

Eur J Anaesthesiol 2021; 38:813-824

were available for analysis.>'**#%=39 The criteria for
successful first-attempt intubation rate (SFAIR) for both
laryngoscopy and nonlaryngoscopy are shown in Supple-
mentary Table 3, heep://links.lww.com/EJA/A568. Pooled
analysis showed no significant difference in SFAIR
between the PF'T and standard polyvinylchloride groups
(RR 1.20, 95% CI 0.99 to 1.44, P=0.06; 7°=0.03,
P <0.001) (median of RR 1.17, range 0.99 to 2; Fig. 4).
Subgroup analysis revealed no significant difference (x*
test 3.31, P=0.07). Sensitivity analysis demonstrated
that this outcome was not significantly impacted by
omitting certain trials. 'TSA showed a failure of the
cumulative Z curve to cross the required information size
or the futility boundaries, indicating insufficient evidence
to reach a firm conclusion (Supplemental Fig. 1, http://
links.Iww.com/EJA/A562).

Intubation time

Eight studies with a total of 759 patients (PFT group,
#=380 vs. standard polyvinylchloride group, #=379) were
available for the analysis.”'"**?°=" The definition of
‘intubation time’ varied among the included studies
(Supplemental Table 4, http://links.lww.com/EJA/
A568). A forest plot is presented in Fig. 5, which demon-
strated a slightly but significantly shorter intubation time
in the PFT group than that in the standard polyvi-
nylchloride group [weighted mean difference (WMD)
—4.7s, 95% CI —7.4 to —1.1, P=0.009; 7° 16.95,
P <0.00001] (median of WMD —4.65s, range —11.5 to
2.6) without considering the techniques of airway manip-
ulation. Subgroup analysis based on the airway manage-
ment  techniques  selected  (laryngoscopy  vs.
nonlaryngoscopy) (Fig. 5) showed no subgroup difference
(x2 test 1.29, P=0.26). Sensitivity analysis demonstrated
no significant impact on outcome by omitting certain
trials. Crossing of the cumulative Z-curve through the
trial sequential monitoring boundary on TSA indicated
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Fig. 2 Risks of bias of individual studies
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sufficient evidence to reach a firm conclusion (Supple-
mental Fig. 2, htep://links.lww.com/EJA/A563).

Risk of difficulty in airway manipulation

Of the eight studies with a total of 647 patients (PFT
group, #=326 vs. standard polyvinylchloride group,
#=321) that compared the risk of overall difficulty in
airway manipulation between the two ETTs>!%3-
25:27.2831 only three assessed the risk of severe difficulty

in airway manipulation.”**’*! The definition of ‘diffi-
culty’ varied based on the intubating techniques among
the included studies (Supplemental Table 5, http://
links.lww.com/EJA/A568). Regarding the risk of overall
and severe difficulty, the pooled RRs were 0.48 (95% CI
0.29 t0 0.80, P = 0.005; 7% 0.4, P < 0.00001) (median of RR
0.41, range 0.1 to 1) (Fig. 6) and 0.59 (95% C1 0.39 to0 0.87,
P =0.009; 72 0, P=0.4) (median of RR 0.61, range 0.23 to
0.75) (Fig. 7), respectively. The findings suggested that
the use of PF'T tubes was associated with a lower risk of
difficult airway manipulation compared with that associ-
ated with the use of standard polyvinylchloride tubes.
Subgroup analysis demonstrated no difference (x° test
2.05, P=0.15) (Fig. 6). Sensitivity analysis showed no
significant impact on this outcome by omitting certain
trials. Regarding the risks of overall difficulty (Supple-
mental Fig. 3, http://links.lww.com/EJA/A564) and
severe difficulty (Supplemental Fig. 4, http://links.lww.-
com/EJA/A565) in airway manipulation, 'T'SA demon-
strated that the cumulative Z curve crossed neither the
trial sequential monitoring boundary nor the required
information size, implicating insufficient and inconclu-
sive evidence for these two outcomes.

Risk of airway trauma

The pooled RR of the five studies with a total of 501
patients (PFT group, =256 vs. standard polyvinylchlor-
ide group, #=245) that reported the risk of airway
trauma’>#20:2830 s 0.83 (95% CI 0.67 to 1.03,
P=0.09; 7° 0, P=0.83) (median of RR 0.85, range 0.52
to 2.9) (Fig. 8), indicating no difference in risk of airway
trauma between PFT and standard polyvinylchloride
tubes. Subgroup analysis demonstrated no difference
()(2 test 0.01, P=0.93). Sensitivity analysis showed that
this outcome was not significantly influenced by omitting
certain trials. T'SA was not conducted because of insuffi-
cient information (data not shown).

Risk of hoarseness and sore throat

Analysis of the four studies with a total of 451 patients
(PFT group, »=231 vs. standard polyvinylchloride group,
7=220) that mentioned the incidences of hoarseness and
sore throat'"**7° demonstrated a pooled RR of 0.71
(95% CI 0.44 to 1.14, P=0.15; ©* 0, P=0.45) (median
of RR 0.77, range 0.5 to 1) for hoarseness (Fig. 9) and 0.90
(95% C1 0.70 to 1.17, P=0.44; 7° 0, P=0.8) (median of
RR 0.83, range 0.59 to 0.99) for sore throat (Fig. 10). The
findings suggested no difference in the risk of hoarseness
and sore throat between PFT and standard polyvi-
nylchloride tubes. Sensitivity analysis showed no signifi-
cant effect on this outcome by omitting certain trials.
Regarding the risk of hoarseness, T'SA was not performed
because of insufficient information (data not shown). For
the risk of sore throat, failure of the cumulative Z-curve to
cross the futility boundary suggested insufficient and
inconclusive evidence for this outcome (Supplemental
Fig. 5, htep://links.lww.com/EJA/A566).

Eur J Anaesthesiol 2021; 38:813-824
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Fig. 3 Overall risks of bias of the 13 included studies
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Risk of epistaxis

Three studies with a total of 262 patients (PF'T group,
#=131 vs. standard polyvinylchloride group, »=131)
reported the risk of overall epistaxis or severe epi-
staxis.?>*% All studies classified the severity of epi-
staxis by assessing the presence of blood on the ETT's or
posterior pharyngeal wall with direct laryngoscopy
(Supplemental Table 6, http://links.Ilww.com/EJA/
A568). The definition of ‘severity’ (Supplemental Table
6, htep://links.lww.com/EJA/A568), the size of ETTs
used (Table 1) and strategies for epistaxis prevention
(Supplemental Table 7, http://links.Ilww.com/EJA/
A568) varied among the included studies. Regarding
the risk of overall or severe epistaxis, the pooled RRs
were 0.58 (95% CI 0.26 to 1.31, P=0.19; 7° 0.42,

P=0.001) (median of RR 0.48, range 0.33 to 1.05)
(Fig. 11) and 0.15 (95% CI 0.03 to 0.84, P=0.03; 7* 0,
P=0.56) (median of RR 0.22, range 0.11 to 0.33)
(Fig. 12), respectively. These findings indicated that
although the use of PF'T tubes did not decrease the risk
of overall epistaxis, the risk of severe epistaxis was
reduced significantly compared with that related to
the use of standard polyvinylchloride tubes. For the
risk of overall epistaxis, failure of the cumulative Z-
curve to cross either the trial sequential monitoring or
the futility boundary on TSA indicated insufficient and
inconclusive evidence for this outcome (Supplemental
Fig. 6, http://links.lww.com/EJA/A567). There was
insufficient information to assess the risk of severe
epistaxis with TSA (data not shown).

Fig. 4 Forest plot comparing successful first-attempt intubation rate between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.1.1 Laryngoscopy
So 2006 61 66 60 66 24.9% 1.02 (0.92, 1.13)
Suzuki 2008 18 19 9 19 9.7% 2.00 (1.23, 3.25) -
Turkstra 2011 93 100 94 100 25.8% 0.99 (0.92, 1.06)
Subtotal (95% Cil 185 185  60.3% 1.08 (0.90, 1.29)
Total events 172 163
Heterogeneity: Tau? = 0.02; Chi? = 10.1 5, df = 2 (P = 0.006); I> = 80%
Test for overall effect: Z =0.83 (P = 0.41)
1.1.2 Non-larygoscopy
Chang 2019 22 30 18 29 13.7% 1.18 (0.83, 1.69) T
Kanazi2008 12 22 10 21 7.4% 1.15 (0.64, 2.06) N
Lal2020 44 48 29 48  18.5% 1.52(1.19, 1.94) ——
Subtotal (95% Cil 100 98  39.7% 1.37 (1.13, 1.66) <@
Total events 78 57
Heterogeneity: Tau? = 0.00; Chi® = 1.73, df = 2 (P = 0.42); 12 = 0%
Test for overall effect: Z = 3.25 (P = 0.001)
Total (95% ClI) 285 283 100.0% 1.20 (0.99, 1.44) &
Total events 250 220 | | | | | |
4. 2 _ . 2 — —_ D12 = 0, T T T T T T
Heterogeneity: Tau® = 0.03; Chi“ = 27.83, df =5 (P = 0.0001); I = 82% o1 0.0 05 1 2 5 10

Test for overall effect: Z = 1.85 (P = 0.06)
Test for subgroup differences: Chi? = 3.31, df = 1 (P = 0.07); I> = 69.8%

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.

Favours (SP g.roup) Favours (PFT group)
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Fig. 5 Forest plot comparing time to successful intubation between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 laryngoscopy
Moustafa 2016 34 6.01 50 42 7.1 50 14.1% -8.00 (-10.58, -5.42) |
Radesic 2012 108 7.6 29 127 73 29 12.7% —1.90 (-5.74,1 ..94)
So 2006 66 34 66 82 5 66 15.0% —1.60 (-3.06,-0.14) ’
Suzuki 2008 32 16 19 39 15 19 6.2% -7.00 (-16.86, 2.86)
Turkstra 2011 208 9.8 100 272 83 100 14.2% 2.60 (0.08, 5.12)
Subtotal (95% CI) 264 264  62.2% —2.67 (-6.49, 1.16) "

Heterogeneity: Tau? = 14.96; Chi® = 34.87, df = 4 (P = 0.00001); I? = 89%
Test for overall effect: Z =1.37 (P = 0.17)

2.1.2 Non-larygoscopy

Chang 2019 73 42 30 94 69 29 13.7%  —2.10(-5.03,0.83) T
Kristensen 2003 92 7.7 38 207 92 38 12.7% -11.50 (-15.31,-7.69) "
Lal2020 136 85 48 20.69 149 48 11.4% -7.09 (-11.94,-2.24) -
Subtotal (95% CI) 116 115 37.8% —6.80 (-12.81,-0.79) ——
Heterogeneity: Tau? = 24.33; Chi® = 14.99, df = 2 (P = 0.0006); I> = 87%
Test for overall effect: Z =2.22 (P = 0.03)
Total (95% Cl) 380 379 100%  4.23 (=7.41,-1.05) N g

] ] ] ]
Heterogeneity: Tau? = 16.95; Chi® = 59.99, df = 7 (P = 0.00001); I? = 88% T T T T
Test for overall effect: Z = 2.61 (P = 0.009) -0 5 0 5 10

Test for subgroup differences: Chi? = 1.29, df = 1 (P = 0.26); 1> = 88%
Favours (PFT group) Favours (SP group)

Cl, confidence interval; IV, inverse variance; WMD, weighted mean difference.

Discussion procedure. In spite of the emphasis of current guidelines
Choosing the suitable instrument under different circum- on the use of videolaryngoscopes and supraglottic air-
stances to ensure rapid uncomplicated transglottic way devices for difficult airway management, the impact
advancement of ET'Ts remains the key to successful of tube selection remains poorly addressed. After ana-
tracheal intubation, which is a potentially life-saving lysing the benefits of PF'T tubes for airway management

8. +AWAOANDINSRAAAAYO/FIAEIDPIASALLIAYIPOOAEIEAHIOIN/AD AUMY TXOMADYOIAX

OHI1SABZ3yT10A+erNIOITWNOTIZTARMHJSSHINAUG Ag ABojoisalisaruela/Wwod mm| sjeulnol;/:dny woly papeojumoq

o

=)

E Fig. 6 Forest plot comparing the risk of overall difficulty in airway manipulation between Parker Flex-Tip and standard polyvinychloride groups

N

§ PFT group SP group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Laryngoscopy
Moustafa 2016 38 50 44 50 16.5% 0.86 (0.72, 1.04) *
Sanuki2010 16 51 16 51 13.9% 1.00 (0.56, 1.78) -1
Sugiyama 2014 10 50 20 50 13.2% 0.50 (0.26, 0.96) —
Suzuki2008 1 19 10 19  4.9% 0.10 (0.01, 0.71)
Subtotal (95% Cl) 170 170 48.4% 0.68 (0.40, 1.17) D
Total events 65 90

Heterogeneity: Tau? = 0.18; Chi? = 9.93, df = 3 (P = 0.02); 12 = 70%
Test for overall effect: Z = 1.40 (P = 0.16)

3.1.2 Non-laryngoscopy

Kanazi2008 10 22 1 21 13.5% 0.87 (0.47, 1.60) /T

Kristensen 2003 1" 38 34 38  14.4% 0.32 (0.19, 0.54)

Lal2020 4 48 19 48  10.2% 0.21 (0.08, 0.57) - -

Makino 2003 9 48 28 44 13.4% 0.29 (0.16, 0.55) e

Subtotal (95% Cl) 156 151  51.6% 0.38 (0.21, 0.69) -

Total events 34 92

Heterogeneity: Tau? = 0.24; Chi? = 9.63, df = 3 (P = 0.02); 12 = 69%

Test for overall effect: Z = 3.21 (P =0.001)

Total (95% CI) 326 321 100% 0.48 (0.29, 0.80) ’

Total events 99 182 . . . |
Heterogeneity: Tau® = 0.40; Chi? = 45.49, df = 7 (P < 0.00001); 12 = 85% f f T 1
Test for overall effect: Z = 2.81 (P = 0.005) 0.01 0.1 ! 10 100
Test for subgroup differences: Chi? = 2.05, df = 1 (P = 0.15); 1> = 51.2% Favours (PFT group) Favours (SP group)

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.
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Fig. 7 Forest plot comparing the risk of severe difficulty in airway manipulation between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Kristensen 2003 6 38 8 38 17.3% 0.75 (0.29,1.96) Ll

Makino 2003 2 48 8 44 71% 0.23 (0.05, 1.02) =

Moustafa 2016 17 50 28 50 75.6% 0.61 (0.38, 0.96) i

Total (95% CI) 136 132 100% 0.59 (0.39, 0.87) <>

Total events 25 44 | | | |
1

Heterogeneity: Tau? = 0.00; Chi? = 1.84, df = 2 (P = 0.40); 1> = 0% !

T T
.7 = — 0.01 0.1 1 10 100
Test for overall effect: Z = 2.62 (P = 0.009) Favours (PFT group) Favours (SP group)

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.

Fig. 8 Forest plot comparing the risk of trauma between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 Laryngoscopy
Earle 2017 0 30 0 30 Not estimable
Moustafa 2016 35 50 42 50 94.0% 0.83 (0.67, 1.04)
Turkstra 2011 6 100 7 100 4.0% 0.86 (0.30, 2.46)
Subtotal (95% CI) 180 180  98.1% 0.83 (0.67, 1.03)
Total events 41 49

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.95); 1> = 0%
Test for overall effect: Z =1.40 (P = 0.16)

5.1.2 Non-laryngoscopy
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Chang 2019 1 30 o 29 0.4% 2.90 (0.12, 68.50)
Lal2020 2 46 3 36 1.5% 0.52 (0.09, 2.96) "
> Subtotal (95% Cl) 76 65  1.9% 0.78 (0.17, 3.55) ——
° Total events 3 3
=}
B Heterogeneity: Tau? = 0.00; Chi? = 0.88, df = 3 (P = 0.35); I = 0%
E Test for overall effect: Z =1.69 (P = 0.09)
8
n Total (95% Cl) 256 245  100% 0.83 (0.67, 1.03) ¢
Total events 44 52

Heterogeneity: Tau? = 0.00; Chi? = 0.88, df = 3 (P = 0.83); I = 0% I I I I

T T
0.01 0.1 1 10 100
Test for overall effect: Z = 1,69 (P = 0.09)
Test for subgroup differences: Chi? =0.01, df = 3 (P = 0.83); 1> = 0% Favours (PFT group) Favours (SP group)

Cl, confidence interval; M-H, Mantel-Haenszel; RR, risk ratio.

Fig. 9 Forest plot comparing the risk of sore throat between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Lal2020 3 46 4 36 3.2% 0.59 (0.14, 2.46)

So 2006 19 66 21 66 24.0% 0.90 (0.54, 1.52) N

Suzuki 2008 9 19 12 19 18.9% 0.75 (0.42, 1.35) LI

Turkstra 2011 39 100 39 99 53.9% 0.9 (0.70, 1.40) I

Total (95% ClI) 231 220 100% 0.90 (0.70, 1.17)

Total events 70 76 | . . |
1

Heterogeneity: Tau? = 0.00; Chi? = 1.01, df = 3 (P = 0.80); 1> = 0% 0.01 o1 1 10 100

Test for overall effect: Z =0.78 (P = 0.44) Favours (PFT group) Favours (SP group)

Cl, confidence interval; M-H, Mantel-Haenszel; RR, risk ratio.
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Fig. 10 Forest plot comparing the risk of hoarseness between Parker Flex-Tip and standard polyvinychloride groups

PFT group SP group Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lal 2020 0 46 0 36 Not estimable

So 2006 10 66 10 66 34.5% 1.00 (0.45, 2.24)

Suzuki 2008 6 19 12 19  40.5% 0.50 (0.24, 1.05)

Turkstra 2011 7 100 9 99  25.0% 0.77 (0.67, 1.99)

Total (95% Cl) 231 76 220 100% 0.71 (0.44, 1.14)

Total events 70

Heterogeneity: Tau? = 0.00; Chi? = 1.01, df = 3 (P = 0.80); 12 = 0% f T f 1
Test for overall effect: Z =0.78 (P = 0.44) 0.01 0.1 ! 10 160

Favours (PFT group) Favours (SP group)

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.

Fig. 11 Forest plot comparing the overall risk of epistaxis between Parker Flex-Tip and standard polyvinychloride groups

Study or subgroup

PFT group
Events Total

SP group
Events Total Weight

Risk ratio
M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% CI

Test for overall effect: Z =1.31 (P =0.19)

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.

Earle 2017 22 30 21 30 380 1.05 (0.76, 1.44)

Sanuki2010 6 51 18 51 28.2% 0.33 (0.14, 0.77) —

Sugiyama 2014 12 50 25 50 33.8% 0.48 (0.27, 0.85) —

Total (95% CI) 131 131 100% 0.58 (0.26, 1.31)

Total events 40 64 1 | ] ]

Heterogeneity: Tau® = 0.42; Chi? = 13.10, df = 2 (P = 0.001); 12 = 85% f T T T 1
0.01 0.1 1 10 100

Favours (PFT group) Favours (SP group)
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from all the available RC'T's, our results demonstrated
that the use of PF'T tubes affected neither the SFAIR
nor the risk of airway complications (airway trauma,
hoarseness, sore throat, overall risk of epistaxis) in the
hands of anaesthesia providers. However, the use of
PFT tubes was associated with a shortened intubation
time (—4.2 s) as well as decreased risks of difficult airway
manipulation and severe epistaxis compared with those
related to the use of conventional standard polyvi-
nylchloride tubes.

€202/22/1T uo

The occurrence of laryngeal impingement could delay
successful tracheal intubation as well as increase the risks

of intubation failure and apnoea. The sites of laryngeal
impingement include arytenoids, epiglottis, interaryte-
noid tissue and left pyriform fossa.** With a bevel facing
posteriorly at 37° and a flexible and tapered tip, the PF'T
tube was designed to facilitate transglottic insertion of
ETTs and minimise the risk of airway injury during
intubation.’

The absence of a significant difference in SFAIR between
PFT and standard polyvinylchloride tubes in the current
meta-analysis may be attributed to some factors related to
the clinical setting, patients and intubators. First, com-
pared with the manipulation of the relatively uncommon

Fig. 12 Forest plot comparing the risk of severe epistaxis between Parker Flex-Tip and standard polyvinychloride groups

M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% ClI

Risk ratio

PFT group SP group
Study or subgroup Events Total Events Total Weight
Earle 2017 0 30 0 30
Sanuki2010 1 51 9 51 71.0%
Sugiyama 2014 0 50 1 50 29.0%
Total (95% Cl) 131 131 100%
Total events 1 10

Heterogeneity: Tau? = 0.00; Chi? = 0.33, df = 1 (P = 0.56); I2 = 0%
Test for overall effect: Z =2.15 (P = 0.03)

Cl, confidence interval; M-H, Mantel—Haenszel; RR, risk ratio.

Not estimable

0.11 (0.01, 0.85) L
0.33 (0.01,7.99) =
0.15 (0.03, 0.84) ——

T T
0.01 0.1 1 10 100
Favours (PFT group) Favours (SP group)
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PFT tubes, the operators in the included studies may be
more familiar with the use of conventional standard poly-
vinylchloride tubes, which are routine equipment in the
operating room. Second, although PFT tubes have been
reported to facilitate tracheal intubation in situations of
failed intubation with standard ETTs,>>** most of the
included studies did not recruit patients with difficult
airways. Third, despite the reported superiority of PFT
tubes in the hands of inexperienced operators®’ or under
suboptimal intubation conditions,” such benefits may be
masked by the fact that most intubations in the studies
included in the current meta-analysis were performed by
anaesthesiologists and all patients were given muscle
relaxants, which have been reported to facilitate tube
passage through the glottis during tracheal intubation.®
Analysis between laryngoscopy and nonlaryngoscopy sub-
groups also demonstrated no significant difference. Large-
scale studies are needed to support our findings in the
nonanaesthesia setting.

The findings of a slight but significant decrease in intuba-
tion time (4.2 s) as well as a reduced risk of difficult airway
manipulation associated with the use of PF'T tubes com-
pared with those associated with the use of standard
polyvinylchloride tubes in the present study have several
clinical implications. First, the use of PF'T tubes may be
beneficial for patients with a decreased functional residual
capacity (e.g. obese patients) or respiratory distress for
whom rapid re-establishment of airway patency may be
critical for the prevention of profound hypoxaemia and
subsequent complications. Second, taking into account the
high morbidities and mortalities associated with multiple
tracheal intubations in patients with difficult airways,'*"
the relatively low risk of difficulty in airway manipulation
when PFT tubes were used may favour their use when
the skills of intubators or the intubation conditions are
suboptimal.

Postoperative sore throat and hoarseness are common
adverse events from airway manipulation. The preva-
lences of postoperative sore throat and hoarseness are
reportedly up to 62 and 49% in patients following tracheal
intubation, respectively.*®?” Albeit not life-threatening,
these complications may persist for several postoperative
days and negatively impact a patient’s satisfaction with
anaesthesia. The proposed mechanisms underlying these
laryngeal complications include E'T'T cuff-associated
mucosal erosion, mechanical trauma from intubation
and prolonged intubation.”” * Despite the design of
PFT tubes for reducing trauma during transglottic
ETT placement,” we did not find significant differences
in the risks of airway trauma (Fig. 8) or postoperative sore
throat and hoarseness (Figs. 9 and 10) between PF'T and
standard polyvinylchloride tubes. Plausible explanations
may be the multifactorial causes of laryngeal complica-
tions and minimisation of the risk of intubation-related
trauma in the hands of anaesthesia providers in a well
controlled anaesthesia setting.*

Eur J Anaesthesiol 2021; 38:813-824

Epistaxis is a common complication from nasotracheal
intubation with an incidence up to 80% among patients
receiving tracheal intubation with standard polyvi-
nylchloride tubes.** Although this complication rarely
leads to severe sequelae, excessive nasal bleeding (e.g.
a large amount of blood in the pharynx) can impede the
laryngoscopic view for intubation*' and carry the risk of
aspiration of blood.** Accordingly, in difficult airway
scenarios, avoidance of nasal bleeding is warranted when
the nasal route is chosen for tracheal intubation. Although
thermosoftening of ETTs™ and the use of topical vaso-
constrictors** are effective measures to decrease the risk
of epistaxis, the facts that both strategies are time-con-
suming and are not used without risk*® render them
impractical in emergency airway management. Our find-
ings of lower risks of both severe epistaxis regardless of
the tracheal intubation approach and difficult airway
manipulation associated with PFT tube use may further
support its application in difficult airway management.

Although systematic reviews and meta-analyses have
long been regarded as the gold standard of evidence-
based medicine, meta-analyses on trials with small sam-
ple sizes often result in false-positive (type 1 error) or
false-negative (type 2 error) findings.*® 'TSA is an impor-
tant statistical tool to verify the results of a meta-analysis
and identify the need for any further clinical trials.** On
the basis of T'SA, our meta-analysis revealed conclusively
that airway manipulation with PFT tubes was faster than
that with standard polyvinylchloride tubes. However, as
current evidence of other intubation outcomes (SFAIR or
risk of difficulty in airway manipulation) was still insuffi-
cient, future trials and meta-analysis are warranted to
compare these outcomes associated with PFT and stan-
dard polyvinylchloride tubes.

Several limitations of our study should be addressed.
First, as the current study included only trials conducted
in an operating room setting, the findings may not be
extrapolated to other clinical scenarios. Second, the
impact of operator experience on the outcomes needs
to be further clarified as most intubations of the included
studies were performed by anaesthesiologists. Third,
although the intubation success rate for standard poly-
vinylchloride tubes was reported to improve if the tube
was rotated counterclockwise by 90°,%” our studies only
compared the intubation outcomes between PFT and
standard polyvinylchloride tubes as the latter was passed
through the glottis in a neutral position. Fourth, as the
diameter of E'T'T's may impact the successful rate of
fibreoptic intubation,’ the use of various sizes of ETT
in the included studies may bias our results. Fifth, the
lack of a significant difference between PFT and stan-
dard polyvinylchloride tubes in SFAIR may be attributed
partly to the small proportion of studies (only 6 out of the
13) providing the information. Sixth, despite the possible
impact of anatomical anomalies on intubation time and
complications (e.g. hoarseness), the four studies!?372°
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that mentioned the use of laryngoscopy did not report the
level of anatomy-related difficulty (e.g. Cormack-—
Lehane grade) in assessing the degree of laryngeal view.
Finally, the lack of standardised definitions for some of
the measured outcomes (e.g. intubation time) may also
influence our results.

Conclusion

Through systematically reviewing the current evidence,
this meta-analysis demonstrated a shorter intubation time
associated with the use of PF'T tubes compared with that
related to standard polyvinylchloride tubes. Our findings
may help in optimising the choice of endotracheal tubes
to improve intubation outcomes and minimise the asso-
ciated complications. On the basis of the results of trial
sequence analysis, further trials and meta-analyses are
warranted to compare other intubation outcomes (e.g.
successful first-attempt intubation rate) associated with
the two devices.
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