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BACKGROUND: The aim of this study was to assess the different methods of percutaneous
tracheostomy in terms of successful performance of the tracheostomy as well as safety. Tracheos-
tomy isthe most common procedur e performed on the airway for patientsin ICUs. Lately, several
methods of per cutaneoustracheostomy (multipledilator, progressivedilator, for cepsdilation, screw-
likedilation, balloon dilation, and translaryngeal) have been described, with theor etical advantages,
but there is no consensus about which is better. METHODS: A systematic review with critical
appraisal of the literature was done. Literature in multiple databases was searched. Randomized
controlled trials comparing different tracheostomy methods were selected. Clinical and method-
ological characteristics were assessed. A meta-analysis using fixed effect models was planned for
statistically homogeneous outcomes. RESULTS: Fourteen randomized controlled trials were in-
cluded, most of them with small sample sizesand with comparisons of multiple methods. Blue Rhino
methods wer e less difficult for surgeons (risk difference of 14.7% [95% CI 8-21.5]) and had more
minor bleeding events(risk difference of —6.3% [95% CI| —13.58t00.8]). Therewere no differences
in major bleeding events. Statistically, heter ogeneity and lack of data impede comparison with other
outcomes. CONCL USIONS: The Blue Rhino method is less difficult and has more minor bleeding
events, but physicians also have more experience with this technique. However, trials are under-
power ed to define the best method. Key words: tracheostomy; meta-analysis; intensive care; surgery;
minimally invasive surgical procedures. [Respir Care 2014;59(11):1660—1670. © 2014 Daeda us Enter-

prises|

Introduction

Tracheostomy isthe most common procedure performed
on the airway in patients in ICUs. The first attempt was
registered on Egyptian papyrusin 3,100 BC; the procedure
evolved in the centuries that followed to open tracheos-
tomy.1 The open tracheostomy procedure was standard-
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ized by Jackson in 1909t and underwent minor changes
during the 20th century. In 1985, Ciaglia et al2 described a
modification of open tracheostomy and introduced the
Seldinger principle for the antegrade percutaneous ap-
proach. The first percutaneous tracheostomy system em-
ployed multiple, sequentialy larger dilators. However, in
1999, Ciagliamodified his original procedure to the single
progressive dilator method known today as Blue Rhino.3
Other methods of antegrade percutaneous tracheostomy
were reported by Griggs et a4 in 1990 using a one-step
dilation of the tracheostoma with rounded-tip forceps, by
Frova and Quintels in 2002 using stomal dilation with a
unique screw-like dilating device (PercuTwist), and by
Zgoda and Berger® in 2005 and Cianchi et a” in 2010
using a modification of the Blue Rhino device that em-
ployed balloon dilation. A retrograde tracheostomy tech-
nique called the translaryngeal method was described by
Fantoni and Ripamonti8 in 1997.

All methods of percutaneous tracheostomy use a mod-
ification of the Seldinger technique, which involves punc-
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turing the trachea percutaneously with a sharp hollow tro-
car through which a guidewire is advanced. The trocar is
then withdrawn, and dilators are serialy passed over the
guidewire, which directs the tip of the dilators into the
tracheal lumen. There are some variationsin the method of
performing and dilating the tracheal stoma; some have
theoretical advantages, including providing direct vision
when performing the dilation, simplicity, and safety. None-
theless, there is disagreement about which of these meth-
odsisthe best in terms of effectiveness and safety, and the
choice is often determined by subjective factors, experi-
ence, economic issues, and availability. To date, there is
only one systematic review that addresses this question. In
2012, Cabrini etal® analyzed 13 randomized controlled
trials (RCTs) and suggested that the Blue Rhino method
was saf er and more effective, and suggested that thetrans a-
ryngeal method be discarded because of its high number of
complications. However, the meta-analysisinvolved highly
heterogeneous evidence and made the assumption that the
studies supported equivalence between the methods.
Traditionally, percutaneoustracheostomy hasbeen asub-
ject of interest to both intensive care and anesthesia spe-
cialists, but in recent years, it has been used by general
surgeons, head and neck surgeons, and otolaryngologists.
The subject becomes more critical when percutaneous tra-
cheostomy is used with more complicated patients and
when complications need to be managed by these special-
ists. The am of this study was to assess the different
methods of percutaneous tracheostomy used for ICU pa-
tients in terms of successful performance of the tracheos-
tomy, as well as safety relating to outcomes such as bleed-
ing, tracheal tears, false tracts, and performance difficulty.

M ethods

A search was conducted on the MEDLINE, LILACS,
Embase, and Cochrane Collaboration databases for RCTs
published between January 1985 and November 2013 us-
ing the terms tracheostomy, tracheotomy, clinical trial, and
percutaneous. An expanded search of each relevant article
was performed using Boolean operators. References were
explored to identify other articles. Only studies published
in the English language were included (Fig. 1).

Following apreliminary search, | reviewed all abstracts;
those that dealt with percutaneous tracheostomy methods
were selected for further analysis. Inclusion criteria for
studies were RCTs of adult ICU subjects who underwent
elective tracheostomy. Exclusion criteria were contraindi-
cations to percutaneous tracheostomy such as local infec-
tion, bleeding disorders, malignant cervical tumors, and
spinal trauma. The Ciaglia multiple dilator, Ciaglia Blue
Rhino, Ciaglia balloon dilator, Griggs, Fantoni, and
PercuTwist methods were analyzed. The main outcome
measures were complications and difficulty/impossibility
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Current knowledge

Tracheostomy is the most common surgical procedure
performed in patients in the ICU. Percutaneous trache-
ostomy at the bedside has widely replaced intra-oper-
ative tracheostomy owing to reduced costs and conve-
nience. The optimum technical procedure for
percutaneous tracheostomy has not been determined.

What this paper contributes to our knowledge

A meta-analysis of 14 studies with small patient pop-
ulations failed to show distinct advantages of any one
technique. The multiple dilator method was less diffi-
cult but had a slight increase in minor bleeding com-
plications. The composite literature does not allow de-
finitive conclusions on the best percutaneous technique
for tracheostomy.

to perform the procedure. Other outcomes such as hypox-
emiaor hypotension during the procedure reported by each
study were recorded but were not considered in the final
analysis. Complications were classified into major (bleed-
ing requiring any intervention, defined as major by the
original authors, or posterior tracheal tears) and minor
(limited bleeding). Outcomefollow-up had to be until death
or the ICU discharge date. Difficulty was classified sub-
jectively by most authors; for the purpose of this study, a
negative outcome was classified as a highly difficult or
impossible tracheostomy procedure and having to change
the method of tracheostomy.

Data were collected regarding sample size, subject char-
acteristics, surgical procedures, and outcomes. The meth-
odological quality of each study was assessed in accor-
dance with Cochrane Collaboration guidelines for RCTs
(random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective re-
porting, and other bias) giving a qualification of risk of
bias. Methodol ogical and clinical weaknessesarediscussed.

Data from each study were extracted for calculation of
risk differences using a 2 X 2 table. Statistical analysis
was performed with Stata 9.0 software (StataCorp, Col-
lege Station, Texas), and risk difference (95% Cl) was
calculated for each outcome using the Mantel-Haenszel
fixed effects model when heterogeneity allowed (Higgins
12 < 50%). Sensitivity analysis adjusting for quality and
subgroup analysis by type of method (antegrade vs retro-
grade) and dilation technique were also planned. Hetero-
geneity wasassessed with the Q test (significant if P < .05),
and the influence of heterogeneity on the odds ratio was
determined with the 12 test. If clinical and methodological
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Fig. 1. Flow diagram.

heterogeneities were not found, a meta-analysis of the re-
sults was attempted. In other cases, heterogeneity was ex-
plained. The results for the intervention effect are pre-
sented in a forest plot graph. Recommendations are
classified in accordance with levels of evidence.

Results

A literature search found 100 potential studies; 14 RCTs
directly compared 2 methods of percutaneous tracheos-
tomy. The study by Stocchetti et al’> was not included
because of alack of information relating to outcome. Study
characteristics, events, and quality of evaluation of each
selected study are shown in Tables 1-3.

Ciaglia Multiple Dilator Versus Ciaglia Blue Rhino

In 2000, Byhahn et al22 compared these 2 methodsin 50
subjects, with the multiple dilator method as the control
group. There was no mention about operators experience.
Most subjects had cardiovascular or abdominal diseases
(80%), and the main indication for tracheostomy was sep-
sis (36%). Duration of intubation was ~7 d. The length of
the procedure was shorter for the Blue Rhino method (165
vs 386 s), and the cannulation time was ~17 d. There were
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no statistically significant differences between oxygenation
measurements before or after tracheostomy, and there were
no deaths related to the tracheostomy procedure. In 2001,
Johnson et a2t also compared these methods in 50 sub-
jects. Operators were trained surgeons or intensive care
residents supervised by surgeons. Most subjects were
traumavictims (72%). There were no data about indication
for tracheostomy, time of intubation, or tracheostomy. The
length of the procedure was shorter for the Blue Rhino
method (6. 01 vs 10.01 min). There were no deaths rel ated
to the tracheostomy procedure.

Therisk difference for tracheal ring fracture was —28%
(95% CI —49.6 to —6.4), the only statistically significant
comparison. There were no episodes of major bleeding.

Ciaglia Blue Rhino Versus Ciaglia Balloon Dilator
(Blue Dalphin)

In 2010, Cianchi et al” compared the Ciaglia Blue Rhino
system versus the new Ciaglia balloon dilation system
(Blue Dolphin) in 70 subjects, using the Blue Rhino as the
control group. Operators were intensivists with experience
with the Blue Rhino method. There were no data about the
underlying diseases of the subjects, indications, or trache-
ostomy. Duration of intubation was ~9 d. The operating
time in the Blue Rhino group was shorter than that in the
Blue Dolphin group (1.5 vs 4 min). There were no deaths
related to the tracheostomy procedure. The risk difference
for minor bleeding was —34.3% (95% CI —56.3t0 —12.3),
and for difficulty was —22.9% (95% Cl —39.7 to —6.0),
whichishigher inal respectsfor the Blue Dol phin method.
Comparisons of other outcomes were not statistically sig-
nificant.

Ciaglia Blue Rhino Versus Griggs Dilating Forceps

In 2002, Ambesh et al** compared the CiagliaBlue Rhino
versus Griggs dilating forceps methods in 60 subjects,
with the Blue Rhino as the control group. Operators were
intensivists with previous experience. There were no data
about the diseases of the subjects or indications for tra-
cheostomy. Duration of intubation was ~8 d. The operat-
ing time was shorter in the Griggs group (6.5 vs 7.5 min),
but the difference was not statistically significant. Time to
decannulation was ~11 d. The increase in peak airway
pressure was higher in the Blue Rhino group (16.5 vs
6 mm Hg); this was statistically significant. There were
more cases of surgical emphysema in the Griggs group (3
vs0). In 2004, Afion et al12 reported a study of 53 subjects.
Operatorswere intensivists with previous experience. Most
subjects had cardiopulmonary diseases (60%). Intubation
duration was ~17 d. The procedure time was shorter in the
Griggs group (7 vs 9 min). There were no data about
indications for tracheostomy and time to decannulation.
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Table 1.

Main Characteristics of Included Studies

PercuTANEOUS TRACHEOSTOMY METHODS

Reference

Subjects

Intervention

Control

Outcome

Cianchi
eta?

Byhahn
et gl10

Ambesh
a alll

Afion
a a|12

Kumar
at a|13

Karvandian
e{ al 14

Van Heurn
et als

Cantais
a a| 17

Adult subjects in an ICU needing
elective tracheostomy;
excluding infection, injury, or
malignancies on the anterior
part of the neck, brain
hypoperfusion, thyroid gland
hypertrophy, and coagulation
disorder

Criticaly ill adult subjects
requiring elective tracheostomy
because of long-term
ventilation; excluding local
infection, endotracheal
intubation difficulty, distorted
anatomy, and unstable cervica
spine

Critically ill subjects requiring
tracheostomy because of
prolonged ventilatory support,
airway protection, pulmonary
toilette, or facilitation of
weaning from a ventilator in an
ICU

Critically ill subjects requiring
endotracheal intubation for
mechanical ventilation for
> 15d; excluding F,, > 0.8
or PEEP > 10 cm H,0O,
cervical spine lesion,
uncorrectable coagulopathy,
anatomical distortion of the
trachea, previous neck surgery,
goiter, and infection involving
the operative site

Adult subjects requiring
endotracheal intubation;
excluding high oxygen
requirements, high PEEP,
cervical injuries, coagulopathy,
tracheal distortion, previous
neck surgery, goiter, obesity,
infection, and emergency
procedures

Adult subjects requiring
endotracheal intubation for
lung or neurological disease
intubated for 7-10 d; excluding
coagulopathy, tracheal
distortion, short neck, goiter,
obesity, and infection

Criticaly ill adult subjects
requiring elective tracheostomy
because of prolonged
intubation, weaning from
mechanical ventilation,
bronchial toilet, or upper
airway obstruction; excluding
PEEP > 10 mm Hg, F,5, > 0.8,
coagulopathy, local infection,
and cervical spine fracture

Adult subjects in an ICU and
expected to require mechanical
ventilation for > 10d or
prolonged protection of the
airway; excluding adverse
anatomy, short neck, cervical
spine stiffness, coagulation
disorder, and high intracranial
pressure

Ciaglia balloon dilation under
genera intravenous
anesthesia with fiberoptic
guidance

PercuTwist tracheostomy at
bedside under general
intravenous anesthesia with
fiberoptic guidance

Griggs tracheostomy under
general intravenous
anesthesia

Griggs tracheostomy under
genera intravenous
anesthesia at the bedside

Griggs tracheostomy under
general intravenous
anesthesia with fiberoptic
guidance at the bedside

Griggs tracheostomy under
genera intravenous
anesthesia with fiberoptic
guidance at the bedside

Griggs tracheostomy without
fiberoptic guidance

Fantoni tracheostomy under
genera intravenous
anesthesia at the bedside
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Ciaglia Blue Rhino dilation under
general intravenous anesthesia
with fiberoptic guidance

Blue Rhino tracheostomy under
general intravenous anesthesia
with fiberoptic guidance at the
bedside

Blue Rhino tracheostomy under
general intravenous anesthesia

Blue Rhino tracheostomy under
general intravenous anesthesia
at the bedside

Blue Rhino tracheostomy under
general intravenous anesthesia
with fiberoptic guidance at the
bedside

Blue Rhino tracheostomy under
general intravenous anesthesia
with fiberoptic guidance at the
bedside

Ciaglia multiple dilator
tracheostomy without fiberoptic
guidance

Griggs tracheostomy under
genera intravenous anesthesia
at the bedside

Complications occurring during the
surgical procedure and seen
during the subject’s stay in an
ICU such as bleeding, false
passage, inability to complete the
procedure, tracheal tears,
pneumothorax, and mortality

Complications classified as serious,
intermediate; and minor;
difficulty in dilation and
insertion classified as | (without
difficulty), Il (minor difficulties),
111 (very difficult but possible),
and IV (impossible, switch to
another tracheostomy method)

Complications such as bleeding,
infection, decannulation, and
difficulty of insertion; subjective
assessment of dilation and
cannulation; bronchoscopy
assessment of mucosal tears and
circumferential disruption of
tracheal rings

Complications occurring during the
surgical procedure and seen
during the subject’s stay in an
ICU such as bleeding, false
passage, inability to complete the
procedure, tracheal tears,
pneumothorax, and mortality

Complications such as difficulty,
bleeding, ring fracture, posterior
tracheal wall perforation,
pneumothorax, and desaturation

Complications such as emphysema,
hypotension, arrhythmia,
bleeding, ring fracture, posterior
tracheal wall perforation,
pneumothorax, and desaturation

Complications such as hemorrhage
false passage and infection;
subjective assessment of dilation
and cannulation

Complications occurring during the
surgical procedure and seen
during the subject’s stay in an
ICU such as bleeding, false
passage, inability to complete the
procedure, tracheal tears,
pneumothorax, and mortality

(continued)
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Table 1.  Continued
Reference Subjects Intervention Control Outcome
Nates Adult subjects in an ICU with Griggs tracheostomy under Ciaglia multiple dilator Complications classified as serious,
et al18 upper airway obstruction, general intravenous tracheostomy under general intermediate, and minor;
prolonged protection of the anesthesia at the bedside intravenous anesthesia at the difficulty in dilation and
airway, or facilitation of bedside insertion classified as | (without
weaning; excluding infection, difficulty), Il (minor difficulties),
coagulation disorder, adverse Il (very difficult but possible)
anatomy, previous neck and IV (impossible, switch to
surgery, pregnancy, burns, and another tracheostomy method)
post-sternotomy
Montcriol Adult subjects in an ICU needing  PercuTwist tracheostomy Griggs tracheostomy under Complications classified as major
et a1 elective tracheostomy; under genera intravenous general intravenous anesthesia and minor; difficulty in dilation
excluding adverse anatomy, anesthesia with fiberoptic with fiberoptic guidance and insertion
short neck, cervical spine guidance at the bedside
stiffness or trauma, coagulation
disorder, and brain
hypoperfusion
Kaiser Adult subjects in an ICU needing  Griggs tracheostomy under Ciaglia multiple dilator Complications occurring during the
et a2 elective tracheostomy because general intravenous tracheostomy under general surgical procedure such as
of expected ventilator anesthesia with fiberoptic intravenous anesthesia with bleeding, false passage, inability
dependence for > 10d, guidance at the bedside fiberoptic guidance at the to complete the procedure,
respiratory insufficiency, and bedside tracheal tears, pneumothorax,
neurological problems; and mortality
excluding adverse anatomy,
short neck, cervical spine
stiffness or trauma, and
coagulation disorder
Johnson Adult subjects in an ICU with Blue Rhino tracheostomy Ciaglia multiple dilator Complications occurring during the
etal2t indications for tracheostomy under general intravenous tracheostomy under general surgical procedure such as
such as ventilator dependence, anesthesia without intravenous anesthesia without bleeding, false passage, inability
inability to protect the airway fiberoptic guidance at the fiberoptic guidance to complete the procedure,
due to decreased mental status, bedside tracheal tears, pneumothorax,
facia trauma, and difficulty and mortality
weaning from a ventilator
Byhahn Criticaly ill adult subjects Blue Rhino tracheostomy Ciaglia multiple dilator Complications such as bleeding,
et al22 requiring elective tracheostomy under genera intravenous tracheostomy under genera ring fracture, posterior tracheal
because of long-term anesthesia with fiberoptic intravenous anesthesia with wall perforation, pneumothorax,
ventilation; excluding local guidance at the bedside fiberoptic guidance and desaturation
infection, endotracheal
intubation difficulty, distorted
anatomy, and unstable cervical
spine
Y urtseven Adult subjects requiring Griggs and PercuTwist Ciaglia multiple dilator Complications such as hypoxemia,
etaz endotracheal intubation for tracheostomy under genera tracheostomy under genera cardiovascular events, technical

> 10 d due to acute respiratory
stress syndrome, infections, or
cerebrovascular events;
excluding prior tracheostomy,
hemorrhagic disorders,
anatomic abnormalities of the
trachea or cervical region,
infection, and need for an
emergency airway

intravenous anesthesia with
fiberoptic guidance at the
bedside

intravenous anesthesia with
fiberoptic guidance

difficulties, subcutaneous
emphysema, procedural
mortality, tracheal tears, tracheal
stenosis, false passage, tracheo-
oesophageal fistula, and bleeding

There were no deaths related to the procedure. In 2012,
Kumar et a3 compared the Ciaglia Blue Rhino versus
Griggs dilating forceps methods in 30 subjects, with the
Blue Rhino as the control group. Operators were anesthe-
siologist working in ICUs with previous experience. There
were no data about the diseases of the subjects or indica-
tions for tracheostomy. Duration of intubation was not
reported. The operating time was shorter in the Griggs
group (11.7 vs 13.9 min), but the difference was not sta-
tigtically significant. Time to decannulation was not re-
ported. Oxygen desaturation was higher in the Blue Rhino
group (33% vs 6.6%); this was not statistically significant.
There were more cases of airway loss in the Ciaglia group
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(2 vs 0). Karvandian et a4 in 2012 compared the Ciaglia
Blue Rhino versus Griggs dilating forceps methods in 100
subjects and considered the Blue Rhino as the control
group. Operators were anesthesiol ogists with previous ex-
perience. Sixty-five subjects had pulmonary disorders, and
35 subjects had neurological disorders. Eighty-five sub-
jects had an intubation duration of > 10 d. The operating
time was shorter than 5 min in the Griggs group (82% in
the Griggs group vs 24% in the Ciaglia group), which was
statistically significant. Time to decannulation was not re-
ported. Minimal bleeding was higher in the Blue Rhino
group (92% vs 70%), and significant bleeding was similar
between groups.
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Table 2. Eventsin Studies Comparing Different Techniques of Percutaneous Tracheostomy
Outcome
Posterior :
Comparison n Trg:rr]leal Trachea  Pneumo- Oxygen Major ,k?r\sz\sl Of/ Minor Difficult Puncture of Hygc;trg?:conl Overdilation
Fractgre Wwall thorax ~ Desaturation Bleeding Intubaetii):)n Bleeding n Y Endotracheal Arthvthmia )
) Injury (n) < 90% (n) (n) o (n) Tube (n) %)
(n)
Byhahn et al22
Ciaglia multiple 25 2 2 1 1 0 3 3 5 NR NR NR
dilator
Ciaglia Blue Rhino 25 9 0 0 2 0 1 4 2 NR NR NR
Johnson et a2t
Ciaglia multiple 25 NR 0 0 0 0 NR NR NR NR NR NR
dilator
Ciaglia Blue Rhino 25 NR 0 0 1 0 NR NR NR NR NR NR
Cianchi et a”
Ciaglia Blue Rhino 35 3 0 0 0 0 0 12 2 NR NR NR
Ciaglia Blue 35 6 0 0 0 0 0 24 10 NR NR NR
Dolphin
Ambesh et al1t
Ciaglia Blue 30 9 2 1 0 0 0 1 2 2 2 0
Rhino
Griggs 30 0 0 0 0 0 0 5 9 3 0 7
Afion et al12
Ciaglia Blue 27 NR 0 0 0 0 0 2 0 NR NR NR
Rhino
Griggs 26 NR 0 0 2 0 0 1 3 NR NR NR
Kumar et a3
Ciaglia Blue 15 0 0 1 5 0 2 NR 2 NR 1 0
Rhino
Griggs 15 0 0 0 1 0 0 NR 1 NR 0 0
Karvandian et al4
Ciaglia Blue 50 0 0 1 1 1 1 46 1 NR 6 NR
Rhino
Griggs 50 0 0 0 0 1 0 35 8 NR 5 NR
Birbicer et al24
Ciaglia multiple 50 NR 0 2 0 0 NR 2 NR NR NR NR
dilator
PercuTwist 50 NR 0 0 0 0 NR 2 NR NR NR NR
Byhahn et al1®
Ciaglia Blue 35 1 0 NR 1 0 0 3 1 NR NR NR
Rhino
PercuTwist 35 1 2 NR 2 0 1 2 8 NR NR NR
Kaiser et a2
Ciaglia multiple 48 NR 2 1 6 NR 1 17 3 NR NR NR
dilator
Griggs 52 NR 1 0 0 NR 0 6 0 NR NR NR
Nates et al18
Ciaglia multiple 52 NR NR NR NR 1 0 NR 14 NR NR NR
dilator
Griggs 48 NR NR NR NR 7 2 NR 12 NR NR NR
Van Heurn et a6
Ciaglia multiple 63 NR NR NR NR 2 0 2 2 NR NR NR
dilator
Griggs NR NR NR NR 3 2 4 8 NR NR NR
Yurtseven et a2
Ciaglia multiple 1 1 0 0 0 NR 6 2 NR 0 NR
dilator
Griggs 41 0 1 0 0 0 NR 4 1 NR 0 NR
PercuTwist 45 0 0 0 0 NR 1 1 NR 0 NR
Cantais et al'”
Griggs 47 NR 0 0 0 NR 0 12 0 NR NR NR
Fantoni 53 NR 2 0 3 NR 4 2 11 NR NR NR
Montcriol et al®
Griggs 42 NR 0 0 0 1 1 2 0 NR NR NR
PercuTwist 45 NR 0 0 1 0 2 1 4 NR NR NR
NR = not reported
ResrPIRATORY CARE © NovEmBER 2014 VoL 59 No 11 1665



PercuTANEOUS TRACHEOSTOMY METHODS

Table 3.  Methodological Quality of Studies Included
Byhahn Van Heurn Ambesh  Afion  Cantais Nates Montcriol Kaiser Cianchi  Johnson Byhahn Yurtseven Kumar Karvandian
et a1 et al1® etalll  etal2 etall? et a8 etal1® et a2 etal” eta?t  etal® etalz3 etal3 et a1t

Random Low risk Low risk Low risk Low risk Low risk Unclear Low risk Low risk Low risk Low risk Low risk Low risk Low risk High risk
sequence
generation

Allocation Unclear Unclear Unclear Unclear Lowrisk Unclear Low risk Low risk Unclear Low risk Unclear Low risk Low risk High risk
conceal ment

Blinding of Low risk Low risk  Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Unclear Low risk Low risk Low risk
participants
and personnel

Blinding of Low risk Low risk  Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
outcome
assessment

Incomplete Low risk Low risk  Low risk Low risk Low risk Low risk Highrisk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
outcome
data

Selective Low risk Low risk  Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
reporting

Other Low risk Low risk  Low risk Low risk Low risk Highrisk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Risk differenceswere —9.5% (95% ClI —15.7 to —3.3) for
tracheal ring fracture, —7.5% (95% Cl —16.1 to 1.2) for
minor bleeding, 13.2% (95% CI 5.6—20.8) for difficulty, and
15.6% (95% Cl 3.9-27.2) for overdilation. There was no
major bleeding or loss of airway/intubation. Comparisons of
other outcomes were not statistically significant.

Ciaglia Multiple Dilator Versus PercuTwist

In 2008, Birbicer et a24 compared these 2 methods in
100 subjects. Operators were anesthesiologists, but there
was no information about their experience, the subjects
conditions, or indications for tracheostomy. Duration of
intubation was ~7 d. The operating time was shorter with
the PercuTwist method (2.9 vs 4.1 min). Data about time
to cannulation were not provided. There were no statisti-
cally significant differencesin outcome comparisons. There
were no events of posterior tracheal wall injury, oxygen
desaturation, or major bleeding.

Ciaglia Blue Rhino Versus PercuTwist

In 2002, Byhahn et al1° compared these 2 methodsin 70
subjects, with the Blue Rhino as the control group. There
were no data about operators and their experience, the
subjects’ conditions, indicationsfor tracheostomy, or length
of the procedure. Time to intubation was ~9 d. There were
no deaths related to the procedure. The risk difference for
difficulty was —20% (95% CI —35to —5). There were no
events of major bleeding, and comparisons of other out-
comes were not statistically significant.

Ciaglia Multiple Dilator Versus Griggs

In 2000, Nates et al'8 compared these 2 methods in
100 subjects, with the Ciaglia method considered as the
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control group. Operators were intensivists with previous
experience. Results were stratified according to experi-
ence without differences in complications. Duration of
intubation was 6.5 d. Most subjects were trauma pa-
tients (46%), and the main indication for tracheostomy
was prolonged intubation (90%). The length of the pro-
cedure was shorter in the Griggs group (6 vs 7 min), but
the difference was not statistically significant. Diffi-
culty measured on a numerical scale showed a higher
grade in the Griggs group (1.8 vs 1.3); this was statis-
tically significant. Anesthesia complications, including
hypotension, premature extubation, new atrial fibrilla-
tion, and desaturation, were equally distributed across
both groups. There were no deaths related to the pro-
cedure. In 2001, Van Heurn et al*¢ compared the 2 meth-
odsin 127 subjects. The tracheostomies were done by or
under the supervision of surgeons. There were no data
about experience or the subjects medical conditions.
The main indication for tracheostomy was prolonged
intubation (67%). Duration of intubation was ~14 d,
and time to decannulation was ~21 d. The length of the
procedurewas shorter for the Griggs method (5vs6 min),
and the difference was not statistically significant. There
were no deaths related to the procedures. In 2006, Kai-
ser et al20 compared the 2 methods in 100 subjects.
Operators were intensivists with previous experience.
Most subjects had neurological conditions (63%). There
were no data about indications for tracheostomy. Dura-
tion of intubation was ~8 d. The length of the proce-
dures was shorter for the Griggs method (4 vs 7 min).
There were no differences in P,o,, Pco, PH, arterial
pressure, or heart rate measurements between groups.
There were no deaths related to the procedures. There
were no statistically significant differences in outcome
comparisons.
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Ciaglia Multiple Dilator Versus PercuTwist Versus
Griggs

In 2007, Y urtseven et al23 compared these 3 methods in
130 subjects, with the Ciaglia method as the control group.
Operatorswere anesthesi ol ogistswith previous experience.
Most subjects had pulmonary disorders (82%). Time of
intubationwas ~15d, and timeto decannul ation was ~34 d.
The lengths of the procedures were shorter for the Percu
Twist method (5.4 min) versus the Griggs (6.2 min) and
Ciaglia (9.9 min) methods. No deaths related to the pro-
cedures were reported. There were no statistically signif-
icant differences in outcome comparisons. There were no
events of pneumothorax, oxygen desaturation, major bleed-
ing, or hypotension.

Griggs Versus Fantoni

In 2002, Cantais et a*” compared these 2 methods in
100 subjects. Operators were surgeons and anesthesiolo-
gists, but there was no information about their experience.
Most subjects had neurological conditions (44%), but there
were no data about indications for tracheostomy or time to
decannulation. Duration of intubation was ~18 d. The
length of the procedure was shorter for the Griggs method
(6.9 vs 12.9 min). There were no differencesin P, , Po ,
and pH measurements between groups, but there was an
increase in arterial pressure and heart rate in the transla-
ryngeal method. No deaths related to the procedures were
reported. The risk difference for difficulty was —20.8%
(95% Cl —317 to —9.8). Comparisons of other outcomes
were not statistically significant.

Griggs Versus PercuTwist

In 2011, Montcriol et al1® compared these 2 methods in
87 subjects. Operators were intensivists with previous ex-
perience. Most subjects had neurological conditions (44%).
There were no data about indications for the procedure or
time to decannulation. Duration of intubation was ~10 d.
There were no differencesin P,o , Poo , PH, arterial pres-
sure, heart rate, or intracranial pressure measurements be-
tween the groups. The length the procedure was shorter for
the Griggs method (3 vs 5 min). There were no deaths
related to the procedures. There were no statistically sig-
nificant differences in outcome comparisons. There were
no events of posterior tracheal wall injury and pneumo-
thorax.

A comparison was made between the Blue Rhino versus
the other methods because the former is the most used
device.10-14 The pooled risk differences were 0% (95% Cl
—3.7 to 3.7, 1> 0%) for posterior tracheal wall injury,
—2.5% (95% Cl —6.6 to 1.7, 12 0%) for pneumothorax,
—1.3% (95% Cl —5.7 to 3.2, 1% 38.5%) for oxygen de-
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saturation, —6.3% (95% Cl —13.5 to 0.8, 12 74.2%) for
minor bleeding, 14.7% (95% Cl 8-21.5, 12 25.7%) for
difficulty, 0% (95% ClI —3.0 to 3.0, 1> 0%) for major
bleeding, and —16.5% 95% CI (2.1 to —31.0, % 0%) for
total complications. It was not possible to make the same
comparison for the Griggs method versus the other meth-
ods due to lack of outcome data.

Discussion

Tracheostomy has a long history in surgery. Excellent
reviews about this subject show that the procedure was
common and had good results even in ancient Egypt.125
The procedure remained unchanged for > 20 centuries. In
the middle of the 20th century, Shelden et al26 modified
and described the first attempt of a less invasive trache-
ostomy, but it was not successful. Later in 1985, Pasquale
Ciaglia, a thoracic surgeon in Utica, New York, first de-
scribed 26 patients treated with a technique of percutane-
ous dilational tracheostomy based on the Seldinger prin-
ciple, using anephrostomy kit.2In 1990, William M Griggs,
an intensivist from Adelaide, Australia, described his
method using guidewire dilating forceps, which were
adapted Kelly clamps that allowed the passage of the wire
to guide tracheal dilation.# In 1995, Antonio Fantoni, from
the anesthesia group at the San Carlo Borromeo Hospital
in Milan, Italy, described the method of translaryngeal
tracheostomy using the previously described procedure of
Ciaglia, but in aretrograde fashion.8 In 2002, Giulio Frova,
from the anesthesia department of the Civil Hospital in
Brescia, Italy, described the method using a screw-like
dilator.5 In 2005, Michagl A Zgoda,® from the pulmonary
department at the University of Kentucky, described bal-
loon dilation used with the Ciaglia Blue Rhino method.

All these techniques were designed with the specific
objective of making a small incision with consequently
less wound complications, simplifying the procedure so
that it could be done at the bedside without an anesthesi-
ologist or intubation while avoiding moving the patient to
the operating room. However, some methods offer advan-
tagesover the others. For example, with the Griggs method,
insertion is under direct vision and with only one dilation
compared with the Ciaglia multiple dilator technique. The
Fantoni method guarantees that the tube is intratracheal,
and the Frova method tries to decrease the risk of cartilage
fracture.

Although thereis clear evidence of clinical equivalence
between open and percutaneous tracheostomies,27-30 there
is not enough information to conclude which of the per-
cutaneous tracheostomy techniques is the best in terms of
insertion success and complication rates.

Inthisreview, 14 RCTs comparing different methods of
percutaneous tracheostomy were found. The main features
of each study are shown in Table 1. Most studies, except

1667



PercuTANEOUS TRACHEOSTOMY METHODS

Events/ Events/

Study RD (95% CI) Treatment_Control
Byhahn et al'® —-—0— 0.20 (0.05,0.35) 8/35 1/35
Ambesh et al' E * 0.23 (0.05,0.42) 9/30 2/30
Afion et al'? ——0—-— 0.12(-0.02, 0.25) 3/26 027
Kumar et al'® * -0.07 (-0.28, 0.15) 1/15 2/15
Karvandian et al' —d— 0.14 (0.03, 0.25) 8/50 1/50
Overall (12 = 25.7%, P = .25) <> 0.15(0.08,0.22) 29/156  6/157

01 0 01

Other Blue Rhino
Fig. 2. Forrest plot for difficulty of the Blue Rhino method versus other methods. RD = risk difference.

that by Karvandian et al,'# are classified as low bias risk
according to the Cochrane Collaboration criteria (see Ta
ble 2). Two studies compared the origina Ciaglia tech-
nigue with its modern version, the Ciaglia Blue Rhino
method. The risk of tracheal ring fracture was the only
statistically significant outcome that was higher in the Blue
Rhino method. It was not possible to find a statistical
difference in the other outcomes, but for most of the out-
comes of these comparisons, only data from one study
could be used. Only one study compared the Blue Rhino
and Blue Dolphin methods, with more statistically signif-
icant events of minor bleeding and more subjective diffi-
culty in the latter without differences in other outcomes. It
was not possible to find information about the total num-
ber of complications. Comparison between the Blue Rhino
and Griggs methods revealed a statistically significant dif-
ference in subjective tracheal ring fracture, minor bleed-
ing, difficulty, and overdilation with the Griggs method,
without differences in other outcomes. Comparisons be-
tween the original Ciaglia and PercuTwist methods and
between the Ciaglia, Griggs, and PercuTwist methods did
not indicate a statistically significant difference in any
outcomes. Comparison between the Blue Rhino and
PercuTwist showed that only difficulty was statistically
different (higher for PercuTwist), but Birbicer et al2# did
not report trachea ring fractures, and Byhahn et al22 did
not report pneumothorax incidences.

In the comparison between the original Ciaglia and
Griggs methods, no statistically significant difference were
found in any outcome, with only a minor trend for major
bleeding with the Griggs method. However, not all out-
comes were reported by the trials, so many comparisons
were made with datafrom only one or 2 trials. Comparison
between the Griggs and Fantoni methods showed higher
difficulty with the Fantoni method, without differencesin
other outcomes, whereas comparison between the Griggs
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and PercuTwist methods showed no differences in any
outcomes.

As is evident from the above, comparisons between
individual methods did not offer data to determine which
method is superior because of the low number of trias, the
incomplete number of events in some comparisons, and
the small sample sizes in others. Therefore, a comparison
was made between the Blue Rhino method and the other
methods combined based on the availability and wide use
of the Blue Rhino method. A lower subjective difficulty
and more minor bleeding with the Blue Rhino method
were found (Fig. 2), but with an important statistical het-
erogeneity as defined by the Higgins 1%, which suggests
that the pooled results are not conclusive. There was no
higher major bleeding with the Blue Rhino method (Fig.
3). The other outcomes were not different, but had the
same problems as with the individual analyses. A finding
that was clear in al studies is a shorter time with the
simple dilator method. However, time differences of afew
minutes probably do not have aclinical impact on patients.

When new devices are designed and introduced in clin-
ical practice, it is obligatory to assess their effectiveness
and safety. Some devices are totally different from exist-
ing ones, and the way to assess effectiveness is through
RCTs under a superiority hypothesis.3132 However, most
devicesintroduce only minor improvements compared with
existing products; in such cases, the way to assess effec-
tiveness and safety is in trials based on equivaence or
non-inferiority hypotheses.31-32 This applies to percutane-
ous tracheostomy methods. After Ciaglia's design based
on the Seldinger principle, the newer methods introduced
only small changes designed to increase simplicity, speed,
or safety of the previous methods. The equivalence trials
are highly exigent due to the large sample size necessary
to probe the hypothesis. In recent years, the appearance of
the non-inferiority trial has offered a novel method that
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Study

Events/ Events/

RD (95% Cl) Treatment Control

Byhahn et al"®

0.00 (-0.05. 0.05) 0/35 0/35

Ambesh et al'! 0.00 (-0.06, 0.06) 0/30 0/30
Afion et al'? 0.00 (-0.07,0.07) 0/26 0/27
Kumar et al*® 0.00 (-0.12, 0.12) 0/15 0/15
Karvandian et al™ 0.00 (-0.05, 0.05) 1/50 1/50

Overall (12=0.0%, P> .99)

<>

0.00 (-0.03, 0.03) 1/156 1157

-0.1

0
Other Blue Rhino

0.1

Fig. 3. Forrest plot for major bleeding of the Blue Rhino method versus other methods. RD = risk

difference.

partially resolves the problem of huge sample sizes. If we
want to test the equivalence of different percutaneous tra-
cheostomy methods based on the low number of serious
complications or rates of difficulty, ~0—6%34 and a tol-
erable clinical difference of 2%, it will be necessary to
collect > 6,500 patients. However, if a non-inferiority hy-
pothesis is chosen, the sample size will probably decrease
to 1,500 patients. Thisinformation helps one to understand
the challenge of assessing the methods of percutaneous
tracheostomy. Although 14 randomized trials were found,
different methods were evaluated with different control
groups and small sample sizes, making it difficult to sup-
port an equivalence hypothesis. Moreover, none of the
studies included considered the non-inferiority hypothesis,
so it is hard to determine that one method is not inferior to
another. Themethodol ogi cal evaluation of thetrialsshowed
that although they complied with most of the Cochrane
criteria to assess hias, the design and small sample size
preclude reaching a clinically relevant conclusion. The
problem of lack of power has been a constant in clinical
research, and trials designed without a large enough sam-
ple size have even been considered unethical by some
authors.®5 In 2012, Cabrini et al® tried to solve this prob-
lem with a meta-analysis. However, | differ from their
approach. | excluded one of the trials they included,'> so
data about events and number of total complications were
different from this study. Although Cabrini et a® found a
high statistical heterogeneity, they accepted the pooled
result, which is not recommended by meta-analysis ex-
perts_36—38

Most authors in the individual studies and in the only
existing meta-analysis suggested that treatments are equiv-
alent, but the type-2 error precludes support for this con-
clusion, so it is not possible to determine whether one of
the percutaneous method is better than another.
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Another problem with the studies that were evaluated is
the heterogeneity in defining outcomes. Complications
were defined differently in the studies. For some authors,
bleeding was major when requiring any form of interven-
tion, but others defined it by quantity. Outcomes reported
were also heterogeneous. Some reported all complications,
but others reported only some, which decreases the num-
ber of eligible subjects to be included in a meta-analysis.
The subjective aspect of surgical difficulty in introduction
of aguidewire or dilation of the trachea was also a prob-
lem because the definition of these outcomes was difficult
to standardize. Thus, it is probable that pooled results do
not reflect reality about outcomes.

Conclusions

There are different methods of percutaneous tracheos-
tomy, but it is impossible to determine which is better. |
can only suggest that the Blue Rhino method is less dif-
ficult and probably has more minor bleeding events, but
physicians also have more experience with this technique,
so it is preferred over other methods. However, selection
of each method must be made based on clinical criteria,
experience, and availability. A larger RCT must be de-
signed to compare the most common Blue Rhino method
with the others based on previous calculation of sample
size and a standard definition of important outcomes that
allow this problem to be solved. It is also important to
realizethat percutaneoustracheostomy has been tested only
in low-risk patients. Therefore, open tracheostomy is still
the standard of care for most patients with adverse ana-
tomical or ventilatory factors, even in ICUs with experi-
ence in percutaneous tracheostomy.

1669



10.

11.

12.

13.

14.

15.

16.

17.

PercuTANEOUS TRACHEOSTOMY METHODS

REFERENCES

. Pratt LW, Ferlito A, Rinaldo A. Tracheotomy: historical review.

Laryngoscope 2008;118(9):1597-1606.

. Ciaglia P, Firsching R, Syniec C. Elective percutaneous dilatational

tracheostomy. A new simple bedside procedure; preliminary report.
Chest 1985;87(6):715-719.

. Ciaglia P. Technique, complications, and improvements in percuta-

neous dilatational tracheostomy. Chest 1999;115(5):1229-1230.

. Griggs WM, Worthley LI, Gilligan JE, Thomas PD, Myburg JA. A

simple percutaneous tracheostomy technique. Surg Gynecol Obstet
1990;170(6):543-545.

. Frova G, Quintel M. A new simple method for percutaneous trache-

ostomy: controlled rotating dilation. A preliminary report. Intensive
Care Med 2002;28(3):299-303.

. Zgoda MA, Berger R. Balloon-facilitated percutaneous dilational

tracheostomy tube placement: preliminary report of a novel tech-
nique. Chest 2005;128(5):3688-3690.

. Cianchi G, Zagli G, Bonizzoli M, Batacchi S, Cammelli R, Biondi S,

et a. Comparison between single-step and balloon dilatational tra-
cheostomy in intensive care unit: a single-centre, randomized con-
trolled study. Br J Anaesth 2010;104(6):728-732.

. Fantoni A, Ripamonti D. A non-derivative, non-surgical tracheos-

tomy: the translaryngeal method. Intensive Care Med 1997;23(4):
386-392.

. Cabrini L, Monti G, Landoni G, Biondi-Zoccai G, Boroli F, Mamo

D, et a. Percutaneous tracheostomy, a systematic review. Acta An-
aesthesiol Scand 2012;56(3):270-281.

Byhahn C, Westphal K, Meininger D, Gurke B, Kessler P, Lischke
V. Single-dilator percutaneous tracheostomy: a comparison of Per-
cuTwist and Ciaglia Blue Rhino techniques. Intensive Care Med
2002;28(9):1262-1266.

Ambesh SP, Pandey CK, Srivastava S, Agarwal A, Singh DK. Per-
cutaneous tracheostomy with single dilatation technique: a prospec-
tive, randomized comparison of Ciaglia Blue Rhino versus Griggs
guidewire dilating forceps. Anesth Analg 2002;95(6):1739-1745.
Afion JM, EscuelaMP, Gomez V, Moreno A, Lopez J, Diaz R, et al.
Percutaneous tracheostomy: Ciaglia Blue Rhino versus Griggs' guide
wire dilating forceps. A prospective randomized trial. Acta Anaes-
thesiol Scand 2004;48(4):451-456.

Kumar M, Trikha A, Chandralekha. Percutaneous dilatational tra-
cheostomy: Griggs guide wire dilating forceps technique versus
ULTRA-perc single-stage dilator—a prospective randomized study.
Indian J Crit Care Med 2012;16(2):87-92.

Karvandian K, Yousefian M, Khan ZH, Baigmohammadi T, Shabani
S. Comparative clinical trial between Ciaglia and Griggs techniques
during tracheostomy performed in patients admitted to intensive care
unit. Acta Med Iran 2012;50(8):525-529.

Stocchetti N, Parma A, Lamperti M, Songa V, Tognini L. Neuro-
physiological consegquences of three tracheostomy techniques: aran-
domized study in neurosurgical patients. J Neurosurg Anesthesiol
2000;12(4):307-313.

Van Heurn LW, Mastboom WB, Scheeren Cl, Brink PR, Ramsay G.
Comparative clinica trial of progressive dilatational and forceps
dilatational tracheostomy. Intensive Care Med 2001;27(1):292-295
Cantais E, Kaiser E, Le-Goff Y, Palmier B. Percutaneous tracheos-
tomy: prospective comparison of the translaryngeal technique versus
the forceps-dilational technique in 100 criticaly ill adults. Crit Care
Med 2002;30(4):815-819.

1670

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Nates JL, Cooper DJ, Myles PS, Scheinkestel CD, Tuxen DV. Per-
cutaneous tracheostomy in critically ill patients: a prospective, ran-
domized comparison of two techniques. Crit Care Med 2000;28(11):
3734-3739.

Montcriol A, Bordes J, Asencio Y, Prunet B, Lacroix G, Meaudre E.
Bedside percutaneous tracheostomy: a prospective randomised com-
parison of PercuTwist versus Griggs forceps dilational tracheos-
tomy. Anaesth Intensive Care 2011;39(2):209-216.

Kaiser E, Cantais E, Goutorbe P, Salinier L, Palmier B. Prospective
randomized comparison of progressive dilational vs forceps dila-
tiona percutaneous tracheostomy. Anaesth Intensive Care 2006;
34(1):51-54.

Johnson JL, Cheatham ML, Sagraves SG, Block EF, Nelson LD.
Percutaneous dilational tracheostomy: acomparison of single- versus
multiple-dilator techniques. Crit Care Med 2001;29(6):1251-1254.
Byhahn C, Wilke HJ, Halbig S, Lischke V, Westphal K. Percutane-
ous tracheostomy: Ciaglia Blue Rhino versus the basic Ciaglia tech-
nique of percutaneous dilational tracheostomy. Anesth Analg 2000;
91(4):882-886.

Yurtseven N, Aydemir B, Karaca P, Aksoy T, Komurcu G, Kurt M,
et a. PercuTwist: a new alternative to Griggs and Ciaglia's tech-
niques. Eur J Anaesthesiol 2007;24(6):492-497.

Birbicer H, Doruk N, Yapici D, Atici S, Altunkan AA, Epozdemir S,
Oral U. Percutaneous tracheostomy: a comparison of PercuTwist and
multi-dilatators techniques. Ann Card Anaesth 2008;11(2):131.
Ferlito A, Rinaldo A, Shaha AR, Bradley PJ. Percutaneous trache-
otomy. Acta Otolaryngol 2003;123(9):1008-1012.

Shelden CH, Pudenz RH, Freshwater DB, Crue BL. A new method
for tracheotomy. J Neurosurg 1955;12(4):428-431.

Cheng E, Fee WE Jr. Dilatational versus standard tracheostomy: a
meta-analysis. Ann Otol Rhinol Laryngol 2000;109(9):803-807.
Delaney A, Bagshaw SM, Nalos M. Percutaneous dilatational tra-
cheostomy versus surgical tracheostomy in critically ill patients: a
systematic review and meta-analysis. Crit Care 2006;10(2):R55.
Freeman BD, Isabella K, Lin N, Buchman TG. A meta-analysis of
prospective trials comparing percutaneous and surgical tracheostomy
in critically ill patients. Chest 2000;118(5):1412-1418.

Higgins KM, Punthakee X. Meta-analysis comparison of open ver-
sus percutaneous tracheostomy. Laryngoscope 2007;117(3):447-454.
Goeman JJ, Solari A, Stijnen T. Three-sided hypothesis testing: si-
multaneous testing of superiority, equivalence and inferiority. Stat
Med 2010;29(20):2117-2125.

Lesaffre E. Superiority, equivalence, and non-inferiority trials. Bull
NYU Hosp Jt Dis 2008;66(2):150-154.

Cipriani A, Girlanda F, Barbui C. Superiority, equivalence or non-
inferiority? Epidemiol Psichiatr Soc 2009;18(4):311-313.

. Kearney PA, Griffen MM, Ochoa JB, Boulanger BR, Tseui BJ,

Mentzer RM Jr. A single-center 8-year experience with percutaneous
dilational tracheostomy. Ann Surg 2000;231(5):701-709.

Altman DG. Sttistics and ethics in medica research: 111 how large
a sample? Br Med J 1980;281(6251):1336-1338.

loannidis JP. Interpretation of tests of heterogeneity and bias in
meta-analysis. J Eval Clin Pract 2008;14(5):951-957.

Keefe SM, Strom BL. On the importance of heterogeneity in meta-
analysis. Clin Trials 2009;6(5):443-444.

Song F, Sheldon TA, Sutton AJ, Abrams KR, Jones DR. Methods for
exploring heterogeneity in meta-analysis. Eval Health Prof 2001;
24(2):126-151.

ResPirATORY CARE © NovEMBER 2014 VoL 59 No 11



