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Objectives: Vital organ hypoperfusion significantly contributes
to the dismal survival rates observed with manual cardiopulmo-
nary resuscitation after cardiac arrest. The impedance threshold
device is a valve which reduces air entry into lungs during chest
recoil between chest compressions, producing a potentially ben-
eficial decrease in intrathoracic pressure and thus increasing
venous return to the heart. This review provides an update on the
impedance threshold device and underlines its effect on short-
term survival.

Data Source: MedGCentral, CENTRAL, PubMed, and conference
proceedings were searched (updated March 27, 2007). Authors
and external experts were contacted.

Study Selections: Three unblinded reviewers selected random-
ized trials using an impedance threshold device in cardiopulmo-
nary resuscitation of nontraumatic out-of-hospital cardiac ar-
rests. Four reviewers independently abstracted patient, treatment
and outcome data.

Data Extraction: A total of 833 patients from five high quality
randomized studies were included in the analysis.

Data Synthesis: Pooled estimates showed that the impedance
threshold device consistently and significantly improved return to
spontaneous circulation (202/438 [46%] for impedance threshold
device group vs. 159/445 [36%] for control, relative risk [RR] =
1.29 [1.10-1.51], p = .002), early survival (139/428 [32%] vs.
97/433 [22%], RR = 1.45 [1.16-1.80], p = .0009) and favorable
neurologic outcome (39/307 [13%] vs. 18/293 [6%], RR = 2.35
[1.30-4.24], p = .004) with no effect on favorable neurologic
outcome in survivors (39/60 [65%] vs. 18/44 [41%]) nor an im-
proved survival at the longest available follow up (35/428 [8.2%]
vs. 24/433 [5.5%)]).

Conclusions: This meta-analysis of randomized controlled stud-
ies suggests that the impedance threshold device improves early
outcome in patients with out-of-hospital cardiac arrest undergoing
cardiopulmonary resuscitation. (Crit Care Med 2008; 36:1625-1632)

Kev Worps: impedance threshold devices; cardiopulmonary re-
suscitation; meta-analysis; systematic review; cardiac arrest;
randomized trials

ardiac arrest is a clinical con-
dition still characterized by a
poor prognosis (1, 2). In the
last decades a huge attempt
was performed in order to improve sur-
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vival rate and outcome. An educational
effort was conducted toward both health-
care providers and laymen. Cultural and
technological progress enabled new ther-
apeutic options as early defibrillation and
therapeutic hypothermia; there was an
improvement in the organizational area
and new protocols for out-of-hospital and
in-hospital environment were performed.
Conversely, the pharmacologic approach
did not change in its major settings (3).

Presently the most effective topics
seem to be related to the rapidity of in-
tervention, training, the use of in-
hospital and out-of-hospital protocols,
and improvement of coronary perfusion
pressure.

Different devices to improve coronary
perfusion pressure were proposed, but
none of them has consistently been
shown to be superior to conventional
manual cardiopulmonary resuscitation
(CPR), as presented in the last American
Heart Association Guidelines for Resusci-

tation (3). Not even active compression-
decompression (ACD), probably the most
studied device, produced the expected
benefits: a recent review from Cochrane
did not show any evidence for its indica-
tion (4).

The impedance threshold device
(ITD) is a valve which reduces air entry
into lungs during chest recoil between
chest compressions, producing a de-
crease in intrathoracic pressure and in-
creasing venous return to the heart (5,
6). The effect is supposedly improved
when its use is combined with ACD,
enhancing venous return during active
decompression (7).

The purpose of this meta-analysis is to
update randomized controlled studies re-
garding ITD.

MATERIALS AND METHODS

Search Strategy. Pertinent studies were
independently searched in BioMedCentral,
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Table 1. Design features and appraisal of the internal validity of included studies®

Risk of Risk of Risk of Risk of
Main Publication ~ Multicenter Means for Treatment Selection  Performance  Attrition  Detection
Investigator Type Enrollment Allocation Concealment Allocation Bias Bias Bias Bias
Plaisance (2000)  Full paper Yes Sham device Computer-generated A A A A
randomization
Wolcke Full paper No Randomization code broke ~ Computer-generated B B A B
after initial randomization
resuscitation (clustered by
work shift)
Plaisance (2004)  Full paper Yes Sham device Randomization A A A A
Aufderheide Full paper Yes Sham device Computer-generated A A A A
randomization
Pirallo Full paper Yes Sham device Computer-generated A A A A
randomization

“Risk of bias is expressed as A (low risk), B (moderate risk), C (high risk), and D (incomplete reporting leading to inability to ascertain the underlying

risk of bias).

Table 2. Overall characteristics of 883 patients who received either ITD (438 patients) or control (in four of five cases a sham) for out-of-hospital

cardiopulmonary resuscitation

Witnessed Call to BLS Call to Device Time to
First Author N Patients Age Female Arrest VF PEA Asystole Arrival Arrival ALS Arrival
Plaisance (2000) 21 58 29% 71% 0% 0% 100% 6.6 min NR 19.8 min
Wolcke 210 67 38% 75% 40% 30% 30% 6 min 9.5 min NR
Plaisance (2004) 400 59 33% 75% 25% 4% 72% 8.6 min NR 18 min
Pirrallo 22 61 41% 45% 18% 32% 45% NR 19 min 8.7 min
Aufderheide 230 66 39% 59% 26% 23% 51% 4.7 min 12.2 min 6.8 min

N, number; VF, ventricular fibrillation; PEA, pulseless electrical activity; BLS, basic life support; ITD, impedance threshold device; ALS, advanced life

support; Min, minutes; NR, not reported.

Table 3. Settings, number of patients (randomized to ITD or control treatment) and duration of cardiopulmonary resuscitation of patients with out of

hospital cardiac arrest

Full Paper
First or N CPR Duration CPR Duration
Author Journal Year Abstract? Setting ITD N Controls ITD Group (min) Control Group (min)

Plaisance (2000) Circulation 2000 Full paper Out of hospital 11 10 26 29

Wolcke Circulation 2003 Full paper Out of hospital 103 107 35+12 34 +13
Plaisance (2004) Resuscitation 2004 Full paper Out of hospital 200 200 29 +1 27 +1
Aufderheide Crit Care Med 2005 Full paper Out of hospital 114 116 31+12 32+11
Pirrallo Resuscitation 2005 Full paper Out of hospital 10 12 46 = 10 44 +9.810

ITD, impedance threshold device; CPR, cardiopulmonary resuscitation.

CENTRAL, and PubMed (updated March 27,
2007) by several trained investigators (LC, GL,
PB, OF). The full search strategies are avail-
able in the Appendix. Further hand or com-
puterized searches involved the recent (2003—
2006) conference proceedings from the
International Anesthesia Research Society,
American Heart Association, American Col-
lege of Cardiology, American Society of Anes-
thesiology, and European Society of Cardiol-
ogy congresses. In addition, we employed
backward snowballing (i.e., scanning of refer-
ences of retrieved articles and pertinent re-
views) and contacted international experts for
further studies. No language restriction was
enforced, and non English-language articles
were translated when appropriate.
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Study Selection. References obtained from
database and literature searches were first in-
dependently examined at the title/abstract
level by several investigators (LC, GL, PB, OF)
with divergences resolved by consensus, and
then, if potentially pertinent, retrieved as
complete articles.

The following inclusion criteria were em-
ployed for potentially relevant studies: a) ran-
dom allocation to treatment, b) comparison of
ITD vs. control treatment.

The exclusion criteria were: a) nonparallel
design (i.e., crossover) randomized trials, b)
duplicate publications (in this case only the
article reporting the longest follow-up was ab-
stracted), ¢) nonhuman experimental studies,
d) no outcome data.

Two investigators (LC, GL) independently
assessed compliance to selection criteria and
selected studies for the final analysis, with
divergences finally resolved by consensus (Ta-
ble 1).

Data Abstraction and Study Characteris-
tics. Baseline and outcome data were indepen-
dently abstracted by several investigators (LC,
GL, PB, OF) with divergences resolved by con-
sensus (Table 2, Table 3, and Table 4). Specif-
ically, we extracted study design (including
patient selection and randomization), popula-
tion, clinical setting, patients’ characteristics
(age, sex, rate of witnessed cardiac arrest, ini-
tial rhythm, call of basic life support, ITD, and
advanced life support arrival), number of ran-
domized patients, length of CPR, and major

Crit Care Med 2008 Vol. 36, No. 5



Table 4. Details of treatment and control groups and of major complications

Pulmonary Witnessed Bystander
First Treatment Rib Fractures  Edema ITD vs. Vomiting ITD  Cardiac Arrest  CPR ITD vs.
Author Group Control Group ITD vs. Control Control vs. Control ITD vs. Control Control
Plaisance 2000 ACD-CPR + ITD ACD-CPR + sham ITD NR NR NR 71% vs. 60% 19% vs. 20%
Wolcke ACD-CPR + ITD Standard CPR 18 vs. 14 3vs. 0 12vs. 8 80% vs. 70% 29% vs. 27%
Plaisance 2004 ACD-CPR + ITD ACD-CPR + sham ITD 78 vs. 60 8vs. 14 NR 74% vs. 75% 10% vs. 10%
Aufderheide Standard CPR + ITD  Standard CPR sham ITD NR 9vs. 6 14vs.9 59% vs. 59% 23% vs. 31%
Pirrallo Standard CPR + ITD Standard CPR sham ITD 0vs. 0 2vs. 5 1vs. 2 45% vs. 50% 20% vs. 33%

ACD, active compression-decompression; ITD, impedance threshold device; CPR, cardiopulmonary resuscitation; NR, not reported.

complications (rib fractures, pulmonary
edema, vomiting). At least two separate at-
tempts at contacting original authors were
made in case of missing data.

The primary end-points of the present re-
view were early survival (at 24 hrs in three
studies and at intensive care unit admission in
one study) and return of spontaneous circula-
tion (ROSC). Other relevant secondary end-
points were survival at the longest follow-up
available for each study (1 yr [12], 30 days
[13], and hospital discharge [7, 15]) and neu-
rologic outcome. (Cerebral Performance Cat-
egory neurologic scoring system: 1 = normal;
2 = mild cognitive impairment; 3 = major
cognitive impairment; 4 = severe neurologic
impairment; 5 = comatose.)

Internal Validity Assessment. The internal
validity of included trials was appraised ac-
cording to the Cochrane Collaboration meth-
ods, i.e., judging the risk for selection bias
(i.e., the bias due to the unbalanced enroll-
ment of specific patient subsets in one of the
groups), performance bias (i.e., the bias due to
differences in the management of patients or
ancillary treatment, beyond the intervention
object of randomized allocation), attrition bias
(i.e., the bias due to incomplete follow-up or
different length of follow-up), and adjudica-
tion bias (i.e., the bias due to unclear, implicit,
or not universally employed definitions for
adverse events), and expressed as low risk of
bias (a), moderate risk of bias (b), high risk of
bias (c), or incomplete reporting leading to
inability to ascertain the underlying risk of
bias (d) (34). In addition, allocation conceal-
ment explicitly distinguished as adequate (a),
unclear (b), inadequate (c), or not used (d)
(Table 1). Two independent and experienced
reviewers (GL, GGLB-Z) appraised study qual-
ity, with divergences resolved by consensus.

Data Analysis and Synthesis. Binary out-
comes from individual studies were analyzed
in order to compute individual relative risks
(RR) with pertinent 95% confidence intervals
(CIs), and a pooled summary effect estimate
was calculated by means of a fixed effects
model, except in case of at least moderate
(50%) statistical inconsistency (I2) when a
random effect model was used (8). We assessed
the robustness of findings from the primary
analysis to the effects of study population and
baseline risk for any of the primary outcomes
through a series of sensitivity analyses, includ-
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51 citations retrieved
from database searches

17 from PubMed
25 from BioMedCentral
1 from CENTRAL

8 additional hits

A 4

39 titles/abstracts excluded
because non-relevant

12 studies assessed according
to the selection criteria

7 studies excluded according to
explicit exclusion criteria

5 Randomized Controlled Trials
finally included
in the systematic review

Figure 1. Flow chart of the systematic review process.

ing random effects model, and by withdrawing
one study at a time.

Statistical heterogeneity and inconsistency
was measured using, respectively, Cochrane Q
tests and I? (9). According to Higgings et al., I?
values around 25%, 50%, and 75% were con-
sidered representing, respectively, low, mod-
erate, and severe statistical inconsistency. The
risk of small study bias (including publication
bias) was assessed by visual inspection of fun-
nel plots and computing the Egger test (10).
Statistical significance was set at the two-tailed
0.05 level for hypothesis testing and at 0.10 for
heterogeneity testing. Unadjusted p values are
reported throughout. Computations were per-
formed with SPSS 11.0 (SPSS, Chicago, IL, USA)
and RevMan 4.2 (a freeware available from the
Cochrane Collaboration) (11).

This study was performed in compliance
with the Cochrane Collaboration and the
Quality of Reporting of Meta-Analyses
(QUOROM) guidelines.

Statement of Responsibility. The authors
had full access to data and take responsibility
for its integrity. All authors have read and
agree to the manuscript as written.

RESULTS

Database searches, snowballing and
contacts with experts yielded a total of 51
citations (Fig. 1). Excluding 46 nonperti-
nent titles or abstracts, we retrieved in
complete form and assessed according to
the selection criteria five studies (7, 12,
13, 14, 15), which were included in the
final analysis after the correspondent au-
thors confirmed that there was no over-
lapping and/or duplicate publication.
Four of these five studies were identified
through database searches, while snow-
balling identified the fifth study. Contact
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with experts and conference proceedings
did not identify any further study.

Study Characteristics. The five ran-
domized controlled studies included
883 patients (438 to ITD and 445 to the
control group, in four of five cases a
sham) (Table 4). All studies were per-
formed in nontraumatic out-of-hospital
adult patients and stated that the up-
dated international basic life support
and advanced life support guidelines
were strictly followed. Patients charac-
teristics, initial rhythm and time to basic
life support, ITD, and advanced life support
are illustrated in Table 2. CRP duration,
main complications, and percentage of wit-
nessed cardiac arrest of bystander CPR did
not differ in the two groups and are illus-
trated in Tables 3 and 4.

All studies were of high quality (Table 1)
as testified by the details on the method
used for randomized sequence generation
and allocation, adequate allocation conceal-
ment, and low risk of selection, perfor-

Review:

mance, attrition and detection bias. All but
one study employed a multicenter design, a
feature which does not strictly impact on
internal validity, but usually increases ex-
ternal validity of a trial. All studies reported
on ROSC, while only four out of five studies
reported data on mortality and neurologic
outcomes. (7, 12, 13, 15).

Quantitative Data Synthesis. Overall
analysis showed that, in comparison to
control treatment, ITD was associated
with clinically relevant benefits on all
major end points. Specifically, ITD in-
creased ROSC (202/438 [46%)] in the ITD
group vs. 159/445 [36%] in the control
arm, RR = 1.29 [1.10-1.51], p for effect =
0.002, p for heterogeneity = 0.79, I2 = 0%)
(Fig. 2), and early survival (139/428
[32%] vs. 97/433 [22%], RR = 1.45
[1.16-1.80], p for effect = 0.0009, p for
heterogeneity = 0.93, I? = 0%) (Fig. 3).

There was no significant difference
with regards to a more favorable neuro-
logic outcome (Cerebral Performance

Impedance treshold devices for cardiopulmonary resuscitation

Comparison:01 Impedance threshold devices (ITD) vs control

Category neurologic scoring system 1
[12, 13] or 1 plus 2 [7, 15]) in survivors
(39/60 [65%] vs. 18/44 [41%], RR = 1.65
[0.65-4.16], p for effect = .29, p for het-
erogeneity = .02, I? = 70% [Fig. 4] or
survival at the longest follow up available
(35/428 [8.2%] vs. 24/433 [5.5%], RR =
1.48 [.91-2.41], p for effect = .12, p for
heterogeneity = .83, I = 0% [Fig. 5]).

Favorable neurologic outcome was
significantly improved when considering
all patients undergoing CPR (and not
only the survivors): 39/307 [13%] vs. 18/
293 [6%], RR = 2.35 [1.30-4.24], p for
effect = .004, p for heterogeneity = .34,
2 = 11.3% (Fig. 6).

Only one study (14) measured dioxide
and oxygen saturation levels during CPR,
both of which significantly improved in
the ITD group.

Additional Analyses. We assessed the
robustness and applicability of our find-
ings through a series of sensitivity anal-
yses, i.e., excluding one study at a time,

Outcome: 02 Return of spontaneous circulation

Study ITD Control RR (fixed) Weight RR (fixed)

or sub-category n/N n/N 95% ClI % 95% CI Year
Plaisance (2000) 4/11 2/10 —_— 1.33 1.82 [0.42, 7.87] 2000
Wolke 57/103 40/107 - 24.88 1.48 [1.10, 2.00] 2003
Plaisance (2004) 96/200 77/200 HE- 48.81 1.25 [0.99, 1.56] 2004
Aufderheid 43/114 37/116 -H— 23.25 1.18 [0.83, 1.69] 2005
Pirrallo 2/10 3/12 —_— 1.73 0.80 [0.16, 3.88] 2005
Total (95% Cl) 438 445 ‘ 100.00 1.29 [1.10, 1.51]

Total events: 202 (ITD), 159 (Control)

Test for heterogeneity: Chi? = 1.69, df = 4 (P = 0.79), I = 0%

Test for overall effect: Z = 3.12 (P = 0.002)

0102 05 1 2 5 10

Favours control  Favours ITD

Figure 2. Forest plot for the comparison of impedance threshold devices vs. control on return of spontaneous circulation after cardiopulmonary
resuscitation in five studies. RR, relative risk; CI, confidence interval.

Review:

Impedance treshold devices for cardiopulmonary resuscitation

Comparison: 01 Impedance threshold devices (ITD) vs control

Outcome: 03 Early survival

Study ITD Control RR (fixed) Weight RR (fixed)

or sub-category n/N n/N 95% CI % 95% CI Year
Plaisance (2000) 3/11 2/10 —_— 2.17 1.36 [0.28, 6.56] 2000
Wolke 38/103 24/107 —— 24.39 1.64 [1.07, 2.54] 2003
Plaisance (2004) 79/200 57/200 - 59.06 1.39 [1.05, 1.83] 2004
Aufderheid 19/114 14/116 —_1 14.38 1.38 [0.73, 2.62] 2005
Total (95% CI) 428 433 . 100.00 1.45 [1.16, 1.80]

Total events: 139 (ITD), 97 (Control)

Test for heterogeneity: Chi? = 0.45, df = 3 (P = 0.93), I = 0%

Test for overall effect: Z = 3.32 (P = 0.0009)

0102 05 1 2 5 10

Favours control Favours ITD

Figure 3. Forest plot for the comparison of impedance threshold devices vs. control on early survival after cardiopulmonary resuscitation in four

studies. RR, relative risk; CI, confidence interval.
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Review:
Comparison: 01 Impedance threshold devices (ITD) vs control

Impedance treshold devices for cardiopulmonary resuscitation

Outcome: 04 Favourable neurologic outcome in survivors
Study ITD Control RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% ClI Year
Plaisance (2000) 1/2 1/2 1 14.55 1.00 [0.14, 7.10] 2000
Wolke 14/19 11/14 —J— 38.80 0.94 [0.64, 1.38] 2003
Plaisance (2004) 6/10 1/8 ——a—) 15.12 4.80 [0.72, 32.15] 2004
Aufderheid 18/29 5/20 —_— 31.54 2.48 [1.10, 5.58] 2005
Total (95% Cl) 60 44 L 100.00 1.65 [0.65, 4.16]
Total events: 39 (ITD), 18 (Control)
Test for heterogeneity: Chi? = 9.95, df = 3 (P = 0.02), I> = 69.9%
Test for overall effect: Z = 1.05 (P = 0.29)

0102 05 1 2 5 10

Favours control  Favours ITD

Figure 4. Forest plot for the comparison of impedance threshold devices vs. control on favorable neurologic outcome in survivors after cardiopulmonary

resuscitation in four studies. RR, relative risk; CI, confidence interval.

Review:

Outcome: 05 Survival at the longest follow up available

Impedance treshold devices for cardiopulmonary resuscitation
Comparison: 01 Impedance threshold devices (ITD) vs control

Study ITD Control RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% ClI % 95% CI Year
Plaisance (2000) 2/11 0/10 ) 2,15 4.58 [0.25, 85.33] 2000
Wolke 19/103 14/107 _ 56.66 1.41 [0.75, 2.66] 2003
Plaisance (2004) 10/200 8/200 —t 33.01 1.25 [0.50, 3.10] 2004
Aufderheid 4/114 2/116 —_—) 8.18 2.04 [0.38, 10.89] 2005
Total (95% Cl) 428 433 <D 100.00 1.48 [0.91, 2.41)
Total events: 35 (ITD), 24 (Control)
Test for heterogeneity: Chiz = 0.87, df = 3 (P = 0.83), I>= 0%
Test for overall effect: Z = 1.57 (P = 0.12)
0102 05 1 2 5 10
Favours control  Favours ITD

Figure 5. Forest plot for the comparison of impedance threshold devices vs. control on survival at the longest follow-up available after cardiopulmonary

resuscitation in four studies. RR, relative risk; CI, confidence interval.

Review:
Comparison: 01 Impedance threshold devices (ITD) vs control

Impedance treshold devices for cardiopulmonary resuscitation

Outcome: 06 Favourable neurologic outcome
Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI Year
Plaisance (2000) 1/11 1/10 ¢ II » 6.19 0.90 [0.05, 16.59] 2000
Wolke 14/103 11/110 —— 59.72 1.42 [0.61, 3.28] 2003
Plaisance (2004) 6/179 1/57 —_—) 6.97 4.60 [0.54, 39.33] 2004
Aufderheid 18/114 5/116 —_——) 27.12 4.16 [1.49, 11.63] 2005
Total (95% Cl) 307 293 i 100.00 2.35 [1.30, 4.24]
Total events: 39 (Treatment), 18 (Control)
Test for heterogeneity: Chi2 = 3.38, df = 3 (P = 0.34), 1= 11.3%
Test for overall effect: Z = 2.85 (P = 0.004)

0102 05 1 2 5 10

Favours treatment  Favours control

Figure 6. Forest plot for the comparison of impedence threshold devices vs. control on favorable neurologic outcome after cardiopulmonary bypass
resuscitation in four studies. OR, odds ratio; CI, confidence interval.

switching from fixed-effect to random-
effect models, and computing odds ratios
as well as risk differences. All subanalyses
were performed excluding one random-
ized controlled study at a time remained
in the same direction and magnitude of

Crit Care Med 2008 Vol. 36, No. 5

benefit in support of ITD as the overall
analysis. Similarly, random-effect meta-
analyses, odds ratios, and risk differences
computations confirmed the robustness
of the comprehensive and primary anal-
yses (all p < .05). We also appraised the

robustness and validity of our findings by
exploring the likelihood of small study
bias by means of funnel plot inspection
and Egger test (Figs. 7 and 8). Specifi-
cally, we found no major evidence of such
bias either at graphical or statistical test-
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Review:

Impedance treshold devices for cardiopulmonary resuscitation GBZ feb 07

Comparison: 01 Impedance threshold devices (ITD) vs control

Outcome:
T0.0

02 Early survival
SE(log RR)

0.1 0.2 0.5

2 5 10
RR (fixed)

Figure 7. Funnel plot inspection and Egger test on early survival. RR, relative risk.

Review:

Impedance treshold devices for cardiopulmonary resuscitation GBZ feb 07

Comparison: 01 Impedance threshold devices (ITD) vs control

Outcome:
T0.0

01 Return of spontaneous circulation
SE(log RR)

0.1 0.2 0.5

I Il {
T T 1

2 5 10
RR (fixed)

Figure 8. Funnel plot inspection and Egger test on return of spontaneous circulation. RR, relative

risk.

ing for ROSC or early survival (p at Egger
test, respectively, 0.90 and 0.94).

DISCUSSION

The most important result of this
meta-analysis is to demonstrate that the
use of ITD for cardiopulmonary resusci-
tation in nontraumatic out-of-hospital
cardiac arrest results in significantly im-
proved ROSC (46% vs. 36%), short term
survival (32% vs. 22%), and favorable
neurologic outcome in the overall popu-
lation (13% vs. 6%). Although underpow-
ered, all studies included in this analysis
demonstrated positive survival trends,

1630

consistent with the overall positive re-
sults of our meta-analysis, either when
used alone or combined to ACD. With
this analysis we found statistically signif-
icant evidence regarding heart function
recovery; probably similar results will be
found for cerebral recovery function with
larger studies. No systematic review re-
garding the efficacy of an ITD device has
been published before. Unlike other CPR
device studies, usually performed in an
unblinded fashion, four of the five studies
considered for the present review where
all blinded, due to use of a sham ITD.
The findings of this meta-analysis are
consistent with the hypothesis that

“priming the pump” is crucial for survival
after cardiac arrest (16). Survival is likely
dependent on a critical blood flow to vital
organs for recovery of cardiac and brain
functions. The ITD causes a decrease in
intrathoracic pressure and enhances ve-
nous blood return during the filling
phase of the right heart. The ITD has
been demonstrated to enhance vital or-
gan perfusion and neurologically intact
survival rates in animals in cardiac arrest
treated with standard manual CPR (17,
18, 19, 20, 21). In two studies, (13, 14)
ITD improved systemic pressure and cor-
onary perfusion pressure when compared
to standard CPR and a sham ITD or the
ACD CPR and a sham ITD.

In order to optimize the benefit of the
ITD, however, the rescuers must allow
full recoil of the chest after each com-
pression, lifting their palms slightly off
the chest.

This CPR adjunct is very appealing
since it is very easy to teach and use, and
can be readily integrated in the standard
of care of cardiac arrest patients and
proved effective when applied to a face
mask (22), hence allowing its early use
even by basic life support rescue teams.

Furthermore, survival benefit was
demonstrated in patients with out-of-
hospital cardiac arrest with a response
time often >10 mins, a group of patients
traditionally considered at risk for bad
outcome. The ITD extended the “window
of opportunity” for successful defibrilla-
tion (15).

Other CPR adjuncts did not show such
positive results: active compression-
decompression devices alone were rec-
ommended with a Class IIb level only for
in-hospital use in the recent American
Heart Association guidelines (3). A recent
review (4) found no differences in mor-
tality between ACD-CPR and standard-
CPR. It is noteworthy that the Cochrane
analysis which showed no benefit from
ACD CPR did not include studies in
which the combination of ACD CPR +
ITD was used (4). The combination of
ACD plus ITD has a synergistic effect,
assuring more negative intrathoracic
pressure and greater venous return dur-
ing the decompression phase (14). Fur-
ther studies comparing standard CPR and
ACD+ITD for long-term outcomes could
lead to a reappraisal of ACD when used in
combination with the ITD. The critical
importance of training and fatigue in the
performance of ACD-CPR is a well known
problem (3).

Crit Care Med 2008 Vol. 36, No. 5



It should be noted that excessive ven-
tilation rates have been shown to be life-
threatening: hyperventilation decreases
venous return to the heart, decreases cor-
onary perfusion pressure, and increases
intracranial pressure (23). To address this
problem, ventilation timing assist lights
at a rate of 10/min were added to an
improved version of ITD, so adding an-
other positive effect to the device.

The ITD appears to have a very satis-
factory safety profile: none of the studies
report differences in adverse events or
complications rates with ITD when com-
pared with control groups. However, res-
cuers must remember to remove the de-
vice after ROSC.

ITD was first described in 1995 (5), but
still needs to be properly studied in se-
lected settings such as early CPR, in-
hospital basic life support, and in CPR per-
formed by trained medical personnel: an
even higher beneficial effect has been hy-
pothesized in this patients’ population (12).
There is still uncertainty in the responsive-
ness of specific cardiac rhythms to this de-
vice. Wolcke et al. (15) evidenced improved
success rate in patients with ventricular
fibrillation, while Aufderheide et al. (12)
reported the best results in patients with
pulseless electrical activity (at any time
during CPR). Thayne et al. (24) performed a
case matched study on ITD with excellent
results limited to patients presenting with
asystolic rhythm.

Limitations. The limitations of sys-
tematic reviews and meta-analyses are well
known and include the level of uniformity
among study populations as well as the
primary end points in each study, (25) and
the fact that negative results are always less
often published. A particular limitation of
our analysis is the underlying statistical
inconsistency and the absence of long term
outcomes. We strove nonetheless to com-
ply with the most stringent guidelines of
the Cochrane Collaboration and of the
QUOROM statement. Thus our results pro-
vide the most comprehensive and thorough
comparison of ITD vs. control which cur-
rently exists. It should be noted as a source of
clinical heterogeneity that both the control
group and treatment group care varied be-
tween trials. In particular, two trials (12, 14)
estimated the effect of ITD when added to
standard CPR, two trials (7, 13) estimated the
effect of ITD when added to ACD-CPR, and
one trial (15) compared ACD-CPR + ITD to
standard CPR, making it impossible to sepa-
rate the effects of ACD CPR and ITD in this
trial. Nonetheless, only an individual patient-
data meta-analysis or a large and adequately
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powered randomized controlled study could
provide a sounder and more rigorous ap-
praisal of the clinical role of ITD in this clin-
ical setting.

The new guidelines for CPR (3) focus
on more compressions and fewer ventila-
tions to minimize the no-flow periods as
much as feasible. In these scenarios, ITD
could further enhance circulation or, on
the contrary, it could be superfluous, its
benefits being already achieved by the
improved chest compressions. However,
a recent study in animals treated with
two different compression:ventilation ra-
tios (15:2 vs. 30:2) in the absence and
presence of the ITD suggests that the ITD
is of benefit when using a reduced venti-
lation rate strategy (26).

CONCLUSIONS

ITD appears to improve short-term sur-
vival after nontraumatic out-of-hospital
cardiac arrest. Given the limitations of
meta-analysis, our analysis supports the
use of ITD during standard CPR. A larger
multicenter, randomized, controlled trial,
following the new guidelines for CPR and
with long-term follow-up will be needed to
confirm these results and assess long-term
outcome.
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APPENDIX

BioMedCentral was searched accord-
ing to the following strategy (yielding 25
citations): impedance AND threshold
AND device AND (random™* OR control*)

CENTRAL was searched according to
the following strategy (yielding 1 cita-
tion): ((impedance) and (threshold) and
device)) or itd

PubMed was searched according to the
following strategy (yielding 17 citations):
Biondi-zoccai et al. int j epidemiol

((impedance AND threshold AND de-
vice) OR itd) AND (resuscitation OR
((cardiac OR cardiopulmonary) AND ar-
rest)) AND (randomized controlled tri-
al[pt] OR controlled clinical trial[pt] OR
randomized controlled trials[mh] OR
random allocation/mh] OR double-blind
method[mh] OR single-blind
method[mh] OR clinical trial[pt] OR
clinical trials[mh] OR (clinical trial[tw]
OR ((singl*[tw] OR doubl*[fw] OR
trebl*[tw] OR tripl*[tw]) AND
(mask*[tw] OR blind[tw])) OR (latin
square[tw]) OR placebos[mh] OR
placebo*[tw] OR random*[tw] OR re-
search design[mh:noexp] OR evaluation
studiesfmh] OR follow-up studiesfmh]
OR prospective studies/[mh] OR crossover
studies[mh] OR control*[fw] OR
prospectiv*[tw] OR volunteer*[tw]) NOT
(animal[mh] NOT human/mh]) NOT
(comment[pt] OR editorial[pt] OR meta-
analysis[pt] OR practice-guideline[pt]
OR review([pt]))

Crit Care Med 2008 Vol. 36, No. 5



