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Abstract
Background: Providing adequate chest compression is essential during infant cardio-pulmonary-resuscitation (CPR) but was
reported to be performed poor. The “new 2-thumb technique” (nTTT), which consists in using 2 thumbs directed at the angle of 90° to
the chest while closing the fingers of both hands in a fist, was recently introduced. Therefore, the aim of this study was to compare 3
chest compression techniques, namely, the 2-finger-technique (TFT), the 2-thumb-technique (TTHT), and the nTTT in an randomized
infant-CPR manikin setting.

Methods:A total of 73 paramedics with at least 1 year of clinical experience performed 3 CPR settings with a chest compression:
ventilation ratio of 15:2, according to current guidelines. Chest compression was performed with 1 out of the 3 chest compression
techniques in a randomized sequence. Chest compression rate and depth, chest decompression, and adequate ventilation after
chest compression served as outcome parameters.

Results: The chest compression depth was 29 (IQR, 28–29) mm in the TFT group, 42 (40–43) mm in the TTHT group, and 40
(39–40) mm in the nTTT group (TFT vs TTHT, P<0.001; TFT vs nTTT, P<0.001; TTHT vs nTTT, P<0.01). The median compression
rate with TFT, TTHT, and nTTT varied and amounted to 136 (IQR, 133–144) min–1 versus 117 (115–121) min–1 versus 111 (109–113)
min–1. There was a statistically significant difference in the compression rate between TFT and TTHT (P<0.001), TFT and nTTT (P<
0.001), as well as TTHT and nTTT (P<0.001). Incorrect decompressions after CC were significantly increased in the TTHT group
compared with the TFT (P<0.001) and the nTTT (P<0.001) group.

Conclusions: The nTTT provides adequate chest compression depth and rate and was associated with adequate chest
decompression and possibility to adequately ventilate the infant manikin. Further clinical studies are necessary to confirm these initial
findings.

Abbreviations: ALS = advanced life support, AP = adjacent thumb position, APLS = advanced pediatric life support, CC = chest
compression, CPR = cardiopulmonary resuscitation, EMS = Emergency Medical Service, EPLS = European Pediatric Life Support,
ERC = European Resuscitation Council, IQR = interquartile range, nTTT = new 2-thumb technique, OP = overlapping thumb
position, OTTT = over-the-head 2-thumb encircling technique, SD = standard deviation, TFT = 2-finger technique, TTHT = 2-thumb
encircling hands technique.

Keywords: cardiopulmonary resuscitation, chest compression, infant
Editor: Johannes Mayr.

Authorship: JS, KB, JRL, and LS contributed significantly to the planning of the study and the study design. LS, JS, and KB recruited the participants and collected
data. JS and LS were principal investigators of this study and did major manuscript preparation. JS, KB, and LS prepared statistical analysis. JS, KB, JRL, KR, and LS
contributed significantly for manuscript editing and expertise.

Compliance with Ethical Standards.

Ethical approval: Approval was granted by Institutional Review Board of the Polish Society of Disaster Medicine (approval No.: IRB N18.07.2016, June 7th, 2016).

Informed consent: Informed consent was obtained from all individual participants included in the study.

The authors have no funding and conflicts of interest to disclose.
a Department of Emergency Medical Service, Wroclaw Medical University, bMEDITRANS The Provincial Emergency Medical Service and Sanitary Transport, Warsaw,
c Department of Emergency Medicine and Disaster, Medical University Bialystok, Bialystok, Poland, d Department of General Anesthesiology, Anesthesiology Institute,
Cleveland Clinic, Cleveland, OH, e Department of Emergency Medicine, Medical University of Warsaw, Warsaw, Poland.
∗
Correspondence: Lukasz Szarpak, Department of Emergency Medicine, Medical University of Warsaw, Warsaw, Poland (e-mail: Lukasz.szarpak@gmail.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Medicine (2017) 96:14(e5915)

Received: 17 November 2016 / Received in final form: 28 December 2016 / Accepted: 28 December 2016

http://dx.doi.org/10.1097/MD.0000000000005915

1

mailto:Lukasz.szarpak@gmail.com
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000005915


Figure 1. The “new two-thumb technique.”
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1. Introduction

Cardiac arrest in infants is a rare, but life-threatening event and
is associated with an overall mortality of up to 92%.[1] The
majority of the infants suffering from cardiac arrest are below
the age of 2 years and have poorer chance to survive compared
to older children.[2,3] Early and sufficient cardiopulmonary
resuscitation (CPR) is the key point, as insufficient CPR is
clearly associated with poorer outcome including higher
mortality. Chest compressions are crucial in generating
circulation to vital organs and providing adequate cerebral
and coronary perfusion. Current infant CPR guidelines by the
American Heart Association and the European Resuscitation
Council (ERC) recommend that the compression depth should
be at least one-third of the anterior-posterior diameter of the
chest (approximately 4cm) and the chest compression rate
should be between 100 and 120 min–1.[2,3] Chest compression
rate, chest compression depth, as well as chest release force and
compression duty cycles are the 4 main quality measurements
to identify adequate CPR.[4]

There are 2 established and generally accepted techniques for
external chest compressions during CPR in infants: the “2-finger
technique” (TFT) and the “2-thumb encircling hands technique”
(TTHT).[5,6] Current guidelines suggest the TFT for lone rescuers,
whereas the TTHT technique is recommended for 2 rescuers. The
major disadvantage of the TFT is due to potential difficulty in
alternating between chest compressions and ventilation during
CPR.[5] TTHT generates superior arterial pressures compared
with the TFT and is often perceived as the more easy and effective
chest compression technique.[7,8] However, CPR in infants is
generally poorly performed, even by advanced pediatric life
support (APLS) instructors.[9] Therefore, the current CPR
strategies, and especially the chest compression techniques must
be questioned and there is clearly need for further improvement.
There were some modifications of TTHT for infant CPR,

including the vertical 2-thumb technique, which was suggested to
generate more pressure than the standard technique in a
simulated model of infant out-of-hospital CPR, especially for
the rescuers with small hands or a weak grip.[10] Our study group
recently published amodified TTHT for infant CPR, the so-called
“new 2 thumb technique (nTTT).” The nTTT consists of 2
thumbs directed at the angle of 90° to the chest while closing the
fingers of both hands in a fist. Initial data acquired in manikins by
physicians are promising, as the nTTT might facilitate adequate
chest compression, depth, rate of chest pressure relief, and chest
compression rate.[11]

Therefore, the aim of this study was to compare the quality of
chest compression during infant CPR applied by the nTTT
compared to the 2 established chest compression techniques. In
particular, we tested the hypothesis that the nTTT is superior
compared to the TFT and the TTFT techniques, if performed by
skilled paramedics in an infantmanikin single rescuer CPR setting.

2. Methods

This study was approved by the Institutional Review Board of
the Polish Society of Disaster Medicine (approval No.: IRB
N18.07.2016). We included 73 paramedics of the Polish
Emergency Medical Service (EMS) with at least 1 year of
clinical experience in the out-of-hospital emergency setting. All
paramedics were actually working in the EMS and are
frequently faced with emergency situations, including adult
and pediatric CPRs. All paramedics received oral and written
information about the scientific and clinical background of this
2

study and were told about the study setting. All paramedics
participated voluntarily in this study. Pregnant or paramedics
suffering from back pain were not enrolled in this study.
2.1. Study design

The study was designed as a randomized crossover manikin trial
and was conducted between September and October 2016.
Prior to the study, all the participants received a 30-minute

lasting training session on advanced life support (ALS) in infant
cardiac arrest according to the current CPR guidelines using
standard TFT and TTHT.[5] The nTTT was explained and
showed by one of the researchers. A standardized ALS Baby
trainer manikin (Laerdal Medical, Stavanger, Norway) simulat-
ing a 3-month-old infant was used for all CPR settings. The
manikin was placed on a high adjustable hospital stretcher. The
bed was leveled to the iliac crest of each rescuer for
standardization.
During the evaluation, the participants performed 3 indepen-

dent CPR settings with the 3 different chest compression
techniques (TFT, TTHT, and the nTTT) in an previously
randomized sequence.
The 3 chest compression techniques included:
1.
 The 2 finger technique (TFT). With this method, the rescuer
compresses the sternum with the tips of 2 fingers.
The 2 thumb technique (TTHT). For this technique, 2 thumbs
2.

are placed over the lower third of the sternum, with the fingers
encircling the torso and supporting the back.
The “new 2-thumb technique” (nTTT). The novel method of
3.

CCs in an infant consists in using 2 thumbs directed at the
angle of 90° to the chest while closing the fingers of both hands
in a fist (Fig. 1).

After the training session, the participants were divided into 3
groups with the help of the Research Randomizer software
(www.randomizer.org; Fig. 2). Each group was assigned to 1 out
of the 3 chest compression techniques. All paramedics performed
2 minutes of CPR according to current infant CPR guidelines
including a ratio of 15 chest compression to 2 mouth-to-mouth/
nose ventilations. After a break of 20 minutes, paramedics
performed the second session with another chest compression
technique in the same manner, followed by another 20 minutes
break and the last CPR setting.

http://www.randomizer.org/


Figure 2. Flow chart of design and recruitment of participants according to CONSORT statement. nTTT=new 2-thumb technique, TFT=2-finger technique,
TTHT=2-thumb encircling hands technique.
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2.2. Data collection

Data on chest compressions were recorded with the Resusci Anne
SkillReporter software (Laerdal Medical, Stavanger, Norway).
For each resuscitation setting, the total number of chest
compressions, mean compression depth, percentage of compres-
sion fully released, percentage of compressions deep enough,
median rate of all compressions, percentage of compressions with
adequate rate, compressions with correct hands position, total
ventilations, and median volume were recorded. Additionally, all
paramedics were asked about their subjective preference in
regard to the chest compression technique they would prefer in
the real-life infant CPR setting.
The demographic characteristics of the participants including

age, sex, weight, and body mass index were also recorded.
2.3. Statistical analysis

Data were analyzed with the use of Statistica software v.12
(StatSoft Inc., Tulsa, OK). The results are shown as numbers
(percentages),meansandstandarddeviations (SD),ormediansand
interquartile ranges (IQR). The occurrence of normal distribution
was confirmed by the Kolmogorov–Smirnov test. Analysis of
variance (ANOVA) post hoc tests with the Bonferroni correction
for metric data were used for univariate analysis to compare the 3
study groups. The Kruskal–Wallis test was used to compare non-
3

normally distributed data.MultivariateANOVAwas also applied.
The results were considered significant at the level of P<0.05.

3. Results

A total of 73 paramedics voluntarily participated in this study.
Their median (IQR) age was 30.5 (27–33.5) years, and their
average experience in emergency medicine was 4 (2–5.5) years.
The chest compression depth equaled 29 (IQR, 28–29) mm

with TFT, 42 (40–43) mmwith TTHT, and 40 (IQR, 39–40) mm
with nTTT (TFT vs TTHT, P<0.001; TFT vs nTTT, P<0.001;
TTHT vs nTTT, P<0.01; Table 1; Fig. 3).
The median compression rate within the TFT, TTHT, and

nTTT varied and amounted to be 136 (IQR, 133–144) min–1

versus 117 (115–121) min–1 versus 111 (109–113) min–1. There
was a statistically significant difference in the compression rate
between TFT and TTHT (P<0.001), TFT and nTTT (P<0.001),
and TTHT and nTTT (P<0.001) (Fig. 4).
Incomplete chest decompressions after chest compressions

were significantly increased in the TTHT group compared with
the TFT (P<0.001) and the nTTT (P<0.001) group. No flow
time was increased with TTHT compared with TFT (P<0.001)
and nTTT (P<0.001).
Ventilation parameters in the observed groups varied

significantly. Significantly more correct ventilations occurred in
the nTTT group compared with TFT and TTHT (P<0.001 and

http://www.md-journal.com


Table 1

Results of cardiopulmonary resuscitation scenarios.

Parameter TFT TTHT nTTT P

Total number of chest compressions 179 (167–186) 121 (115–128) 150 (148–151) <0.01, TFT vs TTHT
<0.01, TFT vs nTTT
<0.01, TTHT vs nTTT

Compression depth 29 (28–29) 42 (40–43) 40 (39–40) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.01, TTHT vs nTTT

Number of compression fully released 94 (86–96) 0 (0–0) 98 (98–99) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

Number of compressions deep enough 0 (0–3) 97 (95–99) 99 (99–100) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

Rate of all compressions 136 (133–144) 117 (115–121) 111 (109–113) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

Number of compressions with adequate rate 1 (0–3) 53 (45–77) 95 (92–98) <0.01, TFT vs TTHT
<0.01, TFT vs nTTT
<0.01, TTHT vs nTTT

Number of compressions with correct hand position 99 (97–100) 98 (92–100) 100 (100–100) =0.011, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

No flow time 4 (3–4) 7 (7–8) 4 (4–4) <0.001, TFT vs TTHT
=0.049, TFT vs nTTT
<0.001, TTHT vs nTTT

nTTT=new 2-thumb technique, TFT=2-finger technique, TTHT=2-thumb encircling hands technique
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P<0.01, respectively; Table 2). Moreover, the results with nTTT
were significantly better than with TFT, as well as with TTHT
(P<0.05) for median volume and maximal ventilation volume
(Table 2).
The participants’ subjective assessment of resuscitation with

different infant CC techniques showed significant differences
between the groups. As for the preferences in hypothetical real life
resuscitations, 83% voted for nTTT, 13% for TTHT, and 4% for
TFT. There was a statistically significant difference observed
between TFT vs TTHT (P=0.006), between TFT vs nTTT (P<
0.001), as well as between TTHT vs nTTT (P<0.001).
4. Discussion

This study provides novel evidence that the recently introduced
nTTT provides adequate chest compression rate and depth in
Figure 3. The median chest compression de

4

an infant CPR manikin setting. Furthermore, the infant chest
was adequate decompressed and subsequent adequate ventila-
tion was enabled. The nTTT was therefore comparable with the
established chest compression techniques and even more,
somewhat particular superior.
Several studies compared the established 2 chest compression

techniques and generally concluded that the TTHT was
associated with better results.[7,8,12,13] Many studies revealed
the suboptimal chest compression depth and rate with the TFT
technique. But there is also increasing evidence that also the
TTHT correlates with suboptimal chest compression depth and
rate. Several modifications of the chest compression techniques
during infant CPR have been proposed to ensure better
compliance with current CPR guidelines.[10]

High-quality CPR includes 4 “independent” parameters
including chest compression rate and depth, chest release force,
pth using different compression methods.



Figure 4. The median chest compression rate using different compression methods.
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and compression duty cycles. However, a recent study reported,
that evenmost health care providers do not achieve complete chest
recoil during standard CPR.[14] Incomplete chest release during
CPRcan limit the returnofvenousblood to theheart, thus reducing
coronary and cerebral perfusion pressures. Incomplete chest
release is generally observed in infants and children more
frequently than in adults.
Very high chest compression rates above 120 min–1 is also

associated with poorer outcome, but is frequently reported
during simulated infant CPR using both TTHT and TFT.[13]

These findings are in mild partial contrast with the findings of our
study, as the chest compression rate with the nTTT and also the
TTHT was well within the recommended threshold (100 to 120
per minute), whereas the TFT completely failed (111 vs 117 vs
136 chest compressions per minute).
High-quality CPR in infants,[15,16] as well as in adults,[17,18]

can be a challenge even for certified CPR providers. A constant
quality assurance system, including repetitive practical training,
is necessary, and the quality of chest compressions is influenced
by motor skills and the working environment.[15] It was proved
that instantaneous feedback during chest compressions in infants
could improve the performance of CC quality during simulated
infant CPR.[15]

Martin et al[15] evaluated the TTHT and TFT technique in
European Pediatric Life Support (EPLS) and/or APLS providers
Table 2

Results of ventilation parameters during cardiopulmonary resuscitat

Parameter TFT TT

Total ventilations 22 (21–23) 15 (1

Median volume 63 (56–73) 54 (5

Maximal ventilation volume 100 (91–100) 89 (8

Correct ventilations 0 (0–9) 11 (0

nTTT=new 2-thumb technique, TFT=2-finger technique, TTHT=2-thumb encircling hands technique

5

in an simulated, chest-compression-only infant CPR setting,
with and without real-time feedback. The compression depth
was 42±8mm in both groups, in the control and in the
feedback group using the 2-thumb technique versus 38±6mm
in the control and 38±7mm in the feedback group using the
2-finger technique, respectively. The chest compression rate
were 131±18min–1 in the control and 139±22min–1 in the
feedback group using the 2-thumb technique versus 133±24
min–1 in the control and 140±20min–1 in the feedback group
using the 2-finger technique. Comprehensively, compression
depth was acceptable with both techniques, with and without
feedback, but chest compression rate was clearly to high and
failed to maintain with the recommended thresholds (100 to
120 chest compression per minute). In our study, the mean
compression depth was 29mm in the TFT group versus 42mm
in the TTHT versus 40mm in the nTTT group, and the mean
compression rate equaled was 136 min–1 versus 117 min–1

versus 111 min–1, respectively. The overall performance in
regard to chest compression rate and depth was convincing in
the nTTT and the TTHT, whereas the TFT failed. Martin et al
also reported complete chest decompression after chest
compression in 93% to 97% using TFT and 57% to 58%
using the TTHT. This finding was not supported by our study,
as we found significant worse results in the TTHT compared to
the TFT and the nTTT groups.
ion scenarios.

HT nTTT P

4–16) 19 (18–20) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

0–75) 43 (40–48) <0.001, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

1–94) 72 (56–78) <0.01, TFT vs TTHT
<0.001, TFT vs nTTT
<0.001, TTHT vs nTTT

–17) 28 (22–39) =0.006, TFT vs TTHT
<0.001, TFT vs nTTT
<0.01, TTHT vs nTTT

http://www.md-journal.com
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Another study by Martin et al reported the results of a
randomized crossover experimental study comparing the evalu-
ated TTHT and TFT technique in a group of certified APLS
instructors performing CPR in infants. The results showed that
even in APLS instructors, the mean chest compression rate with
both TTHT and TFT exceeded the recommended range (128±
21min–1 vs 131±21min–1, respectively). The mean compression
depth both with the TTHT and TFT techniques turned out below
the recommended level (33±3mm vs 26±5mm, respectively).
Our study confirms the findings of the TFT group (29mm). On
the other hand, the TTHT (42mm) was just above the
recommended depth of 40mm, but the nTTT (40mm) remained
within the recommended range.
Udassi et al[20] compared TTHT and TFT during single rescuer

infant manikin CPR, reporting a comparable percentage of
effective ventilations. The chest compression rate in a 2-minute
cycle was 87 min–1 in the TTHT group and 92 min–1 in TFT. In
our study, correct ventilation was achieved mainly in the nTTT
group, with low quality in the TFT group and a statistically
significantly high total number of CC in TFT. It should be noted
that the healthcare providers in the study by Udassi et al[20] were
asked to perform 2-minute CPR at the compression rate of 100
min�1 applying the compression to ventilation ratio of 30:2.[20]

Obtaining chest compression in an adequate rate and depth
within the recommended thresholds result in favorable hemody-
namic outcomes, such as improved arterial pressures, superior
coronary blood flow, and cardiac output.[19] There is also
increasing evidence that the overall quality of CPR in infants
obtained with both TFT and TTHT is low, regardless of the
training level. We believe that our new technique can help to
increase the overall CPR quality in infants, allowing a better
compliance with international recommendations for infant CPR.
The present study has several limitations. First is the simulation

setting using a manikin per se. Even the best manikin and
simulation setting cannot entirely simulate real-CPR conditions,
especially with regard to the manikin chest compliance, the
correlation between the applied force, and the obtained chest
compression depth.[19] However, the simulation setting and the
manikin we used is accepted as an training instrument and allows
us to provide conclusions within the mentioned limitation.
Second, we performed the study in a group of experienced
paramedics regularly involved in out-of-hospital infant CPR. The
results of this study can therefore not transferred without
restrictions to all infant-CPR providers. Third, we did not
measure any blood pressure and therefore, any conclusion about
efficient blood with the nTTT is speculation. However, as the
nTTT provides adequate chest compression rate and depth, as
well as chest decompression, blood flow should be comparable
with the TFT and the TTHT techniques. As a consequence, the
results of this study have to be confirmed in an experimental
animal setting and several other study groups, including
physicians, nurses, and even lay persons with different level of
experience in neonatal and infant CPR. Among the strengths of
the research, one should mention the comparison of 3 different
CPR techniques, including the new nTTT, as well as the
randomized crossover nature of the study.

5. Conclusions

ThenTTTprovides adequate chest compressiondepthand rate and
was associated with adequate chest decompression and possibility
to adequately ventilate the infantmanikin. Further studies in infant
CPR including a wide variety of CPR providers experience and
6

clinical settings should investigate this new technique compared to
the 2 established chest compression techniques.
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