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Evaluation of Seldinger Technique Emergency
Cricothyroidotomy versus Standard Surgical
Cricothyroidotomy in 200 Cadavers
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Background: Percutaneous cricothyroidotomy is a lifesaving
procedure for airway obstruction in trauma victims who need
airway establishment and cannot be intubated or in whom
intubation has failed.

Methods: The purpose of this study was to examine whether
there is a training effect using Seldinger technique emergency
cricothyroidotomy (group 1; Arndt Emergency Cricothyroid-
otomy Catheter Set; Cook Critical Care, Bloomington, IN) versus
standard surgical cricothyroidotomy (group 2). Twenty emer-
gency physicians performed five cricothyroidotomies with
each method in a total of 200 human cadavers, comparing
efficacy and safety (speed, success rate, and injuries).

Results: Seven attempts in group 1 and six in group 2 had to
be aborted. Time intervals from the start of the procedure to
location of the cricothyroid membrane were not significantly dif-
ferent between the groups. However, time to tracheal puncture
(P < 0.01) and time to first ventilation (P < 0.001) were signifi-
cantly longer in group 2. No time effect could be observed in both
groups. The airway was accurately placed into the trachea through
the cricothyroid membrane in 88.2% (82 of 93) of the cadavers in
group 1 and in 84.0% (79 of 94) in group 2 (not significant). No
injuries were observed in group 1, whereas there were six punc-
tures of the thyroid vessels in group 2 (P < 0.05).

Conclusions: With respect to time needed for the procedure,
the participants performed Seldinger technique emergency cri-
cothyroidotomy significantly faster as compared with standard
surgical cricothyroidotomy. Even if no training effect had been
observed, the authors believe that it is important to train resi-
dents in different methods of cricothyroidotomy in cadavers in
addition to training in mannequins to achieve a higher level of
efficacy in real-life situations. The shorter time to first ventila-
tion and the fact that no injuries could be observed favor the
Seldinger technique.

THE cannot-ventilate, cannot-intubate situation necessi-
tates a lifesaving cricothyroidotomy when all other non-

invasive methods, such as Combitube™ (Tyco Health-
care, Mallinckrodt, Pleasanton, CA), Laryngeal Mask
Airway™ (Laryngeal Mask Corp., Henley-on-Thames,
United Kingdom), and transtracheal jet ventilation, have
failed. Cricothyroidotomy may be necessary in a life-
threatening prehospital difficult airway situation, in an
unexpected difficult airway in the emergency depart-
ment, in the intensive care unit, or in the operating
room. However, emergency cricothyroidotomy is per-
formed infrequently even by emergency physicians and
therefore can be difficult to perform in a real-life situa-
tion. In a previous study, we compared two methods of
cricothyroidotomy (conventional surgical and Seldinger
techniques) with respect to efficacy. We observed that
performance was equally poor with both methods, and
training would likely be necessary to improve skills.1

The aim of the current study was to investigate these
two methods with respect to the training effect of gain-
ing experience. The training effect was evaluated by
observing 10 randomized procedures performed by each
participant using the two techniques in human cadavers.

Materials and Methods

The Institutional Ethics Committee of the University of
Vienna (Vienna, Austria) approved this study.

Study Design
Twenty emergency physicians of the Viennese Ambu-

lance Services (Vienna, Austria) were recruited to partic-
ipate in this study. During a period of 14 months, we
compared two methods of cricothyroidotomy in 200
adult human cadavers within 24 h after death. The com-
ponents of both sets were shown and explained to the
participants.

Group 1 (n � 100 Cadavers). The Seldinger tech-
nique kit for percutaneous dilational cricothyroidotomy
(Arndt Emergency Cricothyroidotomy Catheter Set;
Cook Critical Care, Bloomington, IN) consists of a num-
ber of items, including a straight introducer needle (18
gauge), a syringe, a guide wire (diameter, 0.038 in �
0.97 mm; Amplatz extra-stiff wire guide (Cook Critical
Care)), a dilator, a precurved uncuffed catheter (ID, 3
mm; length, 6.0 cm) with a Luer-Lok connector for
transtracheal ventilation, and connecting tubing with a
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15-mm connector. The Seldinger technique consisted of
the following steps:

1. identification of neck structures, followed by a verti-
cal stab incision of the skin overlying the cricothyroid
membrane (CTM) with use of a No. 11 rounded-blade
scalpel;

2. insertion of an 18-gauge hollow needle attached to a
6-ml syringe through the skin incision and underlying
CTM into the trachea in a caudal direction;

3. confirmation of needle placement into the trachea by
aspirating air into the syringe, which was filled with
saline;

4. if confirmed, removal of the syringe from the needle
and, after advancing the red plastic sheath into the
valve, insertion of a guide wire through the needle
into the trachea, after which the needle was re-
moved, leaving the wire in place;

5. with the guide wire in place in the trachea, insertion
of an uncuffed precurved catheter and connecting
tubing with a 15-mm connector over the wire into the
trachea; and

6. removal of the dilator and guide wire, leaving the
airway in place in the trachea.

Group 2 (n � 100 Cadavers). The standard surgical
cricothyroidotomy technique consisted of the following
steps:

1. identification and immobilization of neck structures,
followed by vertical skin incision with use of a No. 11
rounded-blade scalpel;

2. transverse incision of the CTM with the same No. 11
blade scalpel;

3. insertion of a tracheal hook with cephalad retraction;
4. insertion of a Viennese tracheal dilator model (Carl

Reiner, Vienna, Austria);
5. placement of a cuffed tracheal cannula (ID, 5.0 mm;

Mallinckrodt, Argyle, NY); and
6. removal of the hook, dilator, and tracheostomy tube

stylet.

Emergency physicians (n � 20) each performed both
procedures on five different adult human cadavers after
a 30-min training session. During this training session, a
lecture was given—without audiovisual aids—about the
two different techniques with regard to handling, and an
explanation of anatomical landmarks in cadavers was
provided. The question was whether training is neces-
sary for adequate performance and for improvement in
duration of the procedure after five attempts with each
technique. Ease of use, anatomical situation of the neck,
and time intervals from the start of the procedure to
location of the CTM, as well as to tracheal puncture and
to the first ventilation by rebreathing bag, were re-
corded. Each participant was allowed as many attempts
per day on different cadavers as there were human
cadavers available. An independent pathologist in-

spected cadavers for accuracy of placement and
complications.

Cadavers
The study was performed in 200 refrigerated, non–

formalin-fixed adult human cadavers who had died
within 4–24 h before the procedure. Participants had no
influence on the choice of the cadavers. The cadavers
were used consecutively. The physicians were assigned
randomly by procedural technique. Tracheal tubes in
situ were removed before the procedure.

Participants
Twenty emergency physicians of the Viennese Ambu-

lance Services participated in the study. Only one of
them had previously performed one standard surgical
cricothyroidotomy; the other 19 participants had no
previous training or experience in performing cricothy-
roidotomies. They had to perform each technique five
times within a time period of 4 months for each individ-
ual participant. The order of the several attempts with
each technique was randomized and not consecutive,
and the physicians were allowed only one attempt per
procedure and cadaver. We made appointments with
the participants in advance, not knowing whether there
would be a cadaver in which to perform a cricothyroid-
otomy that day.

Evaluated Parameters
Age, sex, height, weight, body mass index, distance

between the chin and the sternal notch, and neck cir-
cumference of the cadavers were recorded. We re-
corded three time intervals, using a stopwatch, from the
start of the procedure to (1) location of the CTM, (2)
tracheal puncture and insertion of the cricothyroid-
otomy tube, and (3) first ventilation with a breathing
bag. After each procedure, an anatomical dissection was
performed by a pathologist, who examined proper
placement of the airway through the CTM and into the
trachea. During the dissection, structures also were in-
spected for any complications, including damage, such
as lacerations or fractures to the trachea, cricoid, or
thyroid cartilages. In addition, punctures of thyroid ves-
sels were recorded.

Statistical Analysis
Statistical analysis of the data was performed using the

Wilcoxon test for comparing the two groups and two-
way analysis of variance for differences among the five
trials within the respective groups. Results are reported
as mean � SD.

Results

Results in 13 cadavers could not be evaluated because
of incomplete data, not because of any complication or
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inability to proceed with the tube (7 in group 1, 6 in
group 2).

Age, sex, height, body mass index, and distance be-
tween the chin and the sternal notch were not signifi-
cantly different between the two groups (table 1). The
weight of the cadavers (P � 0.02) and the circumference
of the neck (P � 0.05) were significantly higher in group
2. Seven attempts had to be aborted because of the
inability to advance the tube into the trachea due to
kinking of the wire of the Seldinger kit in group 1,
whereas six attempts had to be aborted in group 2 due
to anatomical reasons or impossibility of inserting the
cannula. Time intervals (mean � SD) from the start of
the procedure to location of the CTM were not signifi-
cantly different between the groups. However, times to
tracheal puncture (P � 0.01) as well as time to first
ventilation (P � 0.001) were significantly longer in
group 2.

No time effect could be observed in both groups (table
1). Graphs showing the time to successful ventilation for
each participant at each try are presented in figs. 1A and
B. The times for the first try versus the fifth try with each
method are provided in table 2.

The airway was accurately placed into the trachea
through the CTM in 88.2% (82 of 93) of the cadavers in
group 1 and in 84.0% (79 of 94) in group 2 (not signif-
icant). In group 1, we found four subcutaneous mis-
placements of the cannula but no paratracheal or esoph-
ageal misplacements (P � 0.05). There were no
paratracheal, esophageal, or subcutaneous misplace-
ments of the cannula in group 2.

No injuries were observed in group 1, whereas there
were six punctures of the thyroid vessels in group 2
(P � 0.05). No esophageal perforation was observed.

Discussion

Results suggest that training showed no significant
beneficial effect.2–6 The time to first ventilation was
significantly shorter (mean difference, 28.0 s) with the
Seldinger technique in cadavers. One could argue that
the higher weight (mean difference, 7.1 kg) and neck
circumference (mean difference, 1.6 cm) might be re-
sponsible for the difference of time needed between the
groups. However, the differences in weight and circum-
ference of the neck were not clinically relevant. Further-
more, there were no injuries observed with the
Seldinger technique. Therefore, the results tend to be in
favor of the Seldinger technique as compared with the
standard surgical method. Further, the majority of the
physicians in our study preferred the Seldinger tech-
nique to the standard cricothyroidotomy because of
smaller skin incision avoiding major bleeding.

Although difficulty in establishing a secure airway in
the field is not rare, emergency cricothyroidotomy is
performed infrequently. In a recent article, Vadodaria et
al.6 compared four sets designed for emergency crico-
thyroidotomy: the Quicktrach (VBM Medizintechnik
GmbH, Sulz am Neckar, Germany), the Patil airway set,
the Transtracheal Airway Catheter, and the Melker set
(the last three sets all from Cook Critical Care). The
authors found that the preassembled Quicktrach set pro-
vided the fastest and most effective means of oxygen-
ation in simulated patients that required an emergency
surgical airway. However, using a patient simulator does
not reflect the situation of a human cadaver. Therefore,
the results may be misleading.

Standard surgical cricothyroidotomy has long been rec-
ognized as the definitive means of obtaining airway ac-
cess in critically ill patients in whom conventional meth-
ods of airway control have failed or are contraindicated.
A number of alternative cricothyroidotomy techniques
have been developed, often in prepackaged commer-
cially available kits, such as the Pertrach (Engineered
Medical Systems, Inc., Indianapolis, IN) and the Nu-
Trake (Emergency Medical Products, Inc., Waukesha,
WI).7 Abbrecht et al.8 reported that ease of use and risk
of complications such as posterior tracheal injuries with
certain devices was related to insertion force and device
characteristics including diameter and curvature. We
have not found any injury to the posterior tracheal wall.
An important finding in the study of Abbrecht et al. was
that the use of small pilot needles to guide insertion of
large cannulas minimized complications.

Eisenburger et al.1 reported that the Seldinger tech-
nique had a similar complication rate compared with
standard surgical cricothyroidotomy when performed
one time in human cadaver models. Emergency crico-
thyroidotomy must often be performed under life-threat-
ening situations in which airway access cannot be ob-
tained by conventional means. Lack of experience and

Table 1. Patient Characteristics and Training Times

Variable

Group 1 Seldinger
Technique, Mean

� SD (Range)

Group 2
Surgical Technique,
Mean � SD (Range)

Age, yr 64.0 � 13.8 66.6 � 15.7
(24–87) (26–147)

Height, cm 170.4 � 9.2 169.8 � 10.7
(146–190) (144–196)

Weight, kg 76.7 � 20.0 83.8 � 23.4*
(39–170) (36–150)

Body mass index, kg/m2 26.4 � 5.9 28.8 � 6.3
(12.9–47.0) (16.0–50.2)

Neck circumference, cm 38.8 � 5.9 40.4 � 5.7†
(25–70) (29–71)

Distance from chin to 13.5 � 2.1 13.7 � 1.9
jugulum, cm (9.0–18.0) (9.0–18.0)

Time until location of CTM 7.9 � 11.0 8.2 � 9.7
(2.0–80.0) (2.0–65.0)

Tracheal puncture and 98.7 � 58.3 119.2 � 61.2‡
insertion, s (40.0–490.0) (30.0–335.0)

First ventilation, s 108.6 � 59.5 136.6 � 66.3§
(45.0–495.0) (35.0–360.0)

* P � 0.02. † P � 0.05. ‡ P � 0.01. § P � 0.001.

CTM � cricothyroid membrane.
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practice has been acknowledged as the main source of
failure.9 Failures using the Seldinger technique were
mainly due to misplacement, whereas the surgical
method led to injuries of the thyroid vessels. Technical

problems were encountered using the Seldinger tech-
nique: The red plastic cannula must be held in a re-
tracted position during the air aspiration maneuver,
whereas it must be pushed forward for introduction of

Fig. 1. Time to successful ventilation for each participant on each try using the Seldinger method in group 1 (A) and surgical method
in group 2 (B).
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the guide wire. When the cannula is not pushed forward,
the guide wire kinks during insertion and may not be
used for another insertion attempt.1 This problem was
responsible for seven aborted attempts in the Seldinger
technique group (out of seven failures) in our study.

A correctly performed cricothyroidotomy may be life-
saving in a cannot-ventilate, cannot-intubate situation.
However, many practicing anesthesiologists do not have
experience with cricothyroidotomy.10 The purpose of a
recent study was to determine the minimum training
required to perform cricothyroidotomy in 40 s or less in
mannequins.11 There was a significant reduction of cri-
cothyroidotomy times over the 10 attempts (P � 0.0001)
and between 3 consecutive attempts until the fourth
attempt (P � 0.03). The cricothyroidotomy times pla-
teaued by the fourth attempt, whereas the success rate
plateaued at the fifth attempt (94, 96, 96, and 96% at the
fourth, fifth, sixth, and seventh attempts, respectively).
The authors suggested that practice in mannequins leads
to reductions in cricothyroidotomy times and improve-
ment in success rates. By the fifth attempt, 96% of par-
ticipants were able to perform the cricothyroidotomy
successfully in 40 s or less. Although clinical correlates
are not known, the authors recommended that providers
of emergency airway management be trained on manne-
quins for at least five attempts or until their cricothyroid-
otomy time is 40 s or less.11

A possible limitation of our study is that it does not
reflect the real-life situation. Lung edema in cadavers
might influence the aspiration of air during use of the
Seldinger kit, leading to false-negative assessment of
the position. The smaller skin incision made with the
Seldinger technique may be advantageous because it
leads to less bleeding. However, cricothyroidotomy in
cadaver models does not reflect all aspects of common
cricothyroidotomy complications, such as bleeding, in-
fection, subglottic stenosis, and injury to vessels or
nerves.5,12 Although several methods, such as the Com-
bitube™ and the Laryngeal Mask Airway™, may be
used in the cannot-ventilate, cannot-intubate situation,
cricothyroidotomy is the method of choice when tra-
cheal intubation and alternate methods fail.13,14

We believe that it is important to instruct residents in
different methods of cricothyroidotomy in cadavers,
mannequins, or both to achieve a higher level of efficacy
in real-life situations. The shorter time to first ventilation
and the fact that no injuries were observed favor the
Seldinger technique.

References

1. Eisenburger P, Laczika K, List M, Wilfing A, Losert H, Hofbauer R, Burgmann
H, Bankl H, Pikula B, Benumof JL, Frass M: Comparison of conventional surgical
versus Seldinger technique emergency cricothyrotomy performed by inexperi-
enced clinicians. ANESTHESIOLOGY 2000; 92:687–90

2. Breitmeier D, Schulz Y, Wilke N, Albrecht K, Haeseler G, Panning B, Troger
HD, Piepenbrock S: [Cricothyroidotomy training on cadavers: Experiences in the
education of medical students, anaesthetists, and emergency physicians]. Anas-
thesiol Intensivmed Notfallmed Schmerzther 2004; 39:94–100

3. Gabrielli A, Layon AJ, Wenzel V, Dorges V, Idris AH: Alternative ventilation
strategies in cardiopulmonary resuscitation. Curr Opin Crit Care 2002; 8:199–
211

4. Leibovici D, Fredman B, Gofrit ON, Shemer J, Blumenfeld A, Shapira SC:
Prehospital cricothyroidotomy by physicians. Am J Emerg Med 1997; 15:91–3

5. McCarthy MC, Ranzinger MR, Nolan DJ, Lambert CS, Castillo MH: Accuracy
of cricothyroidotomy performed in canine and human cadaver models during
surgical skills training. J Am Coll Surg 2002; 195:627–9

6. Vadodaria BS, Gandhi SD, McIndoe AK: Comparison of four different emer-
gency airway access equipment sets on a human patient simulator. Anaesthesia
2004; 59:73–9

7. Frei FJ, Meier PY, Lang FJ, Fasel JH: [Cricothyreotomy using the Quicktrach
coniotomy instrument set]. Anasth Intensivther Notfallmed Schmerzther 1990;
25(suppl 1): 44–9

8. Abbrecht PH, Kyle RR, Reams WH, Brunette J: Insertion forces and risk of
complications during cricothyroid cannulation. J Emerg Med 1992; 10:417–26

9. Ravlo O, Bach V, Lybecker H, Moller JT, Werner M, Nielsen HK: A compar-
ison between two emergency cricothyroidotomy instruments. Acta Anaesthesiol
Scand 1987; 31:317–9

10. Hayden SR, Panacek EA: Procedural competency in emergency medicine:
The current range of resident experience. Acad Emerg Med 1999; 6:728–35

11. Wong DT, Prabhu AJ, Coloma M, Imasogie N, Chung FF: What is the
minimum training required for successful cricothyroidotomy? A study in manne-
quins. ANESTHESIOLOGY 2003; 98:349–53

12. Jacobson LE, Gomez GA, Sobieray RJ, Rodman GH, Solotkin KC, Misinski
ME: Surgical cricothyroidotomy in trauma patients: Analysis of its use by para-
medics in the field. J Trauma 1996; 41:15–20

13. Rich JM, Mason AM, Bey TA, Krafft P, Frass M: The critical airway, rescue
ventilation, and the Combitube: I. AANA J 2004; 72:17–27

14. Rich JM, Mason AM, Bey TA, Krafft P, Frass M: The critical airway, rescue
ventilation, and the Combitube: II. AANA J 2004; 72:115–24

Table 2. Time (in Seconds) of the First versus the Fifth Try
for Each Participant on Each Try

Participant

Group 1
Seldinger Technique

Group 2
Surgical Technique

First Try Fifth Try First Try Fifth Try

1 85 90 110 110
2 80 75 55 115
3 140 50 120 45
4 120 85 185 105
5 72 145 115 NA
6 130 80 150 90
7 80 95 210 255
8 130 70 175 140
9 140 100 360 90

10 125 100 150 240
11 70 45 50 65
12 210 NA 105 95
13 85 220 115 135
14 NA 55 175 175
15 90 75 55 80
16 85 60 57 140
17 160 75 105 75
18 80 50 55 50
19 65 105 90 180
20 NA 87 85 80

NA � data not available.
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