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INTRODUC TION

The insertion of small- bore chest tubes (SBCTs) involving the mod-
ified Seldinger technique is frequently performed by a variety of 

clinicians when treating pleural effusion, hemothorax, or pneumo-
thorax. An SBCT may be the preferred type of chest tube in many 
of these instances because, compared to large- bore chest tubes 
(LBCTs), SBCTs have been associated with less patient discomfort.1,2 
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Abstract
Background: Small- bore chest tube (SBCT) placement via modified Seldinger tech-
nique is a commonly performed invasive procedure for treatment of pleural effusion 
and pneumothorax. When performed suboptimally, it may lead to serious complica-
tions. Validated checklists are central to teaching and assessing procedural skills and 
may result in improved health care quality. In this paper, we describe the development 
and content validation of a SBCT placement checklist.
Methods: A literature review across multiple medical databases and seminal text-
books was performed to identify all publications describing procedural steps involved 
in SBCT placement. No studies were identified that involved systematic development 
of a checklist for this purpose. After the first iteration of a comprehensive checklist 
(CAPS) based on literature review was developed, the modified Delphi technique in-
volving a panel of nine multidisciplinary experts was used to modify it and establish 
its content validity.
Results: After four Delphi rounds, the mean expert- rated Likert score across all check-
list	 items	was	6.85 ± 0.68	(out	of	7).	The	final,	31-	item	checklist	had	a	high	 internal	
consistency (Cronbach's alpha = 0.846) with 95% of the responses (by nine experts 
across 31 checklist items) being a numerical score of 6 or 7.
Conclusions: This study reports the development and content validity of a compre-
hensive	checklist	for	teaching	and	assessing	SBCT	placement.	For	purposes	of	dem-
onstrating construct validity, this checklist should next be studied in the simulation 
and clinical setting.
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Furthermore,	according	to	one	meta-	analysis,	SBCTs	may	also	be	as-
sociated with lower complication rates and shorter hospital length of 
stay in the setting of pneumothorax.3

SBCTs can nevertheless lead to several complications, with 
rates estimated from 5% to 15%,4– 6 particularly in cases of sub-
optimal insertion technique. These include infection; hemothorax, 
pneumothorax, and parenchymal lung injury; and injury to other 
organs including heart, diaphragm, and abdominal organs.7 SBCTs 
are also prone to clogging, kinking, and dislodgement, risks that may 
be mitigated through certain procedural techniques.8 A root cause 
analysis of two chest tube– related complications identified lack 
of familiarity with the procedural steps as a key area of weakness 
and identified key steps that were more prone to operator error.9 
Other studies have also identified key procedural steps as being as-
sociated with either higher success rates (e.g., use of ultrasound) 
or lower complication rates (e.g., considerations when choosing the 
entry site).10

The traditional paradigm of procedural skill teaching compris-
ing “see one, do one, teach one” has largely been replaced with a 
competency- based framework that incorporates skills attainment, 
deliberate practice, and directed feedback. Procedural checklists, 
besides being a useful resource for teaching and learner assessment, 
have been shown to improve quality of health care and reduce com-
plications. Haynes et al.11 demonstrated mortality reduction follow-
ing the use of a surgical safety checklist in noncardiac surgery, while 
both Santos et al.12 and See et al.13 showed that standardization of 
procedural steps involved in bedside pleural procedures can lower 
the risk of major procedural complications.

Previously, a group from Australia developed the TUBE- 
iCOMPT checklist for all chest tubes placed using either the mod-
ified Seldinger technique or blunt dissection.14 To our knowledge, 
there have been no validated checklists specifically for the insertion 
of SBCTs using the modified Seldinger technique. In this study, we 
developed and established the content validity of a SBCT insertion 
checklist that employed the modified Seldinger technique.

METHODS

Study design and setting

This	 study	 was	 granted	 exemption	 by	 the	 Thomas	 Jefferson	
University's	 Institutional	 Review	Board	 (IRB	Control	 #	 10 E.48).	 In	
this multistep study, we initially performed a thorough review of 
published literature, then developed an evidence- based draft check-
list, and subsequently established its content validity through sys-
tematic expert feedback using the modified Delphi process.

Definition of SBCT

For	purposes	of	this	study,	we	defined	SBCT	as	a	chest	tube	sized	
≤14	French	that	is	placed	using	the	modified	Seldinger	method.

Literature search and initial checklist development

A librarian (ECO) performed a comprehensive search of all published 
English-	language	articles	between	1950	and	February	17,	2020,	that	
described procedural steps involved in SBCT placement. Databases 
searched included Embase, PubMed, Cochrane, and Scopus. Emtree 
terms included “drainage catheter,” “checklist,” and “protocol.” 
Medical Subject Headings (MeSH) terms “chest tubes” and “check-
list” were used in combination with keywords including “pigtail cath-
eter,” “chest tube,” “Seldinger chest tube,” and “small- bore chest 
tube” as well as “technique,” “checklist,” “best practice,” “protocol,” 
and various synonyms.

The literature review yielded 641 references. Three authors 
(MS,	RH,	and	JD)	reviewed	all	 titles	and	abstracts	 (when	available)	
for possible inclusion. Publications were included if they described 
procedural steps involved in SBCT placement, either in a narrative 
format or in the form of a checklist. Twenty- seven articles were se-
lected and reviewed by the same authors for publication of a rele-
vant checklist. The references of all obtained articles were reviewed 
for possible additional articles. Ultimately, 17 studies were utilized 
for checklist development (Figure 1). No studies were identified that 
described systematic development and validation of a checklist for 
SBCT.

In addition, 10 seminal textbooks in the fields of medicine, sur-
gery, emergency medicine, interventional pulmonology, thoracic 
surgery, and interventional radiology were reviewed for checklists 
or descriptions of procedural steps involved in SBCT placement 
(Appendix S1). Seminal textbooks were identified by the study in-
vestigators as most notable in their respective fields on a subjective 
basis.

Based on techniques described in the literature search results, 
the authors developed a 32- item draft checklist, named Checklist for 
Assessing Placement of a SBCT (CAPS). Three authors (MS, RH, and 
JD)	drafted	the	initial	draft	and	presented	it	to	the	remainder	of	the	
study team, which reviewed and revised this draft for clarity.

Checklist validation using the modified Delphi process

The modified Delphi method, described in detail previously, was 
used to establish content validity of the SBCT insertion checklist.15 
Briefly, this entailed iterative consensus building among subject mat-
ter experts through multiple rounds of anonymized and pooled feed-
back on a series of draft checklists.

We identified nine experts in SBCT placement. Experts were 
nominated by the study investigators on the basis of their subjec-
tive reputation as strong clinicians in their fields with experience in 
performing and teaching this procedure. Experts were selected if 
they agreed to participate and met the a priori definition of “expert,” 
which entailed having performed or supervised >20 SBCT place-
ments as an independent practitioner, including at least five within 
the preceding year. This threshold of 20 procedures was chosen in 
line with postgraduate training standards set for this procedure by 
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a multisociety accreditation committee.16 The nine experts repre-
sented diversity in specialty (interventional pulmonology, inter-
ventional radiology, emergency medicine, and thoracic surgery), 
institution/geographic location, and sex (Table 1). A diverse array 
of specialties was felt by the study investigators to be more likely 
in generating healthy debate and critique and less likely to result in 
confirmation bias as might be more likely among providers trained in 
the same way. The identities and specialties of other experts were 
kept confidential from each expert.

Next, the draft checklist was presented to the group of indepen-
dent experts. In Round 1, experts were individually invited to rate 

each checklist item on a 7- point Likert- type scale, where 1– 3 repre-
sented “unimportant” steps, 4– 6 represented “somewhat important” 
steps, and 7 represented a step that was mandatory for the proce-
dure. Experts were allowed to insert free- text comments wherever 
deemed appropriate.

Items receiving a mean of <4 were removed from the checklist. 
The checklist was modified by the authors based on the value and 
distribution of scores as well as any free- text comments from the 
experts. The study team was blinded to the identity of the expert 
behind each comment; all communication with experts was per-
formed	by	the	Delphi	checklist	coordinator	(JC)	and	all	scores	as	

F I G U R E  1 Process	of	identifying	
publications containing checklists 
or procedural steps used for SBCT 
placement. SBCT, small- bore chest tube.

Records iden�fied through 
database searching

(n = 958)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n

Addi�onal records iden�fied 
through seminal book chapters

(n = 10)

Records excluded based 
on PICOS criteria

(n =  27)

Records a�er duplicates removed
(n = 641)

Records screened
(n =  651)

Records included in 
qualita�ve synthesis

(n = 27)

Records excluded based 
on PICOS criteria

(n = 607)

Full texts assessed for 
eligibility
(n =  44)

TA B L E  1 Baseline	characteristics	of	Delphi	experts.

Reviewer Area of clinical expertise U.S. geographical region Sex
Total SBCTs 
performed (lifetime)

1 Pulmonary and/or critical care South Male 325

2 Pulmonary and/or critical care South Female 200

3 Pulmonary and/or critical care Midwest Male 200

4 Pulmonary and/or critical care West Female 500

5 Emergency medicine Northeast Male 25

6 Emergency medicine Northeast Female 45

7 Thoracic surgery Northeast Male 125

8 Interventional radiology Northeast Male 50

9 Interventional radiology Northeast Male 150

Abbreviation: SBCT, small- bore chest tube.
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well as comments were deidentified before presentation to the 
study team. Experts were blinded to each other's identity and did 
not get to view other scores or comments before submitting their 
own.

In subsequent Delphi rounds, the modified checklist was sent 
back to the same blinded experts for repeat review and feedback. 
This process was continued until there was consensus (defined as 
mean of >6 on the 7- point scale) on all items, and there were no 
comments remaining unaddressed by the study team.

Statistical analysis

The average rating for each item was calculated using descriptive 
statistics. The internal consistency of the final checklist was deter-
mined using Cronbach's alpha. All statistics were performed using 
Microsoft Excel (Microsoft 365 Office version 2021).

RESULTS

The results of each Delphi round are illustrated in Table 2. In total, 
four Delphi rounds were carried out. Checklist items were added 
or modified based on aggregated Likert scores and in light of free- 
text comments. Experts were also asked to vote on certain spe-
cific aspects. These included the exact timing of preprocedural 
timeout and whether to perform skin incision or guidewire inser-
tion first. With regard to timeout, six (67%) felt that it should be 
done immediately after obtaining consent, two (22%) felt that it 
should be done after washing hands and before opening the kit, 
and one (11%) felt that it should be done immediately before first 
incision/needle insertion.

Based on expert feedback, one item present in the original 
checklist (namely, identification of pleural effusion or pneumotho-
rax via ultrasound or computed tomography [CT]) was removed 
from the final checklist to avoid redundancy; another item already 
referred to using ultrasound or CT to mark an appropriate site of 
entry. One other item (namely, sharps disposal) was merged into a 
preexisting separate item (namely, “cleans up”), whereas one item 
that was not present in the original version was added (namely, ap-
plication of sterile drape following the skin prep).

In the first round of the Delphi process, the average score 
across	all	 items	was	6.42 ± 1.34.	This	 increased	 to	6.85 ± 0.68	at	
the end of the fourth and last Delphi round. In the first round, 
247 of 288 responses (by nine experts across 32 checklist items) 
were a numerical score of 6 or 7, representing 85.7% of all re-
sponses. This percentage increased to 94.9% in the fourth round. 
Furthermore,	in	line	with	our	a	priori	benchmark,	the	percentage	
of checklist items receiving a mean score of >6 increased from 
25/32	 (78%)	 in	 round	 1	 to	 31/31	 (100%)	 in	 round	 4.	 Following	
the fourth Delphi round, a consensus checklist was adopted by 
the author team with unanimous approval. This final, 31- item 

checklist (Table 2 and Appendix S2) had high internal consistency 
(Cronbach's alpha = 0.846).

DISCUSSION

We present CAPS— a comprehensive checklist for insertion of SBCTs 
using the modified Seldinger technique— and hope that it will not only 
serve as a useful formative assessment tool to aid learner education 
and feedback but also provide a means for summative assessment of 
procedural competence. Through a rigorous process, we have estab-
lished this checklist's high content validity, which indicates the com-
pleteness with which it encompasses all aspects of SBCT insertion. 
This provides a strong foundation for investigating the checklist's 
construct validity next, which would reflect its ability to accurately 
assess a subject's performance when inserting an SBCT.

Previously, a group from Australia developed the TUBE- iCOMPT 
checklist for chest tube insertion.14 The authors, evidently experts 
in chest tube insertion, developed this checklist for any chest tube 
placed using either the Seldinger technique (as is frequently done 
with SBCTs) or by blunt dissection (as more typical with LBCTs). To 
our knowledge, CAPS is the first procedural checklist on insertion of 
SBCTs using the modified Seldinger technique that was developed 
in a systematic, evidence- based manner and subsequently validated 
through generation of blinded, multidisciplinary expert consensus 
using the modified Delphi technique.

Notably, during the content validation phase, we found that 
more than one Delphi round was required to achieve expert con-
sensus on the various aspects of the CAPS checklist. These included 
the list of steps to follow, the specific details pertaining to each item, 
and the optimal sequence of steps required for sound conduct of 
this procedure.

One major item of debate was the timing of the procedural time-
out. We respected the expert majority in developing the final check-
list; however, we acknowledge that local or institutional protocols 
may	vary	in	this	aspect.	The	Joint	Commission's	Universal	Protocol	
also leaves some room for interpretation by requiring that the tim-
eout take place before starting the invasive procedure or making 
the incision.17 In the operating room, a surgical timeout involves 
not just the surgeon but also the circulating nurse and other team 
members such as the anesthesiologist. There, the timeout is typi-
cally performed immediately before the surgeon makes the incision. 
A SBCT insertion, on the other hand, is more commonly performed 
outside of the operating room with a variable number of health care 
practitioners present in the room besides the proceduralist, if any at 
all. Therefore, depending on the urgency of the procedure and the 
availability of assistance, this timeout may potentially require some 
flexibility in terms of the specific timing (e.g., before the procedur-
alist washes their hands and dons sterile gloves). We suggest that, 
when administering this checklist, credit should be given for com-
pleting this task while allowing room for appropriate variability in 
terms of its exact timing.
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Another variability in practice noted in our study was what qual-
ified as appropriate personal protective equipment (PPE) for this 
procedure. This could conceivably vary depending on institutional 
policies. After the same was pointed out by the experts, we modified 
the checklist to include a more generic descriptor, “dons appropriate 
PPE.”

Similarly, expert consensus was to avoid prescribing an ideal site 
of entry relative to level of pleural fluid (i.e., one or two intercostal 
spaces below the upper level of fluid) as has been commonly pre-
scribed for pleural fluid drainage.18 Experts reported variable prac-
tice and lack of evidence to support such a recommendation. On the 
other hand, there was broad consensus on using imaging guidance 
as opposed to anatomic landmarks to choose the entry site, as is 
currently expected as the standard of care.19 This was therefore in-
corporated into the final version of the checklist and would apply 
equally to all institutions, specialties, and practitioners.

Some experts recommended performing the scalpel incision 
prior to guidewire insertion; others noted that it could be performed 
after the guidewire was inserted. The rationale given for the for-
mer technique was to avoid accidentally cutting the guidewire. In 
the final Delphi round, there was broad consensus in favor of the 
former approach.

LIMITATIONS

This study has several limitations. Intrinsic bias among experts 
is possible. However, this possibility was minimized by present-
ing a literature- based checklist as the starting instrument, select-
ing exerts from a wide range of institutions and across different 
specialties (Table 1) and using blinding during the modified Delphi 
process. While we did involve a diverse set of experts in terms of 
geography and training, it is possible that this checklist may not be 
generalizable to all settings. This checklist was designed keeping 
the novice learner in mind; experts may choose to depart from 
specific checklist items in certain situations. While this study dem-
onstrates robust content validity of the new checklist, it does not 
inform the checklist's construct validity which would require fur-
ther investigation involving subjects with varying levels of training 
and skill. Such a study would be expected to generate a cutoff (in 
terms of number of items correctly performed) correlating with 
each degree of performance or skill (e.g., novice, intermediate, 
expert,	 etc.).	 Finally,	 the	 feasibility	of	 administering	 this	31-	item	
checklist (Appendix S2) would also require careful investigation, 
particularly at the bedside where the time it takes to be adminis-
tered may have a greater bearing on its usability than in the simu-
lation setting.

CONCLUSIONS

We report the first steps toward the development and validation of 
a comprehensive checklist for small- bore chest tube insertion using 

the modified Seldinger technique. This checklist will likely be of use 
in formative training and summative assessment and as a quality im-
provement/quality assurance tool, though the same remains to be 
investigated. Our study provides content validity evidence for the 
checklist for assessing placement of a small- bore chest tube check-
list. Evidence of construct validity should be investigated next, in-
cluding an examination of its performance in both simulated and 
real- life clinical environments and its ability to discriminate proce-
duralists based on level of training and skill.
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