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BACKGROUND: The Agency for Healthcare Research and
Quality has adopted iatrogenic pneumothorax (IAP) as a
Patient Safety Indicator. In 2006, in response to a low per-
formance ranking for IAP rate from the University Healthsys-
tem Consortium (UHC), the authors established a
multidisciplinary team to reduce our institution’s IAP rate.
Root-cause analysis found that subclavian insertion of cen-
tral venous catheterization (CVC) was the most common
procedure associated with IAP

OBJECTIVE: Our short-term goal was a 50% reduction of
both CVC-associated and all-cause IAP rates within 18
months, with long-term goals of sustained reduction.

DESIGN: Observational study.

SETTING: Academic tertiary care hospital.

PATIENTS: Consecutive inpatients from 2006 to 2014.

INTERVENTION: Our multifaceted intervention included: (1)
clinical and documentation standards based on evidence,

(2) cognitive aids, (3) simulation training, (4) purchase and
deployment of ultrasound equipment, and (5) feedback to
clinical services.

MEASUREMENTS: CVC-associated IAP, all-cause IAP rate.

RESULTS: We achieved both a short-term (years 2006 to
2008) and long-term (years 2006 to 2008–2014) reduction in
our CVC-associated and all-cause IAP rates. Our short-term
reduction in our CVC-associated IAP was 53% (P 5 0.088),
and our long-term reduction was 85% (P<0.0001). Our short-
term reduction in the all-cause IAP rate was 26% (P<0.0001),
and our long-term reduction was 61% (P< 0.0001).

CONCLUSIONS: A multidisciplinary team, focused on evi-
dence, patient safety, and standardization, can use a set of
multifaceted interventions to sustainably improve patient
outcomes for several years after implementation. Our hospi-
tal was in the highest performance UHC quartile for all-
cause IAP in 2012 to 2014. Journal of Hospital Medicine
2015;10:599–607. VC 2015 Society of Hospital Medicine

Iatrogenic pneumothorax (IAP) is a complication of
invasive procedures that is associated with substantial
morbidity and some mortality.1 IAP is often avoidable,
and in many cases can be prevented through adherence
to evidence-based guidelines and procedural techniques
known to reduce the incidence of IAP.2 IAP may occur
with a subclavian (SC) or internal jugular (IJ) central
venous catheter (CVC) insertion, but is more frequently
associated with the SC approach.3 Ultrasound guidance
during IJ CVC insertion is associated with a lower risk
as compared to guidance by anatomical landmarks.4,5

Other bedside procedures that are known to cause IAP
include thoracentesis. This risk can also be reduced
with the use of ultrasound guidance.6

Including simulation in training for CVC insertion
has been demonstrated in meta-analyses to improve

both learner outcomes, including simulator perform-
ance and perceived confidence, and patient outcomes,
including fewer failed CVC attempts and reduced inci-
dence of IAP.7 Even brief simulation workshops last-
ing less than two hours can improve patient safety
during CVC insertion.8

The implementation of ultrasound-based simulation
and improved adherence to the actual use of ultra-
sound at the bedside can be motivated by tying
competency-based educational objectives (eg, CVC
insertion) to clinical outcomes (ie, rates of IAP) and
tracking both as part of a continuous quality-
improvement cycle.9 Adherence to best practices for
CVC insertion can also be improved through standard-
izing hospital-wide policies and hands-on training.10

Involving many stakeholders, including nurses, physi-
cians, nurse practioners and physician assistants, in a
multidisciplinary team has been shown to help alter
entrenched behaviors and reduce the incidence of
central-line associated bloodstream infections through
long-term adherence to evidence-based interventions.11

LOCAL PROBLEM
The Agency for Healthcare Research and Quality
(AHRQ) has designed Patient Safety Indicators (PSIs)
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(http://qualityindicators.ahrq.gov/modules/psi_resources.
aspx) that use hospital discharge coding data to quan-
tify rates of hospital complications. The PSI for IAP has
been validated in the literature, and has been adopted
by the National Quality Forum and the Centers for
Medicare and Medicaid Services as a tool for meas-
uring hospital quality and safety.12,13

Our hospital is a member of the University Health-
System Consortium (UHC) (https://www.uhc.edu/), an
alliance of 116 academic medical centers that share
and compare patient outcome data. The UHC Clinical
Database allows a hospital to identify areas of under-
performance by the PSI as compared to peers,
with the understanding that potential variation among
hospitals in coding is a potential problem in using
the PSI.

Despite this, the PSI can highlight areas where
quality-improvement efforts might be best directed. In
2005 and 2006, our hospital was ranked within the
lowest UHC performance quartile for all-cause IAP PSI.

During FY 2006 (September 2005–August 2006),
root-cause analysis on cases of IAP at our hospital
found that CVC insertion (40%) was the most com-
mon procedure associated with IAP, with SC insertion
causing 69% of CVC-associated IAP. Other common
procedures associated with IAP were operative/pace-
maker (30%), thoracentesis (25%), and ventilator
associated (5%). Ultrasound was not used in 2/5 cases
of IJ CVC placement and 3/5 thoracentesis cases.
Only 44% of CVC insertions had a procedure note.

Intended Improvement/Study Question

Our team set out to plan and implement a set of mul-
tifaceted interventions within 90 days. The short-term
goal was a 50% reduction in the CVC IAP and all-
cause IAP rate within 18 months, and the long-term
goal was sustained reduction of CVC IAP and all-
cause IAP rate.

METHODS
The format of this article is based on the standards
for quality-improvement reporting excellence guide-
lines for the reporting of studies on the effectiveness
of quality-improvement interventions.14

Setting

Stanford University Medical Center is an academic
medical center with 465 beds and over 25,000 inpa-
tient admissions per year, providing both general
acute care services and tertiary medical care. Residents
perform CVC bedside procedures when central venous
access is needed, in the intensive care unit (ICU), oper-
ating room (OR), and inpatient units. Prior to this
project, ultrasound equipment was only available in
the emergency department (ED) and ICUs. There was
no formal CVC procedure supervision policy, CVC
training curriculum, and procedure note templates for
documentation of CVC insertion.

Planning the Interventions

A multidisciplinary quality-improvement team met
weekly during the 90-day design period from January
2007 to March 2007. Our team included representa-
tives from the departments of medicine, anesthesia
and critical care, surgery, nursing, and emergency
medicine. We also partnered with our institution’s
clinical and administrative leaders, experts in simula-
tion, and the hospital quality department.

We hypothesized that a standardized set of educa-
tion and training interventions promoting ultrasound-
guided IJ CVC insertion as the method of choice at
our hospital would significantly reduce our rate of
CVC-associated IAP. Our multifaceted intervention
included: (1) clinical and documentation standards
based on evidence, (2) cognitive aids, (3) simulation
training, (4) purchase and deployment of ultrasound
equipment, and (5) feedback to clinical services.

Our team followed the define, measure, analyze,
improve, control (DMAIC) framework.15 We set
interval goals with target completion dates throughout
the 90-day period, identified owners of each goal, and
tracked progress with a shared spreadsheet.

In the 90-day intervention, we accomplished the
following: (1) conducted root-cause analysis of IAP
cases for fiscal year 2006, (2) created clinical and docu-
mentation standards around CVC placement, (3) cre-
ated cognitive aids and procedure note templates, (4)
developed simulation training courses, and (5)
requested purchase of additional ultrasound equipment.

Data Collection

To evaluate our progress in reducing the rates of IAP,
we tracked the incidence of IAP using UHC and
AHRQ PSI methodology. In collaboration with our
hospital’s quality department, we manually reviewed
every PSI-identified case of IAP. This review has focused
on identifying whether or not pneumothorax actually
occurred, and whether it was associated with CVC
insertion. For those associated with CVC, data were
collected for patient location and service, the procedure
site, whether ultrasound was used, whether a chest tube
was required, and the final disposition of the patient.

Demographic data (age, gender, case mix index [CMI])
shown in Table 1 were obtained through MIDAS1 Solu-
tions (Tucson, Arizona), a proprietary database that con-
tains healthcare management coded data. Total hospital
CVC insertion rates were calculated using International
Classification of Diseases, Ninth Revision (ICD-9) coding
for 38.93 and 38.97. ICU central line–associated blood
stream infections (CLABSI) data were obtained from
internal collection by our infection control team. Number
and location of CVCs placed in the ICU data
were obtained from nursing flow sheets in our electronic
medical record (EMR). Cost information was provided
by our finance department using internal accounting.

The project granted a Notice of Determination of
Approval from the Stanford Administrative Panels for
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the Protection of Human Subjects (institutional review
board).

Methods of Evaluation/Analysis

For the purpose of this analysis, the preintervention
period was defined as January 1, 2006 through Decem-
ber 31, 2006, our first year of IAP case review. We
defined the intervention period as January 1, 2007
through December 31, 2007, during which we planned
and implemented hospital-wide standardization of
CVC insertion practices and incorporated CVC inser-
tion training simulation into resident orientation in
July 2007. The postintervention period was defined as
January 1, 2008 through December 31, 2014.

All statistical analyses were performed using Stata
version 12.1 (StataCorp, College Station, TX). v2 tests
were used to determine statistical differences in pre-
versus postintervention patient demographic data
(age, gender, CMI), CVC insertion rates, and CLABSI
rates. Because IAP is a rare event, a statistical process
control g-chart was created using QI Macros (Know-
Ware International, Inc., Denver, CO) to show the
number of CVC procedures between IAP. v2 and
Fisher exact tests were used to determine statistical
differences in CVC anatomic location and use of
ultrasound pre- and postintervention. A 2-sided Z test

to show a difference in proportions was used to deter-
mine statistical differences in CVC-related IAP rate
and all-cause IAP rate pre- and postintervention.

Measuring Adherence to Intervention

Location of CVC Placement and Ultrasound Guidance
Pre- Versus Postintervention
We utilized the Stanford Clinical Informatics Center
(SCCI) services for obtaining counts of patients. Cus-
tom queries were performed on SCCI’s Stanford
Translational Research Integrated Database Environ-
ment (STRIDE) platform16 to search Stanford Hospi-
tal electronic heath records for patients. This search
primarily involved getting counts for the number of
patients with clinical notes that contained the key-
words of interest. To identify documentation for
placement of CVC from 2006 to 2014, procedure or
operative notes containing the words “central line” or
“CVC” were counted. Further subcounts were
obtained by searching for additional keywords such as
“PICC [peripherally inserted central catheters], femo-
ral, jugular, subclavian, and ultrasound.”

Adherence to Intervention in the ICU in 2014
A total of 100 charts were reviewed from patients in
our medical and surgical ICU with a CVC in 2014 to

TABLE 1. Summary of Demographics

Patients With CVC Insertion

Year

2006 2007 2008 2009 2010 2011 2012 2013 2014

Age, y (mean) 55.0 55.5 55.0 57.0 56.5 58.5 57.5 59.0 58.5
% female 47.0 49.5 47.0 48.8 46.2 46.1 45.7 46.2 45.7
Case-mix index 3.08 3.35 3.21 3.40 3.71 3.91 3.92 3.92 4.08
Total no. of CVCs/year* 1,593 1,141 1,589 2,250 2,441 2,774 2,754 2,722 2,845
No. of CVCs/year in ICU… NA NA NA 1,502 1,357 1,345 1,316 1,421 1,590
No. of subclavians/year in ICU NA NA NA 167 75 70 83 75 97
No. of IJs/year in ICU NA NA NA 898 773 681 677 713 876
No. of femorals/year in ICU NA NA NA 212 152 203 171 198 206
No. of PICCs/year in ICU NA NA NA 225 357 391 385 435 411

Preintervention (2006) Postintervention (2008–2014) P Value

Age, y (mean) 55.2 58.7 <0.0001
% female 47.0% 46.4% 0.642
Case-mix index 3.08 3.73 <0.0001
CVC insertion rate 8.1% 11.4% <0.0001
All Inpatients Year

2006 2007 2008 2009 2010 2011 2012 2013 2014
Age, y (mean) 57.1 57.2 56.8 57.2 57.5 58.0 58.0 57.9 58.3
% female 51.6 51.2 52.4 51.7 51.1 51.5 50.3 49.9 50.1
Case-mix index 1.86 1.98 1.96 1.99 1.96 2.02 2.03 2.07 2.23

Preintervention (2006) Postintervention (2008–2014) P Value

Age, y (mean) 57.1 57.6 <0.01
% female 51.6% 50.9% 0.07
Case-mix index 1.86 2.03 0.13
Central Line-Associated Bloodstream Infections per 1,000 Central Line Days

Preintervention Postintervention P Value

Short term (2006 vs 2008) 1.8 0.60 0.004
Long term (2006 vs 2008–2014) 1.8 0.68 <0.0001

NOTE: Abbreviations: CVC, central venous catheterization; ICU intensive care unit; IJ, internal jugular; NA, not available; PICC, peripherally inserted central catheter. *Total no. of CVCs/year is based on International Classification
of Diseases, Ninth Revision coding (38.93 and 38.97). …No. of CVCs in the ICU is based on internal nurse flow sheet data.
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evaluate the current trend of central line placement
and sustainability of our intervention. Fifty charts
were initially randomly selected from the ICU cohort.
For those who had multiple lines placed, only the first
line was reviewed. Because the initial audit did not
provide enough SC lines and we wanted to review
more IJ lines, we randomly selected an additional 25
patients who had SC and 25 patients who had IJ to
review. The following was collected during chart
review: primary team, location of line placement,
usage of ultrasound, usage of standard procedure tem-
plate, supervision, level of training for supervisor, and
level of training for staff who performed procedure.

Outcomes

The rate of CVC-associated IAP was calculated as the
total number of IAPs attributed to CVCs divided by
the total number of CVCs inserted determined by
ICD-9 coding for 38.93 and 38.97. The total IAP rate
was calculated as the total number of IAP/1000
discharges.

RESULTS
Interventions

Our team began the intervention in early 2007 with
promotion of ultrasound-guided IJ catheterization.
Clinical exceptions included: (1) trauma or code situa-
tions where access to the neck is limited, (2) suspected
or confirmed neck injuries, (3) presence of a tracheos-
tomy, and (4) bilateral internal jugular sites unsuitable
for catheterization.

Our hospital adopted new formal CVC insertion
policies consistent with the above training and educa-
tion efforts. All physicians were required to document
CVC insertions using the template available in the
EMR. To be certified to perform CVC insertion inde-
pendently, trainee physicians were required to com-
plete the simulation training and successfully place a
minimum of 5 CVCs directly supervised by an
already-certified physician. This was consistent with
the Accreditation Council for Graduate Medical Edu-
cation suggested minimum requirement in 2007. In
our critical care units, all CVC insertions must be
supervised by an ICU fellow or attending.

To reinforce the on-the-ground work by our physi-
cian leaders, we created 2 education tools to embed
best practices into our CVC insertion workflow. A
checklist with best practices for CVC insertion that
was distributed throughout the hospital via central
line kits and educational flyers, and a CVC insertion
procedure note template consistent with California
Department of Public Health documentation require-
ments was made available in our EMR.

In June 2007, we integrated CVC insertion simula-
tion training into procedure workshops required for
all medicine, surgery, anesthesia, and emergency medi-
cine trainees during their intern year. These work-
shops promoted ultrasound-guided IJ catheterization

and supporting evidence for the new IJ site preference.
Training sessions were 2 to 3 hours, and included a
demonstration of best-practice CVC insertion, as well
as training with simulation models supervised by an
instructor using a standardized CVC checklist. These
trainings used both the Blue Phantom human torso
model (www.bluephantom.com; CAE Healthcare, Sar-
asota, FL), and the MOVAT Chicken Model (http://
www.movat.com; MOVAT, Los Angeles, CA), a bio-
logical ultrasound-compatible training device that sim-
ulates all of the steps of CVC insertion. Each
medicine resident is required to complete a CVC
insertion on the MOVAT model. In addition, the sur-
gery residents have follow-up testing with a checklist
and by an observer within 1 to 2 months after their
workshop.

Hospital administration provided funds to purchase
ultrasound machines for patient units such as medi-
cine, cardiology, ED, and ICU). A total of 4 Site-Rite
(Bard Access Systems, Inc., Salt Lake City, UT) ultra-
sounds were purchased in 2007. The hospital has con-
tinued to purchase ultrasound units yearly, and had
53 ultrasound units in 2014

Cases of IAP were continuously reviewed through-
out the intervention period. Based on their higher
CVC-associated IAP rates, the ORs and catheteriza-
tion lab were identified as having opportunities for
improvement. In 2008, Hospital quality-improvement
leadership met with physician leaders in these areas to
review their CVC-related IAP data and to discuss
strategies to reduce their IAP rates. These strategies
included lessons learned from other services that had
successfully decreased their IAP rates.

To sustain our gains, we continue to review all IAP
through our coding quality, clinical documentation, qual-
ity reporting departments, and peer review. We have
implemented other strategies to decrease IAP, such as the
use of ultrasound guidance for bedside thoracentesis pro-
cedures, which became possible after the availability of
more ultrasound devices. Training for ultrasound-guided
thoracentesis was done by our procedure-team attending
during supervision of residents.

Outcomes

Preintervention (January 1, 2006 to December 31, 2006)
There were a total of 26 cases of IAP in 2006. Of
these, 15 (58%) were associated with CVC insertion
(Figure 1). The single procedure associated with the
largest proportion of IAP was SC CVC insertion (11
cases, 42% of all IAP cases). Eleven CVC-associated
IAPs were significant enough to require chest tube
placement. Our hospital recorded a total of 1593 CVC
insertions (ICD-9 codes 38.93 and 38.97) in 2006.

Postintervention (January 1, 2008 to December 31, 2014)
There were a total of 80 cases of IAP over 7 years, of
which 24 (30%) were associated with CVC insertion.
Of these, 16 required chest tube placement. In the last
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4 years of the postintervention period (2011–2014),
there were only 5 cases of CVC-associated IAP requir-
ing chest tube placement (Figure 1). There were a
total of 12,000 CVC insertions recorded over the
same period.

We successfully met both our short- and long-term
goals. Our preintervention CVC-associated IAP rate
was 0.94%, and our post-intervention rate during
2008 was 0.44%, a short-term reduction of 53%
(P 5 0.088). Our average postintervention CVC-
associated IAP rate for the years 2008 through 2014
was 0.13%, a significant long-term reduction of 86%
(P<0.0001) (Table 2). The decrease in CVC-
associated IAP rates occurred despite an older patient
population (P< 0.001) and a higher CMI (P<0.001)
in postintervention patients who received a CVC
(Table 1). Special cause variation corresponding to a
change in our process is demonstrated in Figure 2.
The preintervention average number of procedures
between IAP was 114.8 and increased to 460.7 in the
postintervention period.

With the decrease in CVC-associated IAP, we also
saw a decrease in our all-cause IAP rate per 1000 dis-
charges from 1.32 in 2006 to 0.98 in 2008. This rep-
resents a 26% short-term reduction (P< 0.0001). We
also saw a decrease in our all-cause IAP rate per 1000
discharges to 0.52 from 2008 to 2014, representing a
61% long-term reduction (P< 0.0001). This decrease
in all-cause IAP postintervention occurred despite an
older patient population (P<0.01) for all discharges.
Our hospital is now in the highest performance UHC
quartile for all-cause IAP in 2012 to 2014.

After our multifaceted intervention in 2007, there
was substantially more and consistent documentation

of CVC procedure notes from less than 500 in 2006
to greater than 2000 in 2009. The distribution of
CVC procedure notes in the pre- (2006) versus postin-
tervention (2008–2014) period showed a decrease in
the proportion of femoral lines from 15% to 11%,
increase in IJ lines from 31% to 49%, and a decrease
in SC from 54% to 40% (P 5 0.001). The distribution
of IJ CVC procedure notes in the pre- (2006) versus
postintervention (2008–2014) period showed an
increase in the proportion of procedures with ultra-
sound documentation from 13% to 93% (P< 0.001)
(Figure 3).

In our ICU 2014 audit, the majority of CVC lines
were placed by residents under supervision (>70%),
and most used the standard CVC note template to
document the procedure (90%). Of the total CVC
approach, 66% were IJ and 4% were SC. Eighty-six
percent used ultrasound during IJ placement. The
majority of SC insertions were placed in the surgical
ICU and had clear indications (80%) for placement. Of
those, 75% were due to trauma (limited access to neck)
or surgery (interfering with surgical site) (Table 2).

DISCUSSION
Summary

This quality-improvement intervention demonstrates
that a multidisciplinary team can successfully imple-
ment a multifaceted intervention that sustainably
reduces the rate of IAP complications from CVC
placement and improves patient safety over 7 years.
We found high compliance with our intervention,
which included an increase in CVC notes and docu-
mentation of ultrasound guidance. There was also an
increase in the IJ approach in our postintervention

FIG. 1. Number of central venous catheterization (CVC)-associated iatrogenic pneumothorax (IAP) by anatomic location and all-cause IAP over time. After inter-

vention, sustained decrease in number of CVC-associated IAP, all-cause IAP, and CVC-associated IAP requiring chest tube placement.
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period. We showed statistically significant long-term
reductions in both CVC-associated and all-cause IAP
rates. From 2011 to 2014, there were only 5 cases of
CVC-associated IAP requiring chest tube placement.
Post hoc analysis showed a statistically significant
decrease in CLABSI rates (P<0.0001) from a prein-
tervention rate of 1.6 infections per 1000 central line
days to postintervention average rate of 0.68 infec-
tions per 1000 central line days. This decrease may be
related to the incorporation of wide sterile barrier
techniques in our CVC training workshops, checklists,
and template procedure notes.

A strength of this study is the sustained significant
long-term reduction in IAP. There are few data that
exist to describe sustained interventions in this area.
Sustainability was achieved by integrating our inter-
ventions into ongoing programs that already existed
in the hospital; we incorporated our simulation train-
ing into the existing new resident orientation,

increased the availability of existing ultrasound equip-
ment, and continued our IAP chart review through
coding quality with feedback to involved services. The
procedure note template continues to be easily avail-
able in our EMR, and the SC approach to CVC place-
ment is limited to select cases.

Based on a post hoc cost-benefit analysis, the finan-
cial benefits of decreasing the rate of IAP outweigh
the costs associated with implementation of this initia-
tive. The purchase cost for a Site-Rite (Bard Access
Systems) ultrasound machine was $18,000. The cost
of materials for 1 workshop is $5000 annually. Cases
from the Nationwide Inpatient Sample that were
flagged by this PSI had 7.0% excess mortality, 4.4
days of excess hospitalization, and approximately
$18,000 in excess hospital charges.17,18 Based on
these data, if we had continued at our preintervention
rate of CVC-associated IAP requiring chest tube place-
ment, we would estimate 9 additional CVC-associated

TABLE 2. Summary of Outcomes

Total CVC

(n 5 95) Subclavian (n 5 29) Internal Jugular (n 5 58) Femoral (n 5 8)

Compliance to intervention
US guided 68.1% 20.7% 86.2% 100.0%
Procedure note completion 90.4% 93.1% 86.2% 100.0%
Supervision 70.2% 77.8% 73.1% 87.5%

Level of training
Resident 61.1% 58.6% 60.3% 75.0%
Fellow 25.3% 27.6% 24.1% 25.0%
Attending 4.2% 6.9% 3.4% 0.0%
Advance practitioner 3.2% 3.4% 3.4% 0.0%
Unknown 6.3% 3.4% 8.6% 0.0%

Supervisor type
Resident 3.0% 4.8% 2.6% 0.0%
Fellow 54.5% 33.3% 57.9% 100.0%
Attending 42.4% 61.9% 39.5% 0.0%

Location of CVC Placement Internal Jugular (n5 25) Subclavian (n5 25)

MICU 32.0% 32.0%
SICU* 40.0% 52.0%
Operating room 28.0% 16.0%
Average no. of attempts/procedure 1.4 1.5
Indications for subclavian insertion (n5 25)

Trauma/surgical site 60.0%
Need for additional access 16.0%
Unsuccessful IJ placement 4.0%
Unclear 20.0%

Iatrogenic Pneumothorax Rate (2006–2014) Year

2006 2007 2008 2009 2010 2011 2012 2013 2014

% of CVC insertions associated with IAP 0.94 1.49 0.44 0.13 0.20 0.07 0.04 0.11 0.07
All-cause IAP per 1,000 discharges 1.32 1.29 0.98 0.71 0.83 0.49 0.13 0.35 0.23

Preintervention Postintervention P Value

CVC- associated IAP short term (2006 vs 2008) 0.94% 0.44% 0.088
CVC-associated IAP long term (2006 vs 2008–2014) 0.94% 0.13% <0.0001
All-cause IAP per 1,000 discharges short term (2006 vs 2008) 1.32 0.98 <0.0001
All-cause IAP per 1,000 discharges long term (2006 vs 2008-14) 1.32 0.52 <0.0001

NOTE: Chart review of CVC placement in ICU during 2014 showing high compliance to intervention: US guided IJ placement, standard procedure note completion, and supervision, and significant long-term reduction in CVC-
associated IAP rate and all-cause IAP rate. A total of 100 patient charts were randomly selected and reviewed. Five patients receiving a PICC were not included in the analysis. All PICC lines were placed by trained registered
nurses without supervision under US guidance. Of note, proportions of CVC types are not accurate representation; additional subclavian and internal jugular lines were randomly selected and reviewed. Abbreviations: CVC, cen-
tral venous catheterization; IAP, iatrogenic pneumothorax; ICU intensive are unit; IJ, internal jugular; MICU, medical intensive care unit; PICC, peripherally inserted central catheter; SICU, surgical intensive care unit; US, ultra-
sound. *Surgical ICU includes all surgery primary teams including trauma, general surgery, cardiothoracic surgery, and neurosurgery.
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IAPs requiring chest tube insertion per year. This
would result in over $180,000 of additional costs
annually. Based on an initial cost of $100,000 for 4
workshops and the necessary equipment, we would
have realized our cost savings in less than 1 year post-
intervention. These are all approximate costs, and fur-
ther detailed analysis is needed.

One challenge with this intervention is the culture
change away from using the SC approach, and the
concern from trainees of how they would learn to

perform SC CVC if needed. We would suggest dedi-
cated SC CVC ultrasound training for those services
who may need to use this approach (eg, neuroanesthe-
sia and trauma).

Interpretation/Relation to Other Evidence

The field of implementation science can help explain
why some projects are successful and others fail. We
can further dissect the success of this project using an
implementation science model similar to that

FIG. 2. The mean number of central venous catheterization procedures between iatrogenic pneumothorax events before the intervention was 114.8. This

increased to 460.7 postintervention

FIG. 3. Increase in the use of the central venous catheterization (CVC) internal jugular (IJ) approach and percent CVC IJ with ultrasound (US) guidance after the

intervention.
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described by French et al.19 French et al. describe 4
behavior-change techniques. These steps include (1)
who needs to do what differently, (2) which barriers
and enablers need to be addressed, (3) which interven-
tion component could overcome the barriers and
enhance enablers, and (4) how can behavior change
be measured and understood. Barriers included subop-
timal skills of residents, low awareness of evidence-
based guidelines, and entrenched practices inconsistent
with best evidence. There was also a belief that IJ
lines were more likely to become infected. Targeted
behaviors needing to be done differently were the
choice of CVC placement site and insertion technique.
Barriers to change were assessed by asking members
of the project team to explore with members of their
service what led them to do CVC lines without ultra-
sound guidance. Enhancements focused on informa-
tion provision, simulation practice, and persuasive
communication. Behavior change was measured by
tracking the number of IAPs, site of CVC, and docu-
mentation of technique. Continuation of these inter-
ventions based on this theoretical framework drove
maintenance of gains.

We completed our main intervention planning in 90
days, and met our short-term goal on schedule. The
Institute for Healthcare Improvement (IHI) advocates
that such short timelines are efficient mechanisms for
developing and acting on projects. Other institutions
have reported on similar “rapid-cycle” planning and
short-term goal setting20

Limitations

Our study captures the experience of a quality-
improvement team at a single academic center, and
our results may not be generalizable to other institu-
tions. Our chart review process only occurred once a
case had been identified through AHRQ PSI method-
ology. It is possible that the PSI does not capture all
cases of IAP, although we believe our coding depart-
ment has a very rigorous process to look for all IAP
evidence in the patient’s record. We used administra-
tive data to determine the number of hospital-wide
CVC procedures.

Our compliance data with interventions from
STRIDE are based on looking for key words in proce-
dure note documentation (so undocumented notes are
not captured). To validate this, we performed a man-
ual audit of our adherence to our intervention in
2014, and those data are consistent with the results
from our STRIDE data.

Our study’s observational design also cannot con-
trol for exogenous effects on physician practice relat-
ing to CVC insertion or the overall risk of IAP. Some
of our decrease in complications may be from the
increase in PICC line use. Nevertheless, our CVC-
associated IAP rate has decreased despite >6000 non-
PICC CVCs in our ICU over the past 5 years, and a
rising CMI (18% increase in postintervention period)

and older population of patients with CVC insertion
(P< 0.0001)

CONCLUSIONS
We are the first, to our knowledge, to report a measur-
able improvement in reducing IAP patient outcomes
that has been sustained for over 7 years. Our hospital
is in the highest performance UHC quartile for all-
cause IAP in 2012 to 2014. A multidisciplinary quality-
improvement team, focused on evidence, patient safety,
and standardization, can use a multifaceted interven-
tion to sustainably improve patient outcomes. Promot-
ing ultrasound-guided IJ catheterization as the CVC
insertion method of choice significantly reduced our
hospital’s rate of CVC-associated IAP.
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