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Cost and Safety of Pediatric Intensive Care
Physician-Placed Broviac Catheters
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Objective: To compare the cost and safety of placement of Broviac
catheters in children by pediatric intensivists in a sedation suite
versus placement by pediatric surgeons in the operating room.
Design: Single-center retrospective analysis.
Setting: Pediatric sedation suite and operating rooms in a tertiary
care children’s hospital.
Patients: All pediatric patients with Broviac catheters placed
(n = 253) at this institution over a 3-year period from 2007 to 2009.
Interventions: None.
Measurements and Main Results: We reviewed the charts of all
pediatric patients with Broviac catheters placed, either by intensivists or surgeons, and compared cost and outcomes. Procedure
safety was assessed and categorized into immediate, short-term
(within 2 wk of procedure), and long-term outcomes. Anesthetic
safety and billing data for the procedure were also collected.
Among similar patient populations, immediate complications,
such as pneumothorax, procedure failure (p > 0.999), and anesthetic complications (p = 0.60), were not significantly different.
Short-term outcomes, including infection (p = 0.27) and catheter
malfunction (p > 0.999), were not different. Long-term outcomes,
including mean indwelling catheter days (p = 0.60) and removal
due to catheter infection (p = 0.09), were not different between
the groups. Overall cost of the procedure was significantly different: $7,031 (± $784) when performed by surgeons and $3,565
(± $311) when performed by intensivists (p < 0.001).
Conclusions: Pediatric critical care physicians can place Broviac
catheters as safely as pediatric surgeons and at a lower cost in a
defined patient population. (Pediatr Crit Care Med 2014; 15:71–76)
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roviac catheters are widely used in the care of children
with malignancies and other chronic illness who require
long-term central venous access. These tunneled catheters allow for frequent blood sampling and administration
of medication and nutrition in pediatric patients without the
discomfort and anxiety of frequent needle sticks. The use and
benefits of long-term central venous access devices (CVADs) in
children are well established (1–5).
Traditionally, Broviac catheters have been placed in
patients under general anesthesia by pediatric surgeons in
the operating room (OR) (6, 7). This study examines an
alternative approach—the placement of Broviac catheters by
pediatric critical care physicians in a sedation suite. Earlier
studies, mainly of adult patients, have compared cost, complications, and outcomes of central catheters placed by surgeons, anesthesiologists, and interventional radiologists,
supporting the economic advantages and scheduling convenience of this method (7–10). Slavc and Urban (11) and
Skladal et al (12) previously proposed that tunneled CVADs
could safely be inserted in children by pediatric intensivists
and oncologists. Other data provide evidence that performing this procedure outside of the OR does not compromise
safety or sterility (7, 13).
Our children’s hospital operates a high-volume pediatric
sedation service, performing over 6,000 sedations annually.
Pediatric intensivists insert approximately half of all Broviac
catheters placed at our institution. Our Broviac catheter
insertion protocol employs two intensivists: one to administer anesthesia and another to place the catheter under sterile
conditions. Anesthesia for Broviac insertion is primarily done
using propofol, often paired with an opioid analgesic. For
patients who do not require any additional surgical procedures, this approach avoids the time and costs associated with
the OR and postanesthesia care unit (PACU).
www.pccmjournal.org
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To evaluate the safety and cost-effectiveness of Broviac catheter placement in sedation suites, we reviewed procedural data
from our institution and examined the associated billed charges.
We present outcomes from several years of experience of Broviac
catheter placement in children by trained pediatric intensivists.
To our knowledge, no previous study has specifically examined
this practice or its financial and patient-safety implications.
The primary aims of the study were to compare cost differences in Broviac catheter placement by surgeons and intensivists and to compare safety outcomes between the two groups
of patients. Cost was calculated as the charge for the entire procedure of Broviac catheter placement and was obtained from
hospital billing records.

MATERIALS AND METHODS
Study Design
This study was performed as a retrospective analysis with
medical chart review at Helen DeVos Children’s Hospital in
Grand Rapids, MI. Approval for the study was obtained from
the Institutional Review Board of Spectrum Health.
Subject Identification and Data Collection
All patients with Broviac catheters placed by pediatric intensivists and pediatric surgeons during a 3-year period from 2007 to
2009 were identified, and their charts and billing records were
reviewed. All patients with Broviac catheters inserted in the OR
or sedation suite were included. Patients with catheter insertion performed in either the PICU or neonatal ICU (NICU)
were excluded.
We identified 176 patients who had 253 Broviac catheters
placed during the study period. On preliminary review of the
study population, we found that a large number of the pediatric surgery patients (83 of 141) were patients from the NICU.
This considerably altered the similarity of the two groups,
resulting in a significant difference in average patient age,
weight, American Society of Anesthesiologists (ASA) class, and
other morbidities such that we felt we were unable to accurately compare the two patient groups. At our institution,
Broviac catheter insertion in NICU patients is performed by
the pediatric surgery service exclusively. Therefore, we elected
not to include this group in our final analysis of the outcomes,
complications, and costs in this study.
The final study population included all non-NICU pediatric patients with Broviac catheters placed at our children’s hospital from 2007 to 2009. Data were analyzed from 170 patients:
112 intensivist patients and 58 surgery patients. We collected
information from each patient as recorded in the chart at the
time of Broviac catheter placement, including age, weight,
diagnosis, referring service, ASA class, and other procedures
performed concurrently with Broviac placement.
In order to describe safety, we assessed findings in three
categories: immediate complications (occurring at the time of
catheter placement), short-term complications (within 14 d of
the procedure), and long-term outcomes (over the lifespan of
the catheter.)
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From each procedure note, we recorded total procedure
time, success of the procedure, and intraprocedure complications that required intervention, including dysrhythmia,
airway compromise, or difficulty on induction of anesthesia.
We used these data to determine any differences in immediate complications of the procedure across the two groups
of patients.
We reviewed each of the patient charts to follow the outcome of the Broviac catheter after placement—average time
the catheter remained in place, reason for removal, occurrences of catheter or site infection, and other complications
such as catheter malfunction or inadvertent removal.
In order to compare cost, we obtained hospital billing
records and calculated the charges for Broviac catheter placement for both the intensivist and surgical patients. As the pediatric surgeons are a private practice group, we also extracted
the billed charges for each surgery patient from records provided by the pediatric surgery billing office. Charges for
Broviac placement by intensivists included sedation suite fee,
catheter placement fee, medications, supplies, and fluoroscopy
and/or radiograph charges. Charges for Broviac placement by
surgeons included OR fee, catheter placement fee, anesthesia fee, medications, supplies, fluoroscopy and/or radiograph
charges, and PACU charges.
It was not possible to isolate the anesthesia charges and OR
charges for the catheter placements alone from billing data for
patients undergoing multiple procedures concurrently. Thus,
for the purpose of charge comparison, we analyzed billing data
for patients who underwent Broviac catheter placement only
(26 surgery patients and 37 intensivist patients). In 14 of the
intensivist patient records, charge data were either missing or
incomplete. Overall charge data were compared in 26 surgical
and 23 intensivist procedures.
Statistical Analysis
Characteristics of the study subjects are presented using frequency
counts, percentages, mean, or median as specified. Continuous
variables were analyzed using two-sample t tests. Chi-square test
or Fisher exact test was used for categorical variables. Statistical
significance was defined as a p value of less than 0.05.

RESULTS
Characteristics of the Main Study Group
A total of 170 Broviac placements (112 intensivist patients and
58 surgical patients) were included in the analysis. These two
groups of patients were similar (Table 1). The majority of the
surgical patients were referred from the hematology-oncology
and gastroenterology services. Of the surgical patients, 32 of 58
underwent concurrent procedure at the time of Broviac placement, the most common of which was tissue biopsy (n = 7).
Nearly all of the intensivist patients were referred from the
hematology-oncology service. Of the intensivist patients, 75 of
112 underwent a concurrent procedure at the time of Broviac
placement. The most common were lumbar puncture (n = 37)
and bone marrow aspiration (n = 22).
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Table 1.

Characteristics of Pediatric Patients Undergoing Broviac Catheter Placement

Variable

Intensivist

Surgeon

Number of cases

112

58

Mean age (mo)

51.4

60.9

Mean weight (kg)b

20.6

19.2

2.8

2.9

a

Mean American Society of Anesthesiologists classc
Referring service (%)
 Hematology/oncology

103 (92)

27 (46.6)

 Gastroenterology

4 (3.6)

22 (37.9)

 Infectious disease

2 (1.8)

8 (13.8)

 Cardiothoracic surgery

3 (2.7)

0 (0)

Concurrent procedure

75 (67.0)

32 (55.2)

Broviac placement only

37 (33.0)

26 (44.8)

p = 0.20.
b
p = 0.51.
c
p = 0.21.
a

Broviac placement was performed using one of two
techniques differing by the approach to cannulating the
vein. The first technique uses a percutaneous approach and
Seldinger technique, whereas the second is an open cutdown procedure. The intensivists only perform the percutaneous approach, whereas the surgeons use either technique,
depending on surgeon preference. Of the 57 of 58 available
surgical procedure reports, 39 (68%) were done using the
percutaneous approach, whereas 18 (32%) used the cutdown approach. Most of the venous cut-down procedures
were performed on younger children, with 10 of 15 catheters (67%) being placed in children younger than 1 year old
using this technique compared with only 8 of 42 (19%) in
children older than 1 year.
All intensivist Broviac catheters were placed in the subclavian vein. Most of the surgical Broviac catheters inserted via
the percutaneous approach were also placed in the subclavian
vein 37 of 39 (95%), with the remaining 2 of 39 (5%) positioned in the internal jugular vein. Catheters inserted using the
cut-down approach were either placed in the external jugular
vein 15 of 18 (83%) or the facial vein 3 of 18 (17%). In the
sedation suite, position of the catheter was confirmed by the
intensivist using real-time bedside fluoroscopy. In the OR, surgeons confirmed location of the catheter using fluoroscopy or
chest radiograph. Ultrasound was not used in the placement of
any of the catheters.
Table 2.

Safety
Immediate Complications. Immediate complications encountered at the time of the procedure, including procedure failure, dysrhythmia requiring intervention, and complications
of anesthesia, were not significantly different between the two
groups (Table 2). There were no occurrences of pneumothorax
or hemothorax in either group. Mean procedure time for Broviac catheter placement was 39 minutes for intensivist patients
and 30 minutes for surgical patients (p = 0.84). Each group
experienced one unsuccessful procedure attempt in which
Broviac placement was not achieved. One intensivist patient
experienced dysrhythmia that required intervention: an episode of supraventricular tachycardia successfully treated with
adenosine. Each group had two patients experiencing complication with initiation of anesthesia. Of the surgeon patients,
one experienced an aspiration event that resulted in a postoperative PICU admission, ventilatory support, and tracheostomy. Another patient, with Hunter syndrome and a known
difficult airway, experienced problems with intubation and
airway compromise in the OR, leading to cardiopulmonary
arrest. Of the intensivist patients, one experienced bradycardia and another experienced airway obstruction. Both cases
resulted in intubation in the sedation suite and transfer to the
PICU, and both subsequently recovered without permanent
sequelae. None of the immediate complications occurring during placement of Broviac catheters was significantly different

Immediate Complications of Broviac Catheter Placement
Intensivist (n = 112) (%)

Surgeon (n = 58) (%)

p

Unsuccessful procedure

1 (0.9)

1 (1.7)

> 0.999

Dysrhythmia

1 (0.9)

0 (0)

> 0.999

Complication with anesthesia

2 (1.8)

2 (3.4)

Variable

Pediatric Critical Care Medicine

0.61
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Table 3. Short-Term Outcomes of Broviac Catheter Placement (Reasons for Removal
Within 14 Days of Placement)
Variable

Intensivist (n = 112) (%)

Surgeon (n = 58) (%)

p

Infection

1 (0.9)

2 (3.4)

0.27

Malfunction

1 (0.9)

0 (0)

> 0.999

Not needed

1 (0.9)

0 (0)

> 0.999

Inadvertent removal

8 (7.1)

1 (1.7)

0.17

Patient death

0 (0)

1 (1.7)

0.34

between the two groups. The overall success rate of the both
groups was greater than 98%.
Short-Term Outcomes. Short-term outcomes were defined
as events resulting in removal of the Broviac within 14 days
of placement (Table 3). Occurrences of catheter infection,
catheter malfunction, and the patient no longer requiring a
central catheter were similar in both groups. Loss of the catheter due to inadvertent removal was more frequent among the
intensivist patients, although was not statistically significant.
Neither of the groups had occurrence of infection within 5
days of Broviac catheter placement. The earliest incidents of
infection were at day 7 in a surgical patient and day 12 in an
intensivist patient.
Long-Term Outcomes. Between the two groups, there were
no statistically significant differences in the long-term endpoints of the Broviac catheters (Table 4). Mean indwelling
catheter days were similar, with an average 149 days (± 111 d)
for surgical patients and 161 days (±133 d) for intensivist
patients (p = 0.60). Infection requiring removal of the catheter
occurred at similar rates in both groups with a mean number
of days to infection of 136 days (± 166 d) in the intensivist
patients and 89 days (± 86 d) in the surgeon patients. Nearly
all the patients could be accounted for, with a small number
in each group with records that were incomplete or could not
be located.

Cost of Broviac Catheter Placement
Overall charge for the procedure was significantly different: $7,031
(± $784) when performed by surgeons and $3,565 (± $311)
when performed by intensivists (p < 0.001) (Table 5).

DISCUSSION
Our findings demonstrate that the insertion of Broviac catheters by pediatric intensivists can be a successful, safe, and costeffective alternative to insertion by surgeons in the OR. This
study adds to a larger body of current literature, which consistently shows that CVADs can be inserted economically outside
of the OR with excellent outcomes. Our experience emphasizes
that this procedure can be reliably performed by nonsurgeons
through a pediatric sedation service.
Safety
We found that the safety of the immediate procedure and
time required for Broviac placement were not significantly
different between the two groups. Procedure failure was rare
in either group, with success rates more than 98%, above
the range of 64–89% reported in other studies (9, 12). Our
results support earlier adult and pediatric studies validating that the percutaneous approach used by intensivists and
the venous cut-down technique favored by surgeons have
similar success and safety profiles (9, 12–19). Additional
procedure-related complications of CVAD insertion, such

Long-Term Outcomes of Broviac Catheter Placement (Reasons for Removal of
Catheter)
Table 4.
Variable

Intensivist (n = 112a) (%)

Surgeon (n = 58a) (%)

p

Infectionb

15 (13.4)

14 (24.1)

0.09

Malfunction

29 (25.9)

14 (24.1)

0.85

Not needed

42 (37.5)

14 (24.1)

0.09

Inadvertent removal

14 (12.5)

8 (13.8)

0.81

Patient death

3 (2.7)

2 (3.4)

> 0.999

Catheter change

1 (0.9)

1 (1.7)

> 0.999

Still in place

3 (2.7)

0 (0)

0.55

Lost to follow-up

5 (4.5)

5 (8.6)

0.31

The two unsuccessful procedures (one in each group) were counted as malfunction.
b
Number of catheters removed for infection across the life of the catheters
a
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Table 5.

Cost of Broviac Catheter Placement

Variable

Intensivist

Surgeon

p

$3,565 (± $311)

$7,031 (± $784)

< 0.001

Mean (± sd) total billed charges

as pneumothorax, hemothorax, dysrhythmia, and airway
compromise (6, 20–22), were infrequent and not different
between the groups.
Concerns regarding sterility of the environment outside of
the OR are not substantiated in recent literature. Multiple studies document no difference in rates of infection, complications,
or related morbidity in patients with catheters inserted in the
OR compared with other settings, including sedation rooms,
interventional radiology, and ICUs, where sterile technique is
observed (7, 13). Muhm et al (13) showed that intensivists and
anesthesiologists performed CVADs insertion in adult patients
in a radiology suite as safely as surgeons in the OR. Our experience supports these findings.
The function and duration of the catheters, when examined
at 2 weeks after placement and at the time of removal, were
comparable between the two groups. The reasons for removal
were similar between the groups. Common complications
associated with long-term venous access devices, including
catheter infection, dislodgement, and mechanical difficulty
with the catheter (4, 15, 18, 23, 24), were not significantly different. Rate of infection necessitating removal of intensivistplaced catheters was 13%—less than those of other published
studies, which report infection rates of 17–42% (1, 9, 12, 13,
20). No infections occurred in either group within 5 days of
placement, suggesting that neither group had an infection
related to insertion technique. Likewise, our rates of inadvertent removal or dislodgement (12.5%) were comparable
to those of other studies with rates of 11–17% (9, 12, 13, 20).
These data, along with a similar mean indwelling catheter time
of over 6 months, are evidence that the longevity and security of intensivist-placed catheters compares favorably with
the surgeon-placed catheters. Although not statistically significant, there was a trend toward more inadvertent removals in
the intensivist group. We theorize that this may be due to the
relatively high proportion of new cancer patients in this group
with potentially compromised wound healing around the cuff
during active chemotherapy treatment. However, we are investigating the trend and examining the possibility of inadequate
securing of newly placed Broviacs.
Cost
This study also demonstrates that the charge for Broviac catheter insertion by intensivists in a sedation suite is significantly
less (p ≤ 0.001) than insertion by surgeons in the OR. At our
hospital, relocating Broviac catheter insertion from the OR to
a sedation suite cuts the cost in half, for a savings of nearly
$3,500. The cost differences are multifactorial, but the bulk of
the savings is derived from eliminating OR and PACU billed
time associated with the procedure, which are not applicable
in the sedation service model.
Pediatric Critical Care Medicine

Few previous studies have specifically examined the cost of
placing CVADs in children outside of the OR. Lally et al (7)
showed that Broviac catheters inserted in the NICU by surgeons was a safe and cost-effective alternative to the OR. Several
pediatric studies have illustrated that CVADs can be placed by
interventional radiology at a lower cost and with similar safety
to OR placement (9, 10, 25).
Study Limitations
The retrospective nature of this study may not account for
differential recording of procedure details and complications.
The number of actual insertion attempts for each case may be
relevant to complications and was not specified. As a single
institution analysis, our results may not be generalizable to
charges and outcomes at other institutions.
With the exclusion of the NICU population, the two groups
of children with Broviac catheters placed at our institution
were quite similar, other than a larger percentage of intensivist patients originating from the hematology-oncology service.
We cannot comment on applicability of our study findings to
NICU patients, as our pediatric intensivists do not currently
insert Broviac catheters in NICU patients.
An important consideration not within the scope of this
study is the issue of billing and reimbursement. Our records
provided us access to determine the billed charges for the procedures, but we do not have data as to the actual reimbursement
collected from various payers. Some cost analysis studies have
examined reimbursements (26) or attempted to create a value
estimate based on services provided (8). However, the differential between billed costs and actual reimbursement is a central
factor in healthcare cost analysis, and this number may be highly
variable with each individual hospital, private practice group,
and patient insurance plan (27). We cannot comment as to how
billed charges at our institution compare to costs nationally.
The volume and success of Broviac catheter placement by
intensivists at our institution is enhanced by a cooperative and
complementary relationship with the pediatric surgery service.
Patient selection is highly collaborative, with both intensivists
and surgeons referring patients to the other team, as they feel
appropriate. Additionally, we presume that there are a minimum number of procedures necessary for each practitioner
to regularly perform to maintain proficiency and safety. It is
not definitive that our safety findings would be comparable for
practitioners at other institutions.
Implications
We address Broviac catheter insertion in a specific group of
pediatric patients who do not require other concurrent surgical treatment. Our service does not eliminate the need for
placement of some CVADs in the OR. However, these results
www.pccmjournal.org
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present potential practice implications for pediatric intensivists and surgeons, as well as children’s hospitals with the capability of expanding pediatric sedation programs. This joint
endeavor is recognized as advantageous to all those involved.
For the pediatric critical care physician, integration of surgical procedures with sedation services offers an opportunity
to enhance scope of practice, develop additional skills, and
expand academic interests beyond the ICU. For the pediatric
surgeon, allocating appropriate procedures to the sedation service allows valuable OR time to be used for other cases and
decreases scheduling wait time. For children’s hospitals, potential benefits include cost savings, revenue from increased procedure volume, and patient satisfaction. Although not quantified
in this study, anecdotally, utilization of the pediatric sedation
service is positively accepted by children and their families, as
well as the referring services.

CONCLUSIONS
Pediatric critical care physicians in a sedation suite can place
Broviac catheters as safely as pediatric surgeons in the OR, at a
lower cost, in a defined patient population. This practice offers
both patients and children’s hospitals the economic and scheduling benefits of an intensivist-led procedural pediatric sedation service.
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