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To reduce risk of complications, existing guidelines
recommend use of peripherally inserted central catheters
(PICCs) with the minimal number of lumens. This
recommendation, however, is difficult to implement in
practice. We conducted a pilot study to increase the

use of single-lumen PICCs in hospitalized patients.

The intervention included (1) education for physicians,
pharmacists, and nurses; (2) changes to the electronic
PICC order-set that set single lumen PICCs as default;
and (3) criteria defining when use of multilumen PICCs is
appropriate. The intervention was supported by real-
time monitoring and feedback. Among 226 consecutive

ascular access is a cornerstone of safe and effective

medical care. The use of peripherally inserted central

catheters (PICCs) to meet vascular access needs has

recently increased."? PICCs offer several advantages
over other central venous catheters. These advantages include
increased reliability over intermediate to long-term use and re-
ductions in complication rates during insertion.®*

Multiple studies have suggested a strong association be-
tween the number of PICC lumens and risk of complications,
such as central-line associated bloodstream infection (CLABSI),
venous thrombosis, and catheter occlusion.>8%1%12 These com-
plications may lead to device failure, interrupt therapy, pro-
longed length of stay, and increased healthcare costs.™® Thus,
available guidelines recommend using PICCs with the least
clinically necessary number of lumens."'® Quality improvement
strategies that have targeted decreasing the number of PICC
lumens have reduced complications and healthcare costs.”"?
However, variability exists in the selection of the number of
PICC lumens, and many providers request multilumen devices
"just in case” additional lumens are needed.??' Such variation
in device selection may stem from the paucity of information
that defines the appropriate indications for the use of single-
versus multilumen PICCs.
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PICCs, 64.7% of preintervention devices were single
lumen versus 93.6% postintervention (P < .001). The
proportion of PICCs with an inappropriate number

of lumens decreased from 25.6% preintervention to
2.2% postintervention (P < .001). No cases suggesting
inadequate venous access or orders for the placement
of a second PICC were observed. Implementing a
single-lumen PICC default and providing education
and indications for multilumen devices improved

PICC appropriateness. Journal of Hospital Medicine
2019;14:42-46. Published online first October 31, 2018.
© 2019 Society of Hospital Medicine

Therefore, to ensure appropriateness of PICC use, we de-
signed an intervention to improve selection of the number of
PICC lumens.

METHODS

We conducted this pre-post quasi-experimental study in ac-
cordance with SQUIRE guidelines.? Details regarding clinical
parameters associated with the decision to place a PICC, pa-
tient characteristics, comorbidities, complications, and labo-
ratory values were collected from the medical records of pa-
tients. All PICCs were placed by the Vascular Access Service
Team (VAST) during the study period.

Intervention
The intervention consisted of three components: first, all hos-
pitalists, pharmacists, and VAST nurses received education in
the form of a CME lecture that emphasized use of the Michi-
gan Appropriateness Guide for Intravenous Catheters (MAG-
IC)." These criteria define when use of a PICC is appropriate
and emphasize how best to select the most appropriate de-
vice characteristics such as lumens and catheter gauge. Next, a
multidisciplinary task force that consisted of hospitalists, VAST
nurses, and pharmacists developed a list of indications speci-
fying when use of a multilumen PICC was appropriate.’ Third,
the order for a PICC in our electronic medical record (EMR)
system was modified to set single-lumen PICCs as default. If a
multilumen PICC was requested, text-based justification from
the ordering clinician was required.

As an additional safeguard, a VAST nurse reviewed the num-
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ber of lumens and clinical scenario for each PICC order prior to
insertion. If the number of lumens ordered was considered inap-
propriate on the basis of the developed list of MAGIC recom-
mendations, the case was referred to a pharmacist for addition-
al review. The pharmacist then reviewed active and anticipated
medications, explored options for adjusting the medication
delivery plan, and discussed these options with the ordering
clinician to determine the most appropriate number of lumens.

Measures and Definitions

In accordance with the criteria set by the Centers for Disease
Control National Healthcare Safety Network,? CLABSI was
defined as a confirmed positive blood culture with a PICC in
place for 48 hours or longer without another identified infec-
tion source or a positive PICC tip culture in the setting of clin-
ically suspected infection. Venous thrombosis was defined as
symptomatic upper extremity deep vein thromboembolism
or pulmonary embolism that was radiographically confirmed
after the placement of a PICC or within one week of device re-
moval. Catheter occlusion was captured when documented or
when tPA was administered for problems related to the PICC.
The appropriateness of the number of PICC lumens was inde-
pendently adjudicated by an attending physician and clinical
pharmacist by comparing the indications of the device placed
against predefined appropriateness criteria.

Outcomes

The primary outcome of interest was the change in the propor-
tion of single-lumen PICCs placed. Secondary outcomes in-
cluded (1) the placement of PICCs with an appropriate number
of lumens, (2) the occurrence of PICC-related complications
(CLABSI, venous thrombosis, and catheter occlusion), and (3)
the need for a second procedure to place a multilumen device
or additional vascular access.

Statistical Analysis

Descriptive statistics were used to tabulate and summarize patient
and PICC characteristics. Differences between pre- and postin-
tervention populations were assessed using y?, Fishers exact, t-,
and Wilcoxon rank sum tests. Differences in complications were
assessed using the two-sample tests of proportions. Results were
reported as medians (IQR) and percentages with corresponding
95% confidence intervals. All statistical tests were two-sided, with
P < .05 considered statistically significant. Analyses were conduct-
ed with Stata v.14 (stataCorp, College Station, Texas).

Ethical and Regulatory Oversight
This study was approved by the Institutional Review Board at
the University of Michigan (IRB#HUM00118168).

RESULTS

Of the 133 PICCs placed preintervention, 64.7% (n = 86) were
single lumen, 33.1% (n = 44) were double lumen, and 2.3% (n
= 3) were triple lumen. Compared with the preintervention
period, the use of single-lumen PICCs significantly increased
following the intervention (64.7% to 93.6%; P < .001; Figure 1).
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Simultaneous administration of multiple incompatible medications
TPN infusion with concurrent need for additional IV medications

Simultaneous use of continuous vesicant or irritant chemotherapy with other
medications

Double Lumen: IV tacrolimus, IV fosarnet, IV cytarabine or doxorubicin/vincristine as a
combined infusion with simultaneous use of additional IV medications.

Triple Lumen: continuous vesicant or irritant chemotherapy meeting the requirement for a
double lumen PICC plus actively receiving blood products.

Need for vasopressors

ie continuous use of phenylephrine, vasopressin, dopamine, norepinephrine, epinephrine,
dobutamine, milrinone.

FIG 1. Michigan Multilumen PICC Criteria

Abbreviations: IV, intravenous; PICC, peripherally inserted central catheter; TPN, total
parenteral nutrition.

As well, the proportion of PICCs with an inappropriate number
of lumens decreased from 25.6% to 2.2% (P < .001;Table 1).

Preintervention, 14.3% (95% Cl = 8.34-20.23) of the patients
with PICCs experienced at least one complication (n = 19).
Following the intervention, 15.1% (95% CI = 7.79-22.32) of the
93 patients with PICCs experienced at least one complication
(absolute difference = 0.8%, P = .872). With respect to individ-
ual complications, CLABSI decreased from 5.3% (n = 7; 95%
Cl =1.47-9.06) to 2.2% (n = 2; 95% Cl = -0.80-5.10; P = .239).
Similarly, the incidence of catheter occlusion decreased from
8.3% (n = 11; 95% Cl = 3.59-12.95) to 6.5% (n = 6; 95% Cl =
1.46-11.44; P = .610; Table). Notably, only 12.1% (n = 21) of pa-
tients with a single-lumen PICC experienced any complication,
whereas 20.0% (n = 10) of patients with a double lumen, and
66.7% (n = 2) with a triple lumen experienced a PICC-associ-
ated complication (P = .022). Patients with triple lumens had a
significantly higher incidence of catheter occlusion compared
with patients that received double- and single-lumen PICCs
(66.7% vs. 12.0% and 5.2%, respectively; P = .003).

No patient who received a single-lumen device required
a second procedure for the placement of a device with ad-
ditional lumens. Similarly, no documentation suggesting an
insufficient number of PICC lumens or the need for additional
vascular access (eg, placement of additional PICCs) was found
in medical records of patients postintervention. Pharmacists
supporting the interventions and VAST team members report-
ed no disagreements when discussing number of lumens or
appropriateness of catheter choice.

DISCUSSION

In this single center, pre—post quasi-experimental study, a mul-
timodal intervention based on the MAGIC criteria significantly
reduced the use of multilumen PICCs. Additionally, a trend to-
ward reductions in complications, including CLABSI and catheter
occlusion, was also observed. Notably, these changes in ordering
practices did not lead to requests for additional devices or re-
placement with a multilumen PICC when a single-lumen device
was inserted. Collectively, our findings suggest that the use of
single-lumen devices in a large direct care service can be feasibly
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TABLE. Patient Characteristics and Complications

Preintervention

Postintervention

Patient Characteristic, n (%) (n=133) (n=93) P Value
Age, mean (SD) 60.9(1.5) 60.3(1.8) .802
Female 72 (54.1) 38(40.9) .049
Charlson, median (IQR) 4(2-6) 4(2-7) 678
Smoking status 321

Never 56 (43.4) 37(40.2)

Former 54 (41.9) 42 (45.7)

Current 19(14.7) 13(14.1)
Body mass index, mean (SD) 30.7(0.9) 29.6(1.2) 455
Length of stay, median (IQR) 8(5-13) 7(5-13) 429
Ever ICU stay 5(3.8) 4(4.3) 1.00
History of CLABSI and/or VTE 27(203) 16(17.2) 559
Lab values, mean (SD)

White blood cell count 9.4(1.0) 10.1(0.7) 575

Absolute neutrophils 7.3(0.8) 7.7 (0.5) 732

Estimated Glomerular Filtration Rate (eGFR) 56.4 (0.9) 59.0 (0.4) 018

eGFR < 45 118 (88.7) 92(98.92) .003
Medications

Systemic anticoagulant 132(99.3) 93 (100) 402

Antiplatelet medication 49 (36.8) 35(37.6) .903
PICC Characteristics, n (%)

Lumens <.001

Single 86 (64.7) 87(93.6)

Double 44 (33.1) 6 (6.5)

Triple 3(23) 0

Inappropriate PICC selection 34(25.6) 2(2.2) <.001
Complications, n (%) (95% Cl)

CLABSI 7(5.26) (1.47-9.06) 2(2.15) (-0.80-5.10) 239

VTE 4(3.01)(0.10-5.91) 7(7.53)(2.16-12.89) 120

Catheter occlusion 11(8.27) (3.59-12.95) 6 (6.45) (1.46-11.44) 610

Any complication 19(14.29) (8.34-20.23) 14(15.1) (7.79-22.32) 872

Abbreviations: CLABSI, central line-associated bloodstream infection; ICU, intensive care unit; IQR, interquartile range; PICC, peripherally inserted central catheter; SD, standard deviation;

VTE, venous thromboembolism.

and safely increased through this approach. Larger scale studies
that implement MAGIC to inform placement of multilumen PICCs
and reduce PICC-related complications now appear necessary.
The presence of a PICC, even for short periods, significantly
increases the risk of CLABSI and is one of the strongest pre-
dictors of venous thrombosis risk in the hospital setting.'?2
Although some factors that lead to this increased risk are pa-
tient-related and not modifiable (eg, malignancy or intensive
care unit status), increased risk linked to the gauge of PICCs
and the number of PICC lumens can be modified by improv-
ing device selection.”’®? Deliberate use of PICCs with the
least numbers of clinically necessary lumens decreases risk of
CLABSI, venous thrombosis, and overall cost.’”17? Additional-
ly, greater rates of occlusion with each additional PICC lumen
may result in the interruption of intravenous therapy, the ad-
ministration of costly medications (eg, tissue plasminogen ac-
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tivator) to salvage the PICC, and premature removal of devices
should the occlusion prove irreversible.®

We observed a trend toward decreased PICC complications
following implementation of our criteria, especially for the out-
comes of CLABSI and catheter occlusion. Given the pilot nature
of this study, we were underpowered to detect a statistically sig-
nificant change in PICC adverse events. However, we did observe
a statistically significant increase in the rate of single-lumen PICC
use following our intervention. Notably, this increase occurred in
the setting of high rates of single-lumen PICC use at baseline
(64%). Therefore, an important takeaway from our findings is that
room for improving PICC appropriateness exists even among
high performers. In turn, high baseline use of single-lumen PICCs
may also explain why a robust reduction in PICC complications
was not observed in our study, given that other studies showing
reduction in the rates of complications began with considerably
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FIG 2. Utilization of PICCs by Number of Lumens, from Pre- to Postintervention.
Abbreviation: PICC, peripherally inserted central catheter

low rates of single-lumen device use.”” Outcomes may improve,
however, if we expand and sustain these changes or expand to
larger settings. For example, (based on assumptions from a previ-
ously published simulation study and our average hospital medi-
cine daily census of 98 patients) the increased use of single- over
multilumen PICCs is expected to decrease CLABSI events and
venous thrombosis episodes by 2.4-fold in our hospital medicine
service with an associated cost savings of $74,300 each year.”
Additionally, we would also expect the increase in the proportion
of single-lumen PICCs to reduce rates of catheter occlusion. This
reduction, in turn, would lessen interruptions in intravenous ther-
apy, the need for medications to treat occlusion, and the need
for device replacement all leading to reduced costs.?” Overall,
our intervention (informed by appropriateness criteria) provides
substantial benefits to hospital savings and patient safety.

After our intervention, 98% of all PICCs placed were found to
comply with appropriate criteria for multilumen PICC use. We
unexpectedly found that the most important factor driving our
findings was not oversight or order modification by the pharmacy
team or VAST nurses, but rather better decisions made by physi-
cians at the outset. Specifically, we did not find a single instance
wherein the original PICC order was changed to a device with
a different number of lumens after review from the VAST team.
We attribute this finding to receptiveness of physicians to change
ordering practices following education and the redesign of the
default EMR PICC order, both of which provided a scientific ra-
tionale for multilumen PICC use. Clarifying the risk and criteria
of the use of multilumen devices along with providing an EMR
ordering process that supports best practice helped hospitalists
“do the right thing.” Additionally, setting single-lumen devices as
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the preselected EMR order and requiring text-based justification
for placement of a multilumen PICC helped provide a nudge to
physicians, much as it has done with antibiotic choices.?®

Our study has limitations. First, we were only able to identify
complications that were captured by our EMR. Given that over
70% of the patients in our study were discharged with a PICC
in place, we do not know whether complications may have de-
veloped outside the hospital. Second, our intervention was re-
source intensive and required partnership with pharmacy, VAST,
and hospitalists. Thus, the generalizability of our intervention to
other institutions without similar support is unclear. Third, de-
spite an increase in the use of single-lumen PICCs and a de-
crease in multilumen devices, we did not observe a significant
reduction in all types of complications. While our high rate of
single-lumen PICC use may account for these findings, larger
scale studies are needed to better study the impact of MAGIC
and appropriateness criteria on PICC complications. Finally, giv-
en our approach, we cannot identify the most effective modality
within our bundled intervention. Stepped wedge or single-com-
ponent studies are needed to further address this question.

In conclusion, we piloted a multimodal intervention to pro-
mote the use of single-lumen PICCs while lowering the use
of multilumen devices. By using MAGIC to create appropriate
indications, the use of multilumen PICCs declined and com-
plications trended downwards. Larger, multicenter studies to
validate our findings and examine the sustainability of this in-
tervention would be welcomed.
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