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Background: Midline catheters are recommended over peripherally inserted central catheters as short-term
vascular access device for peripherally compatible infusates. We assessed the effectiveness and safety of midline catheters.
Methods: Data from midline catheter placements from June 2016 to May 2019 at a tertiary-care Veterans
Administration medical center were retrospectively collected. Patients were followed until catheter removal
or death, whichever occurred ﬁrst. The primary outcome was completion of intended therapy; secondary
outcomes were catheter-related complications, including major (eg, catheter-related bloodstream infections
[CRBSI] or venous thromboembolism [VTE]) and minor (eg, catheter occlusion, kinking, dislodgement)
events.
Results: Of 115 midlines, 62 (53.9%) were for antibiotic infusion and 49 (32.6%) for difﬁcult access. The
median dwell time was 11 days (interquartile range, 5.5-19.5 days). Midline catheters lasted through completion of therapy in 93 patients (80.9%). Catheter-related complications occurred in 27 patients (23.5%),
including catheter dislodgement in 10 patients (8.7%), catheter kinking in 8 (7.0%), and catheter occlusion in
3 (2.6%). Only 1 patient experienced a major complication, a deep venous thrombosis (0.9%).
Conclusions: Midlines appear to be effective and safe for short-term vascular access in patients requiring
peripherally compatible infusates. While the rate of major complications is low, minor complications that
necessitate device removal are common.
Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control and Epidemiology,
Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

BACKGROUND
Midline catheters (midlines) have emerged as an alternative to
peripherally inserted central catheters (PICCs) when short-term
venous access is needed for peripherally compatible infusates. Midlines are inserted in the antecubital fossa or the upper arm with the
tip terminating at or near the axilla, distal to the subclavian vein.1
PICCs are inserted in the same area, but extend proximally to the central veins with the tip terminating in the cavoatrial junction.2 Imaging
or electrocardiographic guidance to verify the correct positioning of
the catheter tip is not performed for midlines, but it is required for
PICCs to avoid important complications, such as arrhythmia, venous
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thrombosis and tip migration.3-5 Both devices are inserted following
surgical aseptic non touch technique (Surgical-ANTT) by trained
venous access specialists.5 Current guidelines recommend midlines
over PICCs if the expected duration is 14 days or less and central
access is not necessary.1
A few earlier single-center observational studies that directly
compared the rates of major complications, such as catheter-related
bloodstream infection (CRBSI) and venous thromboembolism (VTE),
between midlines and PICCs have yielded mixed results.6-8 A recent
large multi-institutional cohort study, which focused on devices that
were placed for 30 or fewer days for indications of difﬁcult venous
access or intravenous antibiotic therapy, showed lower rates of CRBSI
and catheter occlusion with midlines compared to PICCs. However,
no signiﬁcant difference in the risk of VTE between both devices was
observed.9 Aside from risk of complications, the rate of therapy completion with the midline placed is another measure used to assess
the effectiveness of midline catheters.6,10,11
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At our Veterans Administration tertiary-care medical center, we
implemented a vascular access specialist-driven program that promoted the use of midlines over PICCs for short-term access for
peripherally compatible infusates. Here we report our 3-year experience, including clinical indications, catheter dwell times, therapy
completion, and complications associated with midline use.
METHODS
Study overview
As part of our Quality Assurance program to evaluate the safety of
our institutional midline use, we analyzed retrospective demographic
and clinical data from the medical record of all patients that received
a midline from June 2016 to May 2019 at the Veterans Administration
Ann Arbor Healthcare System (VAAAHS). Clinical outcomes, including
completion of intended therapy and catheter-related complications,
were assessed up to the time of catheter removal or death, whichever
occurred ﬁrst.
Study setting
VAAAHS provides integrated healthcare delivery to more than
69,000 veterans residing in 15 neighboring counties located in
Michigan and Northwest Ohio. The main hospital is a regional referral center for specialty care and includes a 102-bed acute care hospital and a 40-bed post-acute convalescent facility. Beginning in
June 2016, the vascular access team at VAAAHS, composed of specially trained and certiﬁed nurses, started placing single-lumen
midline catheters (Powerwand 10 cm by Smiths Medical) according
to criteria established by the Michigan Appropriateness Guide for
Intravenous Catheters.1 The team screened all orders for vascular
access across the institution, including those coming from outpatient and inpatient settings, and collaborated with the requesting
provider to identify cases appropriate for midlines. In some cases,
the ordering provider initially requested a PICC, though a midline
was determined to be appropriate and was subsequently placed.
Midlines were deemed appropriate if the planned infusate was
peripherally compatible based on the Infusion Nurses Society
standards,12 duration of use was estimated to be less than 28 days,
and glomerular ﬁltration rate (GFR) was at least 45 mL/min/1.73m2.
Approval from a nephrologist was required for GFR less than 45 mL/
min/1.73m2. All midline insertions were performed using Accelerated Seldinger Technique under ultrasound guidance, and by following Surgical-ANTT with partial-body drape. The target insertion
site was identiﬁed by measuring 10 cm from the axillary line, and
no additional procedure was performed to ascertain the catheter
tip position. Catheter dressing with integrated securement system
was used (Sorbaview Shield by Centurion). Data including date and
indication of midline insertion were maintained in a Quality Assurance registry.
Patients and covariates
Data on all midline catheter placements during the study period
were retrospectively collected. Demographic and clinical data, such as
patient age at the time of insertion, gender, ethnicity, and body mass
index (BMI) were abstracted from the medical record. Charlson-Deyo
comorbidity score at the time of catheter insertion was calculated for
each patient. Clinical characteristics related to midlines, including
indication for placement, reason for removal, ordering provider specialty, and level of care at the time of catheter insertion were also collected. Finally, device characteristics including laterality, vein
accessed, and number of insertion attempts were obtained from the
standard clinical documentation used by the vascular access team.

Outcomes
The primary outcome of interest was the rate of completion of
intended therapy, and the secondary outcome was rate of midline
catheter-related complications, which were classiﬁed as either major
complications (including CRBSI and VTE) or minor complications (eg,
catheter occlusion or thrombosis, thrombophlebitis, catheter kinking,
skin or subcutaneous inﬁltration, and catheter dislodgement). We
adopted a previously used deﬁnition of CRBSI, which included the following criteria: (1) a positive blood culture sampled with a midline
catheter present or within 48 hours after catheter removal, (2) a catheter-tip culture positive for the same microorganisms or a blood-culture differential time-to-positivity of 120 minutes or more, and (3)
the absence of any other attributable source of bacteremia.13,14 VTE
was deﬁned as either symptomatic deep venous thrombosis (DVT) in
any extremity or symptomatic pulmonary embolism (PE) that was
not present at time of catheter insertion and was conﬁrmed with
imaging (ultrasound or venogram for DVT; computed tomography
scan or ventilation-perfusion scan for PE). Minor catheter complications were deﬁned in accordance with prior published
deﬁnitions.15,16 Patients were followed up to the time of catheter
removal or death, whichever occurred ﬁrst.
Statistical analysis
The unit of analysis was each midline catheter placement. Measures of frequency, central tendency, and dispersion were used to
describe patient and device characteristics, and clinical outcomes
related to midlines.
Ethical and regulatory oversight
Our evaluation of patient characteristics and outcomes associated
with midline catheter use was for quality assurance and met the criteria for non-research activity as outlined by the Department of Veterans Affairs Ofﬁce of Research and Development; therefore, our
study was exempt from IRB review.
RESULTS
Overall characteristics of the study cohort
There were 116 midline catheters placed at the VAAHS during the
3-year study period. One patient record could not be located, therefore a total of 115 midline placements were included in the analysis
(Table 1). The median patient age was 66 years (interquartile range
[IQR], 62-72 years), 91.3% were male, 77.4% were white, and the
median Charlson-Deyo score was 4 (IQR, 2-5). Most midlines were
placed while patients were admitted to the general care unit (67.0%),
while the remainder were placed in the intensive care unit (11.3%),
post-acute convalescent facility (20.0%), and outpatient setting
(1.7%). The median length of stay for patients who were hospitalized
at the time of midline insertion was 9 days (IQR, 6-17 days).
The most common indications for midline placement were intravenous antibiotic infusion (53.9%) and difﬁcult venous access for infusion and blood draws (42.6%). The median catheter dwell time was
11 days (IQR, 5.5-19.5 days), and 41 (35.6%) of patients had dwell
times longer than 14 days. Of the 90 midlines that were placed during
acute hospitalization, 44 (48.9%) were removed during the hospital
stay and 46 (51.1%) were removed after hospital discharge.
Nearly all midlines were placed by a vascular access nurse
(n = 114, 99%); one was placed by an interventional radiologist who
decided to insert a midline in lieu of a previously planned tunneled
catheter. Majority of midlines were successfully inserted on the ﬁrst
attempt (83.5%). The most common vein accessed was the basilic
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Table 1
Characteristics of patients receiving midline catheters
Characteristics

Age in Years, median (IQR)
Gender, n (%)
Male
Female
Level of Care at Time of Insertion, n (%)
General Care Unit
Intensive Care Unit
Post-Acute Convalescent Facility
Outpatient Clinic
Charlson-Deyo Score, median (IQR)
Indication, n (%)
Antibiotic Infusion
Difﬁcult Access/Blood Draw
End-of-life
Other
Vein Accessed, n (%)
Basilic
Brachial
Cephalic
Median
Other/unknown
Line Side, n (%)
Left Arm
Right Arm
Number of Insertion Attempts, n (%)
1
2
3
Dwell Time in Days, median (IQR)

Table 3
Complications associated with midline catheters
Patients receiving
midline catheters
(N = 115)
66 (62-72)
105 (91.3%)
10 (8.7%)
77 (67%)
13 (11.3%)
23 (20%)
2 (1.7%)
4 (2-5)
62 (53.9%)
49 (42.6%)
3 (2.9%)
1 (0.9%)
71 (61.7%)
29 (25.2%)
10 (8.7%)
2 (1.7%)
3 (2.6%)
58 (50.4%)
57 (49.6%)
96 (83.4%)
14 (12.2%)
5 (4.3%)
11 (5.5-19.5)

IQR = interquartile range

vein (61.7%), followed by the brachial vein (25.2%), and the cephalic
vein (8.7%).
Clinical outcomes with midline catheters
Of the 115 midlines, intended therapy was completed in 93
(80.9%) with the catheter in place (Table 2). Catheter-related complications occurred in 27 (23.5%) patients, including 6 (5.2%) who completed and 21 (18.3%) who did not complete the intended therapy.
One patient (1.0%), a 79-year-old male without relevant comorbidities, had a major complication, a new non-occluding DVT in the cannulated right brachial vein on day 9, while 27 (23.5%) patients
experienced a minor complication (Table 3). The most common
minor complications were catheter dislodgement (8.7%) and catheter
kinking (7.0%). One patient had multiple complications, which were
catheter dislodgement and catheter kinking.
Of the 22 patients who did not complete the intended therapy
with the midline, 19 (86.4%) subsequently received another vascular
Table 2
Therapy completion with midline catheters
Therapy Completion

Therapy/Infusion Completed
Complication Occurred
Therapy Completed
Therapy Incomplete
PIV Placed
Another Midline Placed
PICC Placed
Therapy Modiﬁed

3

Midlines
(N = 115)
n (%)
93 (80.9)
27 (23.5)
6 (5.2)
21 (18.3)
13 (11.3)
5 (4.3)
1 (0.9)
3 (2.6)

PIV = peripheral intravenous line; PICC = peripherally inserted central catheter.

Complications

Major Complications (Total DVT, PE, or CRBSI)
Conﬁrmed new DVT
Conﬁrmed new PE
Conﬁrmed new catheter-related bloodstream infection
Minor Complications (Total of any of the following:)
Catheter dislodgement
Catheter kinking
Skin/subcutaneous inﬁltration
Catheter occlusion or thrombosis
Thrombophlebitis
Total All Complications (Major or Minor)

Midline
(N = 115)
n (%)
1 (0.9)
1 (0.9)
0 (0)
0 (0)
27 (23.5)
10 (8.7)
8 (7.0)
4 (3.5)
3 (2.6)
2 (1.7)
27 (23.5)

DVT = deep venous thrombosis; PE = pulmonary embolism; CRBSI = catheter-related
bloodstream infection.

access device, including 13 (68.1%) who received a peripheral intravenous catheter (PIV), 5 (26.3%) who received another midline, and 1
(5.26%) who underwent PICC placement. For 3 patients, the intended
therapy was modiﬁed to an oral regimen. Rates of therapy completion and catheter-related complications by speciﬁc therapy infused
through the midline are shown in Table 4.
DISCUSSION
In this report, we describe our 3-year experience with midline
catheters at a Veterans Administration Medical Center. Over 80% of
patients completed the intended therapy with the midline placed.
Antibiotic infusion was the most common reason for midline placement. Most patients had their midlines removed within 14 days, but
over a third had longer dwell times. Only 1 patient experienced a
catheter-related major complication.
Our therapy completion rate is similar to that recently observed at
an institution that also adopted a vascular access nurse driven midline catheter program.6 Other single-institution studies reported
lower therapy completion rates, such as 39% and 63%.10,11 A large
multi-institutional study showed a higher completion rate of over
90%, with only 7.3% of midlines removed because of a complication.9
The median dwell time in that study was shorter (6 days vs 11 days)
and difﬁcult access was a more frequent indication for midline placement (72.4% vs 42.6%) compared to our practice experience. Future
studies may further elucidate the relationship between, dwell time,
clinical indication, and rate of therapy completion with midlines.
Our observed low rate of major complications is similar to those
reported in larger studies, albeit our median dwell time was almost
twice as long (11 days vs 6 days).9,17 Of note, all of our midlines were
single-lumen compared to 46% and 85% that were single-lumen in
the larger studies. Data on PICCs have shown that single-lumen compared to multi-lumen catheters are associated with a lower risk of
both VTE and central line-associated bloodstream infection (CLABSI),
but it remains unknown whether the same is true for midlines.18,19
While we did not directly compare midline catheters to PICCs
within our facility, our rates of catheter-related major complications
were favorable compared to those reported for PICCs that were in place
for 30 or fewer days.9 However, as previously reported in other studies,
we found that minor complications were not infrequent with
midlines.8,17 Almost 1 in 4 of our patients experienced such complications, most commonly catheter dislodgement and kinking. Although
these events were non-life threatening, they were non-trivial as they
required device removal, often before the intended therapy was completed, and they could have contributed to delays in care.
Thus far, our local experience with midline catheters supports
their continued use as the preferred device for short-term infusion of
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Table 4
Therapy completion and midline-related complications by speciﬁc infusate
Infusates

Antibiotics
Piperacillin-Tazobactam
Ceftriaxone
Ertapenem
Daptomycin
Cefazolin
Vancomycin
Ampicillin-Sulbactam
Cefepime
Intravenous Fluids
Others
Unfractionated Heparin
Furosemide

Total
patients
N

Patients completing
therapy
n (%)

Patients with midline
complication
n (%)

22
13
12
10
11
6
4
3
6

14 (63.6)
8 (61.5)
11 (91.7)
7 (70.0)
7 (63.6)
6 (100.0)
4 (100.0)
2 (66.7)
6 (100.0)

8 (36.3)
6 (46.2)
1 (8.3)
3 (30.0)
4 (36.3)
1 (16.7)
0 (0.0)
1 (33.3)
0 (0.0)

9
3

8 (88.9)
3 (100.0)

1 (11.1)
0 (0.0)

peripherally compatible infusates, consistent with guideline recommendations.1 However, there may be opportunities to further
improve clinical outcomes, particularly with regards to decreasing
the risk of minor complications. Clinical practice strategies to optimize midline insertion (eg, measuring catheter to vein ratio), device
securement, hub access, and site maintenance may reduce the risks
of catheter dislodgement, kinking, and occlusion, as well as skin and
subcutaneous inﬁltration, and thrombophlebitis. Advances in catheter manufacturing technology may also lead to lower complication
rates. For example, other studies that reported low rates of CRBSI
similar to our experience also used the Powerwand catheter.6,20
Future investigations may look at speciﬁc aspects of catheter design
and material composition that may be associated with the risk of
catheter-related complications.
Our study has several limitations. First, the single center setting
and the predominantly white, male, Veteran population may limit
generalizability of our ﬁndings. Second, all our patients had their
midlines placed either while hospitalized or while admitted to a
post-acute convalescent facility; thus, our experience may not be
applicable to patients receiving care outside of those settings. Third,
the retrospective collection of clinical data used for quality assurance
purposes could introduce non-differential misclassiﬁcation bias from
missing or incomplete information. Fourth, our institution only uses
the single-lumen Powerwand catheter. Therefore, our ﬁndings may
not be representative of other midline catheters with different insertion techniques, styles, materials and makes. For example, Powerwand catheters are inserted using the Accelerated Seldinger
Technique while other types of midline catheters use the Modiﬁed
Seldinger Technique, which has been shown to require a signiﬁcantly
longer insertion time compared to the former in studies on PICCs and
central venous catheters.21,22 Finally, we only use Sorbaview Shield
dressing with integrated securement system. Thus, our ﬁndings may
not be representative of other methods of midline securement.
CONCLUSIONS
In conclusion, we found that midline catheters are effective and
safe for patients requiring short-term vascular access for peripherally
compatible infusates across various clinical care settings, including
general care unit, intensive care unit, and post-acute convalescent
facility. As device removal prior to therapy completion is common,
further investigation may help identify best practices on patient
selection, insertion, optimal dwell time, device securement and
maintenance of midline catheters to maximize their clinical utility.
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