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Abstract
Purpose Device infection is a serious complication of cardiac implantable electronic devices (CIED). Ensuring complete pocket
closure can be time consuming, but remains vital to prevent infection. The Zip® Surgical Skin Closure (ZIP) is a noninvasive
adhesive device applied to the skin as an alternative to subcuticular sutures for skin closure. We hypothesized that using this
device would decrease pocket closure times without increasing the risk of pocket infections. This is a single center, retrospective
cohort study to compare pocket closure times and infection rates between ZIP and standard suture for CIED pocket closure.
Methods Two separate groups of consecutive new intravenous implants, upgrades, and pulse generator replacements from
October 2015 to April 2017 were included. A total of 175 patients were included, using either ZIP (n = 80) or suture (n = 95).
Total procedure time (local anesthetic to dressing application) and pocket closure time (fascial suture to dressing application)
were compared. Pocket infections were defined as infections leading to CIED extraction or wound dehiscence requiring repeat
procedure. Statistical analysis was performed using chi square test and Student’s t test.
Results Pocket closure time and procedure time were significantly shorter for the ZIP group (14.9 ± 6.8 vs 20.1 ± 11.09 min, p =
0.0003) and (65.02 ± 30.4 vs 83.83 ± 40.3 min, p = 0.0008), respectively. No pocket infections occurred in the Zip group, while
the suture group had 2:1 wound dehiscence and 1 pocket infection.
Conclusion The ZIP device resulted in significantly shorter pocket closure and procedure times without increasing device pocket
infections.
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Abbreviations
CIED Cardiac implantable electronic devices
SSI Superficial surgical site infections
DM Diabetes mellitus
GFR Glomerular filtration rate
ICD Implantable cardioverter defibrillator
PPM Permanent pacemaker
VSS Vancouver Scar Scale

1 Background

Cardiac implantable electronic devices (CIED) are a mainstay
of therapy in many cardiac patients. As the indications for
these devices continue to expand, the number of annual im-
plants has also risen, with over 600,000 annually worldwide
[1, 2]. CIED infection is a potentially serious complication of
device implantation and can range from superficial surgical
site infections (SSI) to deeper, pocket infections that ultimate-
ly may lead to system extraction. Achieving appropriate skin
approximation and minimal wound tension is important for
healing and preventing infections [3, 4].

Standard pocket closure techniques can be a time-
consuming process in which final results are operator depen-
dent. An ideal pocket closure technique would minimize
interoperator variability, reduce operative time, and still result
in appropriate incision closure to prevent infections.

A novel noninvasive tissue adhesion system (Zip® Surgical
Skin Closure, ZipLineMedical, Inc., Campbell, CA, USA) was
recently developed. This device is applied to the skin as an
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alternative to sutures for the subcuticular layer for closure of
surgical incisions. We hypothesized that using the Zip®
Surgical Skin Closure system (ZIP) would decrease pocket clo-
sure times without negatively affecting infection rates.

2 Methods

This is a single center, retrospective cohort study of 175 pa-
tients comparing the efficacy of the ZIP device to the use of
standard sutures for CIED pocket closure at the University of
Missouri. The study protocol was approved by the institution-
al review board. No funding source was utilized for the study.
All procedures were performed by three attending cardiac
electrophysiologists with significant experience in both clo-
sure techniques. Consecutive new transvenous implants, up-
grades, and pulse generator replacements performed from
October 2015 to February 2016 were included in the suture
group, and procedures from March 2016 to April 2017 were
included in the ZIP group. Prior toMarch 2016, all procedures
were performed with standard sutures, as the ZIP was not
available at the study center.

2.1 Procedure

Patients underwent one of three procedures requiring pocket
closure: new device implant, device upgrade, or pulse gener-
ator replacement. All patients received standard preoperative
intravenous antibiotics started within 30 min prior to skin
incision. The use of an antibiotic envelope and postoperative
antibiotics was performed at operator discretion. The fascia
and subcutaneous layers were closed with either 2–0 or 3–0

Vicryl sutures in all patients. In the suture group, the skin layer
was closed with running subcuticular sutures using 4–0
Vicryl, followed by application of 2-octyl-cyanoacrylate solu-
tion. In the ZIP group, the skin layer was closed using the ZIP
system (Zip® Surgical Skin Closure, ZipLine Medical, Inc.,
Campbell, CA, USA) in place of subcuticular sutures and 2-
octyl-cyanoacrylate solution. The ZIP is an adjustable, hydro-
colloid adhesive-based system designed for approximation of
the superficial skin. The adjustable device is applied by plac-
ing the strips of adhesive tape on each side of the incision, and
tightening the adjustable plastic ratcheting pieces to close the
superficial skin (Fig. 1). The ZIP device remained in place
until the first follow-up appointment, 7–14 days following
the implant. Patients in both groups were instructed regarding
standard post-procedural instructions.

2.2 Outcomes

The primary outcomes of this study were total procedure and
pocket closure time. Total procedure time was defined as time
from administering local anesthetic to the chest to dressing ap-
plication. Pocket closure time was defined as the time from the
start of the first fascial suture application to dressing application.

The secondary outcome was infection rate. Two main cat-
egories of infections were documented: surgical site infections
(SSI) and pocket infections. SSI infections were defined as
any superficial erythema or discharge localized to the incision
site requiring oral antibiotics. Pocket infections were defined
as deeper infections involving the device pocket or any part of
the device system requiring intravenous antibiotics or need for
repeat procedure such as explant or repeat closure for wound
dehiscence.

Fig. 1 ZIP device application for
PPM implant. a Pocket
appearance after suture closure of
fascial and subcutaneous layers. b
Initial application of ZIP device. c
ZIP device after tightening plastic
ratcheting system. d Final
appearance of ZIP device pocket
closure
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Risk factors previously shown to increase risk of infection
were documented. These include diabetes mellitus (DM),
chronic kidney disease (GFR < 60 ml/min), current
anticoagulation, steroid use, > 2 leads, fever/leukocytosis at
time of procedure, generator change/upgrade, pacemaker de-
pendence, prior CIED infection, and early pocket reopening
within 2 weeks of initial procedure [5–8].

2.3 Statistical analysis

Continuous variables are presented as mean and standard de-
viation if parametric, and median and interquartile range for
non-parametric data. Categorical variables are presented as
frequency and percentages. Statistical analysis was performed
using chi square test and Fisher’s exact test for categorical
variables. Continuous variables were compared using
Student’s t test, linear regression analysis, and analysis of var-
iance (ANOVA). A p value < 0.05 was considered statistically
significant. STATA 13 statistical software (Statacorp, College
Station, TX, USA) was utilized for analysis.

3 Results

A total of 175 patients were included in this study, 95 treated
with suture closure, and 80 treated with ZIP. Patient charac-
teristics and device type for each group are summarized in
Table 1. Both groups were similar in CIED infection risk
factors and use of an antibiotic envelope. There were a higher
number of dual chamber devices in the ZIP group [50 (62.5%)
vs 45 (47.4%), p = 0.049]. The number of implantable
cardioverter defibrillators (ICDs) was significantly higher in
the suture group [26 (32.5%) vs 62 (65.3%), p < 0.001].

The results of the primary endpoints are summarized in
Table 2. Pocket closure time was significantly shorter in the
ZIP group (14.9 ± 6.8 vs 20.1 ± 11.1 min, p = 0.0003). Total
procedure time was also significantly shorter in the ZIP group
(65 ± 30.4 vs 83.8 ± 40.3 min, p = 0.0008). Use of the antibi-
otic envelope may increase pocket closure time, but this was
similar between groups. Given the imbalance between ICD
and PPM between groups, further analyses on pocket closure
time were performed. For ICDs, pocket closure time was sig-
nificantly shorter in the ZIP group (16.1 ± 7.5 vs 21.7 ±

Table 1 Baseline patient and
procedural characteristics Zip (n = 80) Suture (n = 95) p value

Average age, years 70.7 ± 12.7 65 ± 13.4 < 0.01

Male gender, n (%) 43 (53.8) 42 (44) 0.23

CIED infection risk factors, n (%)

Diabetes mellitus 25 (31.3) 31 (32.6) 0.87

Chronic kidney disease 25 (31.3) 37 (38.9) 0.34

Oral anticoagulation 27 (33.3) 20 (21) 0.06

Steroid use 1(1.3) 4 (4.2) 0.38

Early pocket reentry 0 1 (1) 1

> 2 leads 15 (18.8) 31 (32.6) 0.04

Prior CIED infection 0 0 1

Fever/leukocytosis 4 (5) 11 (11.6) 0.18

PPM dependent 31 (38.8) 42 (44.2) 0.54

Average CIED infection risk factors 2.0 2.2 0.23

Antibiotic envelope use, n (%) 27 (33.8) 40 (42.1) 0.28

Device type, n (%)

Total ICDs 26 (32.5%) 62 (65.3%) < 0.001

Bi-V ICD 14 (17.5) 27 (28.4) 0.11

Bi-V PPM 3 (3.8) 3 (3.2) 1.0

Dual chamber devices 50(62.5) 45(47.4) 0.049

Dual chamber ICD 9 (11.3) 16 (16.8) 0.39

Dual chamber PPM 41 (51.3) 29 (30.5) 0.008

Single chamber devices 13 (16.3) 20(21.1) 0.44

Single chamber ICD 3 (3.8) 19 (20) 0.001

Single chamber PPM 10 (12.5) 1 (1.1) 0.003

New implants 51 (63.8) 58 (61.1) 0.76

Upgrade/generator change 29 (36.3) 37 (38.9) 0.76
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12.1 min, p = 0.037). Similarly, there was also a trend towards
shorter pocket closure times for pacemakers with the ZIP
group (14.2 ± 6.3 vs 17.3 ± 7.9 min, p = 0.051), although
not statistically significant.

Differences in pocket closure times for ICDs and PPM were
compared for each treatment group. In the suture group, ICD
pocket closure time was significantly longer than PPM pocket
closure time (21.68 ± 12.1 vs 17.27 ± 7.9 min, p = 0.038). No
significant difference was observed between ICD and PPM
pocket closure time in the ZIP group (16.11 ± 7.5 vs
14.18 ± 6.3 min, p = 0.24). Interoperator variability was statisti-
cally similar between the suture and ZIP groups (p = 0.056).

Infection results are summarized in Table 3. Total infections
(SSI + pocket) were numerically lower in the ZIP group, but this
was not significant [2 (2.5%) vs 5 (5.6%), p = 0.46]. No pocket
infections occurred in the ZIP group and two pocket infections
occurred in the suture group [0 vs 2 (2.1%), p = 0.50]. The pocket
infections in the suture group included one patient requiring sys-
tem extraction due to a staphylococcal infection. The second
patient had a wound dehiscence requiring repeat procedure.
Average time from implant to infection was 13 days in the ZIP
group and 28.6 days in the suture group. Average follow-up was
significantly longer in the suture group (221.9 days vs 73.8 days,
p < 0.00001), but all infections in the study occurred within
34 days. No other complications were observed relating to pock-
et closure in either group.

4 Discussion

The main findings of this study are a significant decrease in
pocket closure time and procedure time with use of the ZIP

system. Pocket closure time was an average of 5.2 min shorter
with the ZIP system compared to standard sutures. The mean
difference in pocket closure time was 5.6 min for ICDs and
only 3.1 min for PPMs, suggesting that the ZIP device is most
beneficial with longer incisions. Furthermore, pocket closure
time for ICDs was significant longer compared to PPMs in the
suture group. In the ZIP group, there was no statistical differ-
ence in pocket closure time between ICDs and PPMs, sug-
gesting no significant increase in ZIP application time with
longer incisions.

Current standards of pocket closure vary between institu-
tions, but typically involve closure of three layers (fascia, sub-
cutaneous, and subcuticular/intradermal) followed by applica-
tion of a skin barrier such as 2-octyl-cyanoacrylate solution.
Adhesive-based closure devices have been shown to have
shorter procedure times compared to sutures [9, 10]. In a series
of 40 patients, Lalani et al. found the ZIP device had a shorter
overall closure time (78 ± 6.6 s vs 216 s, p < 0.001) as well as
a shorter mean closure time per centimeter compared to stan-
dard sutures (18.0 ± 2.0 s/cm vs 50.1 ± 6.7 s/cm, p < 0.001)
[9]. Additionally, they reported significantly lower
interoperator variability with the ZIP device compared to su-
tures. In our study, both groups displayed significant
interoperator variability for pocket closure time, but this is
likely due to our definition of pocket closure. Our definition
of pocket closure included all layers, rather than only skin
closure time, which Lalani et al. used in their study.
Furthermore, the ZIP device has also been shown to decrease
skin closure time in other surgical procedures including ortho-
pedic and cardiothoracic surgical procedures [10]. The present
study is the largest to date examining the efficacy of the ZIP
device in CIED pocket closures.

Surgical site infections and pocket infections were higher in
the suture group, but this did not reach statistical significance,
in part, due to small sample size. No previous studies have
examined the rates of CIED infections between the ZIP device
and standard sutures. The device has been shown to have sim-
ilar infection rates in other types of procedures [10]. Proper
incision closure is vital for optimal wound healing as insuffi-
cient wound closure and delayed wound closure are known risk
factors for subsequent infections [11]. Commonly used options
for skin closure include subcuticular (or intradermal) absorb-
able suture, adhesive-based products, and staples [12].
Standard sutures and staples hold incisions together at single
points in which the material passes through the incision, which

Table 2 Procedural time results
Zip (n = 80) Suture (n = 95) p value

Total procedure time ± SD, min 65 ± 30.4 83.8 ± 40.3 0.0008

Pocket closure time ± SD, min 14.9 ± 6.8 20.1 ± 11.1 0.0003

ICD pocket closure time ± SD, min 16.1 ± 7.5 21.7 ± 12.1 0.037

PPM pocket closure time ± SD, min 14.2 ± 6.3 17.3 ± 7.9 0.051

Table 3 Infection results

Zip (n = 80) Suture (n = 95) p value

Total infections, n (%) 2 (2.5) 5 (5.6) 0.46

SSI 2 3 1

Pocket 0 2 0.50

Number of extractions 0 1 1

Wound dehiscence 0 1 1

Average time to infection, days 13 28.6

Range time to infection, days 5–21 24–34

Average follow-up, days 73.8 ± 54.8 221.3 ± 122.7 < 0.01
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creates focal points of increasedwound tension. The ZIP device
equally distributes pressure across the wound to minimize
wound tension and ensure complete coaptation. Staples, and
potentially sutures, puncture the dermis leaving tracts for po-
tential infections. Adhesive-based skin closure leaves dermal
layers intact and has been found to decrease SSIs compared to
staples or standard sutures [13, 14].

Scar formation and cosmetic appearance are common com-
plaints after surgical procedures. Tanaka et al. examined used
the Vancouver Scar Scale (VSS) to objectively compare scar
appearance between the ZIP device and sutures in 214
sternotomy patients. The VSS, first described in 1990, is the
most frequently used scoring system to evaluate the cosmetic
appearance of surgical scars, with lower values representing
more normal skin [15–18]. Among patients undergoing a first
operation, Tanaka et al. reported a significantly lower VSS
score in each of the four categories in the ZIP compared to
sutures [10]. In another study, Lalani et al. used patient sur-
veys to assess cosmetic appearance of scar following CIED
procedures with the ZIP device. They reported no statistical
difference in subjective scar appearance between the device
and standard sutures [9].

The cost of the ZIP device has been reported to range from
$60–85 [9, 10]. Although this is higher than the cost of su-
tures, there may be potential cost saving with the ZIP system
[9]. In addition to replacing the subcuticular suture, the ZIP
system also replaces the 2-octyl-cyanoacrylate solution, which
decreases the cost difference. The cost of 2-octyl-
cyanoacrylate solution ranges from $20–27.27 per vial [[19]
with an additional $5–6 for a Vicryl suture. A cost effective-
ness analysis should be performed to assess whether the time
saved during pocket closure translates into higher procedure
volumes.

4.1 Study limitations

The results of this study should be interpreted in light of sev-
eral methodological limitations. First, this is a retrospective
cohort study. Additionally, although this is the largest known
study comparing the ZIP device with sutures in CIED proce-
dures, the study was underpowered for a CIED infection anal-
ysis. Follow-up was also significantly different between the
groups. Furthermore, subcutaneous ICDs were excluded from
the study due to low implant volume at the time of the study.

5 Conclusion

In this proof of concept pilot study, the ZIP noninvasive sur-
gical skin closure device significantly shortened pocket clo-
sure and procedure times compared to standard sutures with-
out increasing the rate of CIED infections.
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