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Background: Although Epicutaneo cava catheters (ECCs) are being routinely used
for intravenous access for long-term parenteral nutrition and prolonged medication
administration in neonates, ECC use can be associated with rare but acute
life-threatening events such as pleural effusion (PE). It is important to identify and
maintain the ECC tip in a central location for preventing complications. Recently,
intracavitary electrocardiogram (IC-ECG) has been developed for the real-time monitoring
and verification of ECC tip position.

Objective: To investigate the causes and preventive measures of ECC-related PE
in neonates.

Methods: This prospective cohort study was conducted between January 2013 and
December 2017. We observed and analyzed the clinical characteristics and causes of
ECC-related PE. From January to December 2017, all ECCs were guided by IC-ECG.
The incidence of ECC-related PE and first-attempt success rates were analyzed before
and after the introduction of IC-ECG. Additionally, the sensitivity and specificity of IC-ECG
were evaluated.

Results: ECC-related PE was identified in 14 infants. Catheters were malpositioned in
three cases; in the other 11 cases, catheters were located centrally on insertion but had
migrated to non-central locations at the time of PE. After the introduction of IC-ECG,
the incidence of PE was zero (P < 0.05). The incidence of ECC-related PE was lower
when veins of the lower extremities were selected as the insertion site (P < 0.05). The
first-attempt success rate was significantly higher in the group with IC-ECG-guided ECC
placement than in the group without (P < 0.05). The sensitivity and specificity of IC-ECG
were 97.9 and 84.6%, respectively.

Conclusion: ECC-related PE can be associated with either primary malposition
or migration of the catheter tip. IC-ECG can help detect malposition and migration
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of catheter tips and improve the first-attempt success rate. Choosing a lower extremity
insertion site may help decrease the rate of ECC-related PE. In neonates, IC-ECG is a
reliable positioning method for ECCs with superior sensitivity and specificity.

Keywords: neonate,
electrocardiogram

INTRODUCTION

Epicutaneo cava catheters (ECCs) are essential in neonatal
intensive care units (NICUs), especially for the delivery of
parenteral nutrition (PN). Extravasation of PN into the pleural
space can cause serious pleural effusion (PE). ECC-related PE
can cause acute respiratory distress and may be life-threatening
without timely diagnosis and adequate interventions (1-5). Early
identification and correct treatment are necessary to improve the
prognosis of this devastating complication.

Previous studies have identified non-central ECC tip position
as the main reason for ECC-related PE in neonates (1-6), but
reports from China are rare. It is well-known that the ECC
tip position is dynamic with arm movements in neonates (7).
Monitoring the migration and malposition of ECCs is especially
important to prevent catheter complications. Sertic et al. showed
that routine radiographs were helpful for early recognition and
treatment (5). Blackwood et al. recommended a low threshold for
chest X-rays in neonates with even mild respiratory symptoms
and transfused PN via upper extremity ECCs (2). Bashir et al.
found that a large proportion of ECC-related PE occurred at
>1 week after insertion, and they concluded that serial follow-
up X-rays beginning 1 week after insertion would help to detect
and identify this potentially serious adverse event (1). Given
the concerns regarding excessive radiation exposure in neonates,
Pezzati et al. encouraged intracavitary electrocardiogram (IC-
ECG) for ECC placement monitoring (8). Recently, IC-ECG
has been widely used in ECC placement. However, there
are no published studies which have observed and evaluated
ECC-related PE before and after the introduction of IC-ECG
in neonates.

With the aim of identifying a potential strategy for decreasing
ECC-related PE, IC-ECG-guided ECC tip localization was
adopted at our institution. We evaluated the incidence of PE
due to the extravasation of PN via ECCs in neonates before
and after the implementation of IC-ECG and summarized the
characteristics and causes of ECC-related PE.

MATERIALS AND METHODS
Subjects

This prospective cohort study was conducted between January
2013 and December 2017 and included two observation periods,
with data analysis completed in September 2019. In the first
period (Non-IC-ECG-guided group), we prospectively observed
and analyzed the clinical characteristics and causes of ECC-
related PE in neonates who underwent treatment in the Level
III NICU in Shengjing Hospital of China Medical University
from January 2013 through December 2016 (Figure 1). Central

Epicutaneo cava catheter,

pleural effusion, parenteral nutrition, intracavitary

positioning was defined as an upper extremity ECC tip in the
superior vena cava (SVC) at T5-T7 or a lower extremity ECC tip
in the inferior vena cava (IVC) at T9-T10. All catheters (UNI-
ECC [1.9F, single cavity, and polyurethane]; Haolang Technology
[Foshan] Co., Ltd) were inserted at bedside by certified ECC
nurses, according to the ECC insertion protocol, using direct
vein visualization.

In the second period (IC-ECG-guided group), we
prospectively observed and summarized the incidence of
PE in neonates who received ECC lines from January to
December 2017. All ECCs were guided by IC-ECG using a
bedside monitor COMEN C100B (Shenzhen Comen Medical
Instruments Co., Ltd, Shenzhen, China). In addition, we also
analyzed the first-attempt success rate before and after the
introduction of IC-ECG as well as the sensitivity and specificity
of IC-ECG guidance for ECC placement in neonates. The
definitions for central positioning were the same as those used in
the first period.

The study was approved by the Ethics Committee of Shengjing
Hospital of China Medical University (approval number:
2017PS092K). IC-ECG is a non-invasive examination technique
that can be performed at bedside with an electrocardiogram
monitor. This study did not require patients to undergo
additional tests, had no effect on the routine diagnosis and
treatment of patients, and fully protected the patients’ privacy.
Informed consent was not required for this study according to
national legislation and institutional requirements.

ECC Placement and IC-ECG Guidelines

Traditional ECC operation steps included a measurement of
the catheter length based on a surface landmark, sterilization,
puncture, catheterization, fixation, and postprocedural chest X-
ray examination. In the IC-ECG group, prior to ECC insertion,
patients were positioned in the supine position for a baseline
surface lead-II ECG recording. When the catheter was advanced
to the expected length, surface ECG was switched to intracavitary
ECG (Figure 2) to detect dynamic changes in the P-wave with the
bedside ECG monitor. The P-wave increased in magnitude as the
catheter entered the SVC, reaching a maximal peak when the tip
reached the correct placement at the cavo-atrial junction (CAJ;
Figure 3). If the catheter was correctly placed in the IVC, the
QRS waves increased in amplitude with the catheter approaching
the heart (9) (Figure 4). Once correct placement was determined,
the catheter was fastened, and a postprocedural chest X-ray was
obtained to verify the ECC tip position as soon as possible.

In our study, most patients were preterm infants; thus, to limit
X-ray exposure of neonates, in the first period of the study, we did
not monitor the catheter tip locations by routine chest X-rays,
but when patients developed even mild respiratory symptoms,
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Qualification assessment of 1390 neonates (1414 PICCs)

»| 1108 neonates (1123 PICCs) with no

v

catheter-related complications

282 cases (291 PICCs) are eligible to continue assessment

266 neonates (275 PICCs) with no

respiratory signs and symptoms

16 cases (16 PICCs) are eligible to continue assessment

2 neonates (2 PICCs) with dyspnea

A

due to subcutaneous chest wall edema

14 cases (14 PICCs) are eligible to continue assessment

A 4

A 4

Non-catheter-related

Catheter related

\4

2 cases (2 PICCs) originally considered
chylothorax but later determined to be
PE and included in analysis

12 cases (12 PICCs) included in analysis

FIGURE 1 | Case inclusion flowchart.

we immediately performed bedside chest X-rays. In the second
period of the study, we implemented routine weekly IC-ECG to
monitor the migration of ECCs. Once a non-central position was
detected by IC-ECG, a chest X-ray was needed for verification,
and we adopted a proactive approach to remove the catheter or
correct its malposition rather than wait for the infants to develop
ECC-related PE.

Statistical Analysis

Data analysis was performed with SPSS version 21.0 (IBM
Corporation, Armonk, New York). Measurement data are
expressed as means + standard deviations, whereas count data
are described as percentages. Between-group comparisons were
completed using two-sided t-tests and x2 tests for quantitative

and qualitative variables, respectively. A P < 0.05 was considered
statistically significant.

RESULTS

During the first study period, 1,390 neonates received 1,414
ECCs, 395 of which were inserted via the lower extremities,
accounting for a total of 23,203 catheter days. ECC-related PE
was identified in 14 neonates (Table 1), with an incidence of 0.6
per 1,000 catheter days (1.0% of ECCs). PE samples from 10
neonates were sent for laboratory testing (Table 2). Catheter tips
were in primary malposition in three cases. In the remaining
11 cases, catheter tips were centrally located at the time of
insertion but had migrated to non-central positions at the time
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FIGURE 2 | Intracavitary electrocardiogram (IC-ECG)-related products include a catheter heparin cap, scalp needle, and ECG electrode lead clip. The scalp needle
(size 7) is inserted into the catheter heparin cap, leaving half of the needle outside the heparin cap. The upper left electrode is connected to the external end of the
scalp needle with the ECG electrode lead clip. A column of saline in the catheter is used as an intracavitary electrode.

FIGURE 3 | P-wave progression is seen as the catheter tip reaches the cavo-atrial junction (CAJ).

of PE detection. All 14 patients eventually recovered and were  characteristics between IC-ECG-guided group and Non-IC-
discharged. The first-attempt success rate was 85.0%. ECG-guided group were not statistically significant (P > 0.05;

In the second period of the study, IC-ECG was routinely =~ Table 3). The incidence of ECC-related PE was zero (P < 0.05).
used for ECC guidance in all 595 neonates. Demographic  The first-attempt success rate was 97.8%, significantly higher than
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should be retracted.

FIGURE 4 | When the catheter reaches the inferior vena cava (IVC), the QRS waves continually increase in amplitude with the catheter approaching the heart.
Meanwhile, the appearance of an upright P-wave indicates that the Epicutaneo cava catheter tip has reached the level of the right atrium; in this case, the catheter

that in the first period (P < 0.05). The incidence of ECC-related
PE was lower when veins of the lower extremities were selected
as the insertion site (P < 0.05; Table 4). When chest X-ray was
used as the standard method for determining ECC tip location,
the sensitivity and specificity of IC-ECG were 97.9 and 84.6%,
respectively, with a false negative rate of 2.1% and a false positive
rate of 15.4%. The crude agreement rate was 97.7% (Table 5).

DISCUSSION

As ECCs are more stable than short peripheral cannulae, they
are increasingly being used in NICUs in China to reduce the
risk of extravasation injury from hyperosmolar PN solutions
and medications. However, they can occasionally cause deadly
extravasations, such as PE (1, 5, 10). Placing the catheter tips as
close to the right atrium as possible and ensuring that they remain
there are very important, because the wall of the vena cava is
much thicker there and will be less likely to erode, in addition,
this position provides increased volume and turbulence to help
dilute the hyperosmolar fluid, which seems to be a factor in ECC-
related PE (2). Failure to achieve or maintain optimal catheter
tip placement may result in PE, which can result in death if it
is associated with sudden clinical deterioration or if the cause
of PE cannot be rapidly identified. In our cases, ECC-related
PE was originally misdiagnosed as chylothorax in two patients
(A, B). Both patients had recurrent PE due to PN infusion via
ECCs, and chest tube insertions were needed until the ECCs were
removed. The pleura is one of the most common sites of PN
extravasation (1). The presence of high levels of glucose and low
cell counts in the drained fluid suggests ECC-related PE (11, 12).

An accurate diagnosis is the cornerstone of effective treatment
planning and therapy.

To avoid catheter-related complications and achieve
maximum benefits from ECCs, the catheter tip should be
centrally located (6, 13). In our study, locations of an upper
extremity ECC tip in the SVC at T5-T7 and a lower extremity
ECC tip in the IVC at T9-T10 were defined as the central
positions. Based on the findings of our serial cases and published
reports, the root cause of ECC-related PE was non-central
position of the catheter tip, including a primary or secondary
malposition (tip migration). Only three cases (patients C, E,
and N) involved primary malposition (Figures5-7). In the
remaining 11 cases, the catheters were centrally located at
insertion, but at the time of PE, they had migrated to the
subclavian vein (patients B, E H, J, L, and M), brachiocephalic
vein (patients A, G, I, and K), or upper SVC (patient D). More
than half of the migrations (6/11) were to the subclavian vein.
Jain et al. suggested that the use of ECCs with the tip in the
subclavian vein should be discouraged in neonates because
of the higher rate of infiltration (14). It is important to limit
ECC movement after placement and to maintain its central
tip position.

In reports of ECC-related PE, most catheters were inserted
from an upper extremity vein (1-4, 6, 13, 15) but few were
inserted from a lower extremity vein. Kua et al. reported a case
of ECC-related PE, in which the catheter was inserted from a
lower extremity vein and located in the right iliac vein before
migration to one of the tributaries of the azygous vein (12). The
azygous vein is a low-flow system, that is at an increased risk of
erosion, especially when hyperosmolar fluid is administered, such
as in PN. This leads to hyperosmotic endothelial damage and
increased vascular permeability, which may result in ECC-related
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TABLE 1 | Characteristics of neonates in the NICU who developed ECC-related PE.

Characteristics Patient

A B C D E F G H 1 J K L M N
Sex Male Male Male Male Female Male Male Male Female Male Male Male Male Male
Delivery Mode CS ND ND ND CS CSs ND CS CS ND ND CS ND CS
GA, weeks 33+6/7 25+6/7  36+2/7 28 304-5/7 29+5/7 29+6/7 31+1/7 32 284-6/7 284-6/7 274-3/7 27 28
BW, g 1,620 818 2,700 1,098 1,560 963 1,211 1,333 1,405 987 1,166 900 1,143 1,189
Age at ECC 2 3 2 2 10 3 1 2 1 2 2 5 2 4
insertion, days
Site of insertion Upper limb  Upperlimb  Scalp  Upper limb EJV Upper limb Scalp Upper limb  Upper limb  Upper limb  Upper limb Upper limb Upper imb  Lower limb
Location of the T3 T2-T3 ™ T4 T10 ™ T4 T2-T3 T3-T4 T2-T3 T3 T1-T2 T2-T3 T10
ECC tip at PE
Interval between 3 37 " 8 1 16 28 5 4 14 8 2 18 7
ECC insertion and
PE, days
Presenting Apnea, Apnea, VS Apnea Apnea, Apnea, Apnea, Apnea, IOR, ARD, NV Apnea, ARD,  Apnea, VS Tachypnea VS
symptoms ARD, NV ARD, NV IOR, NV IOR ARD, NV ARD, NV ARD, NV NV ARD, NV ARD, NV
and therapy
PE interventions TOP, CTI TOR, CTI  TOR T TOR T Withdraw TOR T TOR, T TOR, T TOR, T TOR T TOR, T Withdraw ECC TOR T TOP

ECC2cm 25cm, T

Days to effusion 9 10 3 1 1 1 3 1 1 1 1 1 2 1
disappearance

ARD, acute respiratory distress; BW, birth weight; CS, cesarean section; CTI, chest tube insertion; ECC, Epicutaneo cava catheters; EJV, external jugular vein; GA, gestational age; IVS, increasing ventilator settings; IOR, increased
oxygen requirement; ND, natural delivery; NV, needing ventilation; PE, pleural effusion; TOF, taking out ECC; T, thoracentesis.
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TABLE 2 | Details of pleural effusion in patients who underwent laboratory testing.

Pleural effusion Patient

A B C D F G H 1 K L
Location Bilateral Bilateral Bilateral Bilateral Right Right Bilateral Bilateral Bilateral Right
Depth, cm Right: 3.5;  Right: 3.2;  Right: 3.1;  Right: 2.6; 2.7 3.6 Right, 2.1;  Right, 3.2;  Right, 2.3; 1.8

Left: 2.5 Left: 0.7 Left: 3.2 Left: 0.8 Left, 0.6 Left, 1.7 Left, 2.4
Color Milky yellow — Milky white  Milky white  Milky white  Milky yellow — Milky white  Milky white ~ Milky yellow  Milky white ~ Milky white
Total protein, g/L 28.1 49.0 126.4 54.7 28.9 37.9 48.9 46.7 - 29.1
Glucose, mmol/L 49.1 38.6 74 13.9 29.3 43.3 4.6 7.0 - 25.4
White blood cell count, /L 50 374 100 65 8 175 157 204 175 104
Lymphocyte percentage, % 30 22 54 66 28 53 36 53 5 40
TABLE 3 | Comparison of baseline demographics between the two groups.
IC-ECG-guided Non-IC-ECG-guided X2 P
n =595 N = 1,390

Sex, n (%) 3.299 0.069
Male 254 (42.7) 735 (52.9)
Female 341 (57.3) 655 (47.1)
Gestational age, weeks 30.94 £+ 2.71 30.97 £ 2.80 0.285 0.776
Birth weight, g 1358.81 + 581.76 1375.42 + 632.38 0.549 0.583
Primary diagnosis on admission, n (%) 3.297 0.192
Prematurity <37 weeks, n (%) 539 (90.6) 1220 (87.8)
Medical 18 (3.0) 53 (3.8)
Surgical 38 (6.4) 117 (8.4)

IC-ECG, intracavitary electrocardiogram.

PE (15). Based on this, we speculated that patient N’s catheter had
initially been located in one of the tributaries of the azygous vein
rather than in the IVC, which was indistinguishable on plain X-
ray. In summary, a non-central tip position was more likely to
result in complications and non-selective ECC removal (6, 13).
Limb movement, neck position, forceful flushing, and
neonatal growth during insertion and the dwell period may
change the tip position of a peripherally inserted central catheter
(PICC) line (3, 5). Despite best efforts, catheter tips may not start
or stay in a central location. It is crucial to monitor the position of
the ECC tip with a safe, accurate, easy, and inexpensive method,
such as IC-ECG or echocardiography, to avoid malpositioning.
In this study, most patients were preterm infants; thus, serial
chest X-rays were not recommended to limit the X-ray exposure
of neonates (8). Recently, IC-ECG-guided tip positioning has
been widely used for real-time monitoring and verification of
ECC tip placement via the upper extremities (9, 16-26), but
there are only a few published studies on IC-ECG with ECCs
inserted from the lower extremities in neonates (9). The latest
multicenter study and meta-analysis both showed that IC-ECG
had a more favorable positioning accuracy than the traditional
X-ray method for PICC placement in adult patients (27, 28).
Weber et al. also reported that IC-ECG could be used to confirm
proper PICC tip repositioning, thereby reducing the need for
serial radiographs (29). Repeated post-procedural monitoring of
tip position by radiology is unsafe and expensive, while repeated

post-procedural monitoring of tip position by IC-ECG is safe but
less accurate than echocardiography. Some previous studies have
regarded real-time ultrasound as the most accurate method (30,
31), but ultrasound equipment is not as widely used as bedside
ECG monitor; furthermore, there is no bedside echocardiogram
available in our NICU. Additionally, the use of ultrasound for tip
location requires training. IC-ECG is easier in terms of operation
and interpretation as it can usually be performed by a certified
ECC nurse alone; thus, it is more commonly used in clinical
settings in China.

After the application of IC-ECG-guided ECC tip localization,
the incidence of PE decreased from 1.0 to 0% (P < 0.05). The
first-attempt success rates before and after IC-ECG were 85.0 and
97.8%, respectively (P < 0.05). IC-ECG can help to improve the
first-attempt success rate, avoid repeated adjustment, and save
time. IC-ECG had a high sensitivity and specificity (97.9 and
84.6%, respectively), and was helpful in clinical practice. Overall,
IC-ECG is a safe, accurate, efficient, cost-effective, easy to use, and
replicable way of correctly confirming ECC tip position (19, 20,
25, 26). There was a significant difference in the catheterization
site before and after implementation of IC-ECG (P < 0.05). After
the implementation of IC-ECG, lower extremity insertion sites
were more frequently chosen, which may have contributed to
the decreased PE rate (1, 5, 6, 12). This shift occurred due to
changes in cognition and experience. In the initial training, staff
were advised that the upper extremity veins were preferred for
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TABLE 4 | Comparison of the insertion site, first-attempt success rate, and rate of PE between the groups.

IC-ECG-guided n Non-IC-ECG-guided /%2 P
=595 n=1,414
Site: lower limb, n (%) 346 (58.2) 395 (27.9) 164.245 0.000
First-attempt success rate, n (%) 582 (97.8) 1202 (85.0) 69.077 0.000
Rate of PE, n (%) 0(0) 14 (1.0) 5.932 0.015
Age at ECC insertion, days 6.56 + 12.45 6.04 + 11.59 —0.898 0.369
ECC dwell time, days 16.73 £ 6.50 16.41 £ 6.88 —-0.973 0.331

ECC, Epicutaneo cava catheters; IC-ECG, intracavitary electrocardiogram, PE, pleural effusion.

TABLE 5 | The sensitivity and specificity of intracavitary electrocardiogram.

IC-ECG Chest X-ray Sum

+ n (%) -n (%)
+ 570 (95.8) 2 (0.3 572 (96.1)
- 12 (2.0) 11(1.9 23 (3.9)
Sum 582 (97.8) 13(2.2) 595 (100)

(+) indicates the detection of correct positioning and (-) indicates the detection of
incorrect positioning.
IC-ECG, intracavitary electrocardiogram.

FIGURE 5 | Patient C was transferred from a local hospital because of acute
respiratory distress. Continuous parenteral nutrition infusion via a non-central
Epicutaneo cava catheter (ECC) resulted in PE, with the chest X-ray showing
bilateral “white lung”.

ECC insertion while the lower extremity veins should be avoided
as much as possible. However, in long-term clinical practice,
certified ECC nurses gradually found that ECC placement was
smoother when done through the lower extremity veins, with a
lower incidence of ECC-related PE.

In this study, all catheters were made of polyurethane. Yu et al.
reported that polyurethane catheters were stiffer and less flexible,
and thus could more easily damage the vascular wall when placed
in the upper extremity veins due to the curve of the aortic arch;

FIGURE 6 | Patient E underwent uneventful Epicutaneo cava catheter (ECC)
insertion, but several hours after ECC infusion, the routine postoperative chest
X-ray showed that the tip was too deep.

therefore, they recommended choosing lower extremity veins
(e.g., the saphenous approach) to avoid the aortic curve (12).
Srinivasan et al. reported that upper limb ECCs had the highest
rate of migration 24h post-insertion compared to lower limb
ECCs which showed no migration (32). When feasible, the use
of a lower extremity site could help avoid ECC-related PE (2).
The IVC is straighter, less branched, and has fewer influencing
variables, and the accuracy of IC-ECG guidance is higher in the
lower extremities than in the upper extremities (26). However,
more large-scale, prospective, randomized studies are required
to evaluate the incidence of PE in neonates with upper vs. lower
extremity insertion sites.

LIMITATION

There are some limitations in our study. Firstly, we used
radiology as the standard method for assessing the ECC tip
position. It would have been more appropriate to compare IC-
ECG to echocardiography. Secondly, the choice of ECC site was
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FIGURE 7 | In patient N, the catheter was inserted in the great saphenous
vein, and chest X-ray shows that it had reflexed. After correction, it was
located at T10, and X-ray revealed pleural effusion (PE) 7 days later.

not random, especially in the second period of the study, when
lower limbs were more frequently chosen as the insertion sites.
Thirdly, this was not a concurrent controlled trial but a longer
historical controlled study, and the evaluation periods were not
equal (4 years vs. 1 year). Finally, this study was a single center
study with a relatively small sample size, and further multicenter
and large-scale studies are needed.

CONCLUSION

High-osmolarity PN administered via ECC can cause PE. ECC-
related PE is a rare but devastating complication that can occur
at any time after insertion due to primary malpositioning or
migration of a central catheter tip to a non-central location;
furthermore, ECC-related PE should be differentiated from
chylothorax. It is crucial to monitor ECC tip position in the
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