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Abstract
Background
Central venous catheter (CVC) is used for measuring hemodynamic variables, transfusion of blood,
fluids and medications when peripheral vascular lack sufficiency. Unfortunately CVC is associated
with many complications ranging from anxiety and discomfort for the patient to severe mechanical
side effects such as arterial lacerations, pleural and pericardial injury as well as infection and
thrombosis. This study aimed to survey of a practical approach to central venous catheterization in
pediatric patients.
Materials and Methods
In this retrospective and descriptive study, rate of success and complications of central venous
catheterization by the anesthesia team for the hospitalized children 0-15 years from 2009 to 2016
years at Mofid Children Hospital, Tehran-Iran, were investigated. Advancement of catheters tips in
pleural space; peritoneal cavity and pericardium were recognized by rat tail blood flow as a practical
approach which was proved by chest X- ray. Successful rate and complications of inserting CVC
were collected by researchers using medical records of the patients.
Results
There were 2,385 (53%) female and 2,115 (47%) male patients. Patient’s age ranged from 1 month to
10 years, mean 12.25±6.45 months. About 4,500 patients who underwent central venous
catheterization were investigated that 815 patients (18%) had improper catheterization in the internal
jugular and 374 patients (8%) had accidental arterial injury and 160 patients (3%) had accidental
pleural injury. Accidental pleural injury were recognized by rat tail blood flow in the liquid column
connected to the catheter to the patient's bedside and all of them was proven by taking control image.
Conclusion
Using rat tail blood flow as a practical approach to central venous catheterization in pediatric patients
can be associated with prevention of the plural injury and subsequent pneumothorax and hemothorax.
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1- INTRODUCTION
Inserting a central venous catheter in
surgical patients admitted to the intensive
care unit (ICU) takes place frequently (1).
In the United States of America, for
example, approximately five million
central venous catheters are inserted
annually, which include 8% of hospitalized
patients (2). Catheterization is utilized for
such cases as fluid therapy, lack of
adequate access to peripheral vascular,
administration of vasoactive drugs and the
need to hypertonic fluids such as total
parenteral nutrition (TPN), chemotherapy
and concentrated electrolyte liquid such as
potassium and cases like hemodialysis or
measuring variables such as central venous
pressure or repeated blood sampling (3).
There is no absolute contraindication for
the use of this device, except for such
relative cases as infection or clotting
problems, which can be done regarding
numerous places available to central
venous (3).
Catheter site selection depends on various
factors such as experience and skill of the
operator or the patient's anatomy and
hazards such as coagulation disorders, lung
problems and other comorbid conditions
(4). However, the highest success and the
lowest risk of mechanical complication
rely on the experience and skill of the
catheter operator (5). Typical veins for the
insertion of central venous catheter
include: internal and external jugular vein,
subclavian and femoral vein. The right
place for the catheter tip in the veins of the
lower body are in the inferior vena cava
and for the upper torso, are in the superior
vena above the right atrium are used (6).
To confirm the suitability of the catheter
tip, X-rays, ultrasound, fluoroscopy or
transesophageal
echocardiography in
particular for intraoperative cases are used
(6). Common complication of central
venous catheterization is infection and
thrombosis. Less common but serious side
effect is mechanical damage that usually
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occurs during catheterization (7). The
experience and skill of the operator,
selecting the right area, sterility and the
use of ultrasound are highly effective in
reducing complications (2). Some of these
effects could be noted as misplaced
insertion in the arteries, pleura,
pericardium, sustainable hemorrhage,
pneumothorax, chylothorax, hemothorax,
pleural effusion, pericardial effusion and
cardiac tamponade, pulmonary embolism
and trachea damage (8, 9). In the event of
damage to the thoracic duct, there is
chance of chylothorax that is possible in
the approach to the subclavian vein (10,
11). Mind’s eye visualization of proper
placement location not only increases the
safety of the procedure but also enhances
the operator’s ability to troubleshoot
difficult catheterization (12). Furthermore,
several case reports recommended a
practical approach to CVC insertion to
prevention of complication, which do not
provide pragmatic guidance or solutions to
the problem (13). Therefore there is not a
reliable method to diagnosis of the
improper catheterization during procedure.
This study aimed to survey of a practical
approach to central venous catheterization
in pediatric patients.
2- MATERIALS AND METHODS
2-1. Study design and population
In this retrospective and descriptive study,
rate of success and complications of
central venous catheterization by the
anesthesia team for the hospitalized
children 0-15 years from 2009 to 2016
years at Mofid Children Hospital, TehranIran, were investigated.
2-2. Methods
The same team of anesthesiologist was
responsible for all the cases in our study,
and all CVC insertion and investigations
about CVC complications and successful
placement was done by this team.
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Method of work was so that after entering
the child into the operating room
anesthetic induction was done with
sevoflurane in a way that preserved
spontaneous breathing. Full monitoring of
Pulse oximetry, heart monitor, blood
pressure and capnography was established
and the specific catheter kit was selected in
sterile conditions including wearing mask,
cap, sterile gown and gloves after washing
hands for 3-5 minutes and disinfection and
then the sets for central venous catheter
insertion opened.
The patient lied in the Trendelenburg
position at an angle of 10-15 degrees, head
was turned to the opposite side and
shoulder roll was placed. The operator
stands beside the location of the
catheterization, the catheter along with the
front part was completely disinfected and
large sterile drape was spread in place.
Using infraclavicular approach right on the
midclavicular or slightly lateral to it at an
angle of 0-5 degrees to the sternal notch,
the syringe and needle enter in aspiration
mode. When the vein was punctured and
blood was aspirated, the syringe was
isolated and in the absence of pulsatile
blood flow, the needle was kept
completely fixed by hand. The other
partner enters guidewire through the
needle without the slightest pressure and
resistance. If there was resistance to the
guidewire, it was pulled out and the
operation was repeated. If the vein was not
punctured, the needle was pulled back
under the skin and slightly advances more
cephalad to the sternal notch and operation
was repeated. After passing the guidewire,
the needle was pulled out, a small incision
was created in the area and using dilators
the area was dilated as tract on a rotating
basis. If arterial line catheters were used,
there was no need for dilators (8). Catheter
was inserted over the guidewire and by
estimating the distance to the right atrium,
the catheter is pushed forward and the
guidewire was removed.
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By aspirating blood, air inside the catheter
was depleted and the liquid was injected
by syringe and the catheter was closed and
fixed with suture. Anesthesia team
connected the liquid column to the catheter
and set the liquid source a little above the
surface of the body, and by lack of
increasing blood flow and lack of pulsed
blood flow in the catheter they ensure that
the catheter is not in the artery. Obviously,
if the patient is severely ill and has
underlying disease leading to hypotension
(e.g. shock) even if the liquid source was
at a higher level of the body, it was
possible that the increasing blood flow was
not observed due to overcome of the
pressure of the liquid column to the
patient's blood pressure, and this shall be
noted. By lowering the source beneath the
surface of the body and the existence of
decreasing blood flow as rat tail
(Figure.1), the lack of catheter in the
pleura and pericardia was ensured and
after the establishment of the necessary
conditions for discharge from the
operation room the chest X-ray was
performed for reassurance from the
appropriate insertion of the catheter and
the administration of fluids and drugs from
the catheter was permitted.
2-3. Measuring tools
Demographic data and complications and
rate of success of CVC insertion were
collected by researchers from hospital
archive department using medical records
of the patients.
2-4. Ethical consideration
The study was reviewed and approved by
the university review board and hospital
ethics committee.
2-5. Data Analyses
Data analysis was done by SPSS version
22.0 software and through descriptive
statistic.
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Fig1: Positive rat tail sign. It means that the tip of catheter is in the vessel.

3- RESULTS
This study aimed to survey of a
practical approach to central venous
catheterization in pediatric patients
referred to Mofid Hospital, Tehran, Iran.
In present study, 4,500 patients were
investigated that all of them included into
the study. There were 2,385 (53%) female
and 2,115 (47%) male patients. Patient’s
age ranged from 1 month to 10 years,
mean 12.25±6.45 months. A
mong them, 815 patients (18%) were
reported with improper placement of the
catheter in the internal jugular and the
cases were proven using the chest X-ray.
In 374 patients (8%) accidental artery
injury occurred of which 300 (80.2 %)
cases were proven by observing a bright
and pulsating blood flow at the time of
injury and 70 (18.7%) cases were proved
by rising blood column in the catheter
connected to a liquid source from body
level after catheterization and only in 4
(1.1%) cases _ all of which were in septic
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shock after capturing a chest X-raycatheter insertion to the heart's left side
were found. In 160 patients (3%) the
accidental pleural injury occurred that in
150 cases by aspirating air bubble due to
suspicion to pleural damage, the catheter
was immediately changed and in 10 cases
despite aspirated blood and blood flow in
the catheter connected to a liquid source,
no rat tail blood flow was observed and in
all cases blood columns were completely
observed separated from the liquid column
with clear boundary (Figure.2).
For the cases that were suspected to
pleural damage, chest X-ray was
performed and in all cases the pleural
damage and the insertion of catheters in
pleura was proved. In the other hand, rat
tail blood flow was observed in all cases
that CVC insertion was successful and also
in cases that catheter inserted in plural
cavity, rat tail was not observed.
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Fig.2: Negative rat tail sign. It means that the tip of catheter is not in the vessel and is on other place
such as plural and pericardium.

4- DISCUSSION
Subclavian catheterization in children
has been well described in various articles
and they are beneficial. With regard to
fixed anatomical location, it is easy to
maintain them and the children feel more
comfortable;
and
considering
the
movement of children, the possibility of
changing and moving the catheter tip is
less (10). The traditional method for
subclavian catheterization is blind and
observing it with ultrasound is difficult.
The key to success in the blind method is
knowledge of the anatomic relationship
between the clavicle and subclavian vein
(10).When the shoulder is in neutral
position, subclavian vein in the middle
third of clavicle overlaps with it (14).
Finck et al. studied 110 cases of subclavian
catheterization in children under one year.
There
were
78.8%
successful
catheterizations in children under 6 months
and 96% successful cases in children over
6 months. The authors did not mention any
side effects. Based on the experience and
skills and anatomical position, they
recommended that the primary action shall
be the left subclavian catheters and if they
fail, the next step is right internal jugular
vein (11). Citak et al. also inserted 148
subclavian catheters for children between
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1 month to 14 years in the intensive care
unit (ICU) and emergency room (ER) and
100% of the cases were successful. (15).
Eichelberger et al. performed 191 cases of
catheterizations in infants to 20 month
children without any mechanical problems
(16). The chance of subclavian catheter
infection in the studies have been clearly
lower than femoral catheterizations (16),
and in other studies subclavian catheter
infection has been reported less than the
internal jugular catheterizations (17). The
chance of thrombosis in the subclavian
catheter compared with femoral catheters
has been reported 1.9 % and 21.5%,
respectively (18). In addition, in an
observational study, the chance of
thrombosis of the internal jugular vein has
been reported 4 times more than the
subclavian vein (19). However, Sheridan
and Weber in a retrospective study on
1,056 children aged 4-6 years hospitalized
in children’s burns ward, reported 23%
thrombosis of the subclavian vein, 11%
internal jugular vein and 66% femoral vein
(20). The chance of injury to the arteries in
the classical and blind method for
subclavian approach is reported 14% (21).
Citak et al. have mentioned the chance of
arterial injury 12.8% (15). In patients with
normal blood pressure and appropriate
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blood oxygen concentration diagnosis of
arterial puncher and access is possible by
observing the pulsatile and increasing
blood column and bright color of the
blood. In patients with low blood pressure,
it can be difficult to diagnose the
differentiation of venous and arterial blood
but it is possible by connecting the catheter
to a pressure transducer and observing the
resulting wave measurements. Moreover,
with a catheter blood sampling and
comparing it with arterial blood sample,
the observation of the difference in oxygen
concentration of the blood samples can
also help to select the appropriate area for
the catheter (2). Breathing spontaneously
causes Intrathoracic negative pressure
inside the chest during the inhalation and if
the catheter is left open in the room,
pulling a little air into the catheter can
cause air embolism. Even a small amount
of air can be fatal; especially if the patient
has atrial or ventricular wall defects. For
this reason the patient should be in
Trendelenburg position at the time of
central venous catheterization and the
catheter air shall be drained and washed
and the catheter hub shall always remain
closed (2). Pleural injury and subsequent
pneumothorax
and
hemothorax
in
subclavian approach have been reported
6% (21). In the case of in adverted
insertion of catheters in pleural space,
peritoneal cavity and pericardium, blood
could be aspirated with low pressure and
slowly. The blood oxygen concentration is
similar to systemic circulation if associated
with a pneumothorax but the difference is
lack of coagulation (6). Anesthesia teem at
Mofid Children Hospital benefitted of this
property for visualization of blood flow
tapering and tiny blood as rat tail return to
fluid tube when the bottle is placed below
the patient level for correct subclavian
intravenous catheter placement. In pleural
space or other places than subclavian vein
placement of catheter, blood returned in
fluid tube could be bright, plasma like and
homogeneous with clear boundary. It is
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important for operators to note this
difference and not just check the blood
return into fluid tube. There is possibility
of venous catheter malposition, especially
into the opposite brachiocephalic vein or
internal jugular on the same side. It is
possible that the catheter enters into the
internal jugular vein especially in children
in an effort to right subclavian
catheterization due to more acute angle
between the subclavian vein and an
innominate vein compared to adults, that
the chest x-ray after the operation can
show this well (10). If catheter enters into
a misplaced vein, its use is permitted for
hydration, but as soon as the emergency
elimination, it is better to change the
catheter place because of increased
chances of thrombosis (22).
4-1. Limitations of the study
One of the limitations of our study was
study design that we recommend clinical
trials and prospective study to confirm our
finding.
5- CONCLUSION
Since, pleural injury and subsequent
pneumothorax and hemothorax may be
associated
with
life
threating
complications, according to our finding,
applying the rat tail blood flow as a
practical approach to identify the insertion
of catheters in pleural space in pediatric
patients is recommended.
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