Evaluation of Surface Landmarks and
C-Length as Predictors of the Depth
of Right Internal Jugular Venous

Catheter Insertion:
A Transesophageal Echocardiography-
Guided Study
Ohesis
Submitted for Partial Fulfillment of Master Begree
i Anesthesiology, Dntensive Care and Pain Management
By

Ghada Ramadan Mohamed Mohamed Sharaf Eldin
MB, BCh

(Under Supervision of
Prof. Dr. Sameh Michel Hakim

Professor of Anesthesiology, Intensive Care and Pain Management
Faculty of Medicine, Ain Shams University

Dr. Hanaa Abdallah Elgendy

Assistant Professor of Anesthesiology, Intensive Care and Pain Management
Faculty of Medicine, Ain Shams University

Dr. Doaa Mohammed Kamal EI-Din

Lecturer in Anesthesiology, Intensive Care and Pain Management
Faculty of Medicine, Ain Shams University

Dr. Mohamed Mohsen Mohamed Awad

Lecturer in Anesthesiology, Intensive care and Pain Management
Faculty of Medicine, Ain Shams University

Oraculty of Medicine - Ain Shams (Iniversity

2020



4 h

Acknowledgments

I wish to express my deepest thanks, gratitude and
appreciation to Prof. Dr. Sameh Michel FOalim,
Professor of Anesthesiology, Intensive Care and Pain
Management, Faculty of Medicine, Ain Shams University,
for his meticulous supervision, kind guidance, valuable
instructions and generous help.

Special thanks are due to Dvr. Foanaa Abdallah
Clgendy, Assistant Professor of Anesthesiology, Intensive
Care and Pain Management, Faculty of Medicine, Ain

Shams University, for her sincere efforts, [fruitful
encouragement.

I am deeply thankful to Dr. Doaa Mohanuned
Kamal ELDin, Lecturer in Anesthesiology, Intensive
Care and Pain Management, Faculty of Medicine, Ain
Shams University, for her great help, outstanding support,
active participation and guidance.

Really I can hardly find the words to express my
gratitude to De. Mohamed Mohsen Mohamed Awad,
Lecturer in Anesthesiology, Intensive care and Pain
Management, Faculty of Medicine, Ain Shams University,
for his supervision, continuous help, encouragement
throughout this work.

I would like to express my hearty thanks to all my
family for their support till this work was completed.

(shada (Ramadan




Tist of Contents

Title Page No.
List of Tables....ccoeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 4
List Of Figures ....ouuuuieeeeiiieeeeeceee et e e 5
List of Abbreviations........cccccviiiiiiiiiiniiiiiiieeee e 7
INtroduction .........ccooiiiiiiiiiiiiiieee e -1-
Aim of the WorK ......ccoovviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee e 10
Review of Literature
» Central Venous Catheterization...........cccccceeeeviiiiniiinnnnnnnn.n. 11
* Optimum Placement of Central Venous Catheter Tip.......... 18
Patients and Methods..........ccceeiiiiiiiiiiiiiiiiiiieeeee e, 25
ReSUILS oo, 33
DiSCUSSION ..eeeiiiiiiiiiiee e e e e e e e eeaees 48
Conclusion and Recommenadtions .........cccceeeeevviiiiiieeeiennnnnnnnee. 58
N T0E 000002 oy 4R 59
ReEfErenCes ......uvviiiiiiiiiieeeceeee e e e e e 61

Arabic Summary



Table No.

Tist of Dables

Title Page No.

Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Table 10:

Table 11:

Demographic characteristics of the study
POPULAtION ...,
Operative procedure performed for the study
POPULAtION ...
Surface distance, C-length and TEE-verified
CVC length needed to place CVC tip at mid-
SV e
CVC tip to carina distance on postoperative

Regression model for prediction of CVC
length required to place CVC tip at mid-SVC
using surface landmarks...........ccccooeeiiiiiiiiiiiienn.
Regression model for prediction of CVC
length needed to place CVC tip at mid-SVC
using C-length ........ccccoooiiies
Comparison of the mean signed error of
either model as a measure of accuracy
(systematicC error) .......ccceeeeeeeeeereiiiiiiiiieeeeeeeeeeeeenn
Comparison of the mean absolute error of
either model as a measure of accuracy
(systematiC error) .........cccevvvvvevrureeeneeeeeeeeeennenenenennnenns
Comparison of the variance of signed error of
either model as a measure of precision
(Tandom €ITOT) ....ceeuuiiiiiiiieeeeeeeeieeee e e e e e
Comparison of the variance of absolute error
of either model as a measure of precision
(TANAOM ETTOT) ...vvvvvvrrvrrrirriiiiieiiiieaeeeeaeaaeaeaaeaaaaaeeeneaes
Accuracy of simple measurement of surface
distance or C-length for prediction of CVC
length required to place CVC tip at mid-SVC
as assessed by calculation of the standard
error of the estimate of either measure..................



Fig. No.

Tist of Origures

Title Page No.

Figure 1:
Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Formation of Superior vena cava.......................... 15
The heart, great blood vessels, and opened
PEricardiUml .......eeeeeeieieeiiiiiiieeeeeeeeeeerreeeeeeeeeeerenns 16
PA CXR showing C-length by drawing a
circle from the focal point of carina as its
boundary crossed the tip of the edge of the
transverse processes of the first thoracic
VETEEDTA ...evviiiieeeiiieeiieeeee e 21
The midesophageal bicaval view, with the
right atrium-SVC junction, the tip of J-
wire under TEE guidance.......cccccccevvvveeereeeeennnnnne. 23
Diagram illustrating surface landmarks
used to determine needed length of CVC............. 27
Scatter plot of the TEE-verified CVC
length needed to place CVC tip at mid-
SVC (dependent variable) versus the
surface distance (independent variable). ............. 37
Scatter plot of the standardized residuals
of the surface distance-predicted CVC
length versus the surface distance....................... 37
Normal Q-Q plot of the standardized
residuals of the surface distance-predicted
CVC length showing approximately linear
pattern denoting normal distribution of
the residuals.......ccccceeeiiiiiiiiiiiie, 38
Scatter plot of the standardized residuals of
the surface distance-predicted CVC length
versus the standardized predicted values.............. 38
Scatter plot of the TEE-verified CVC
length needed to place CVC tip at mid-
SVC (dependent variable) versus the C-
length (independent variable). ........cccccceeeeeeeennnnne. 41



Fig. No.

Tist of Grigures con..

Title Page No.

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Scatter plot of the standardized residuals
of the C-length-predicted CVC length

versus the C-length...........ccccoooiiiinns

Normal Q-Q plot of the standardized
residuals of the C-length-predicted CVC
length showing approximately linear
pattern denoting normal distribution of

the residuals. ...cooooeeeeeeeee e

Scatter plot of the standardized residuals
of the C-length-predicted CVC length

versus the standardized predicted values. ......

External topographic landmarks for CVC

TNISCTTIONN - ettt e e

e 42



Tist of Abbreviations

Abb. Full term
ASA.....coee American Society of Anesthesiologists
CRS....ccooeeeeeeeernnn. Catheter related sepsis

CVC ..covvveieiienn, Central venous catheter
CVP...eeeeeeeeeeeeennn. Central venous pressure

CXR ..oooeeeeeeen. Chest x-ray

ECG....eeeaaaannnnnn. Electrocardiogram

FDA .........ccccovvvvvunnn. Food and drug administration
IJV ... Internal jugular vein

PA ..o, Postero-anterior

RA. ..o, Right atrium

RA-SVC.................... Right atrium-superior vena cava
SCV.ooeiiiieeeeen, Subclavian vein
SVC...onnnn Superior vena cava
T, Transverse process 1
TEE..........cccovveeveennn. Transesophageal echocardiography

US..cooeooeeeeeeeeeeeen, Ultrasound



CIntroduction

INTRODUCTION

(C/entral venous catheterization is a standard clinical practice
\_J for infusion of fluids, blood products, or vasoactive drugs
into the central circulation or for monitoring central venous
pressure during perioperative periods. However, this procedure
can lead to significant complications including cardiac
arrhythmia, vascular injury, hydrothorax, hemothorax,
hydromediastinum or cardiac tamponade.’® Such complications
can occur when the catheter tip is inserted within the heart
chambers or when it abuts the vascular wall at a steep angle.*

Although optimal positioning of the catheter tip is
controversial depending on the duration of the use (short-term
or long-term) and indication for insertion, the US Food and
Drug Administration has stated that the catheter tip should not
be located in or allowed to migrate into the heart.’ If the
running direction of the catheter is not parallel to the long axis
of the superior vena cava (SVC), the vascular wall can be
eroded by touching the tip of the catheter. In addition, venous
thrombosis and misplacement of the catheter in the left
brachiocephalic vein or small collateral vessels, such as the
azygous vein are possible if the CVC is placed the upper or
middle SVC.%’

To prevent these risks and to ensure proper
hemodynamic monitoring, the catheter tip should be placed in
the lower SVC, near the junction of the right atrium and the
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SVC (RA-SVC junction).*> The lower SVC, near the RA-SVC
junction, might be the optimal position of the catheter tip for
monitoring and administration of vasoactive drugs during
perioperative periods and for preventing malfunction,
migration, and thrombosis.

The method introduced by Lee and Lee® using two
radiographic landmarks on the PA CXR for identifying the
length at which the tip of the CVC should stand in the mid-
SVC have shown remarkable results; these landmarks are the
edge of the right transverse process of the first thoracic spine
(T1) and the center of the carina (C). The distance between
these two points is termed the C-length. In this method AP
CXRs preceding the operation were taken and assessed for the
initial measurements of the C-length.®

In 2003, Hakim® described a method based completely
on surface landmarks for determination of the depth of CVVC by
adding the distance between the right sternoclavicular joint and
the lower border of 2nd rib on the right side to the distance
between the insertion point and right sternoclavicular joint. The
target was to place the catheter tip outside the pericardium, at
the mid-SCV. This target point is 3 cm above the SVC-RA
junction. ** This would ensure placement of the CVC outside
the pericardial reflection, a recommendation that has been
called for in order to reduce the risk of cardiac tamponade.™
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AIM OF THE WORK

he primary aim of the current study is to examine the
6accuracy of the C-distance or surface landmarks in
determining the length of CVC that is required to place the
catheter tip at the mid-SCV as confirmed by transesophageal
echocardiography (TEE). A secondary aim is to derive an
equation or formula to calculate the depth of the CVC that is

required in order to have the catheter tip placed at the mid-
SVC.
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Chapter 1
CENTRAL VENOUS
CATHETERIZATION

(C/entral venous catheterization (CVCs) is a standard clinical
\_Jpractice for infusion of fluids, blood products, or
vasoactive drugs into the central circulation or for monitoring
of central venous pressure (CVP) during the perioperative
period in hemodynamically unstable patients and those
undergoing major operations.’

CVCs are commonly inserted into the internal jugular,
subclavian or femoral veins on either side. Incorrect positioning
of catheter tip may give false CVP readings leading to incorrect
volume replacement and cause other serious complications such
as vascular laceration, hemothorax, hydrothorax, pneumothorax
arrhythmias, placement in the coronary sinus, tricuspid valve
damage, thromboemboli, infection, nerve damage, pressure on
the airway by hematoma, tracheal injury ,cardiac tamponade or
death."***

11
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Complications of central venous catheter malpositioning:
Perforation:

Perforation is thought to occur from mechanical trauma
of catheter tip or from chemical damage of infused solutions, it
has been widely reported and may result in pleural effusion,
hydrothorax, haemothorax, pneumothorax, or pneumomediastinum.
Cardiac tamponade has been reported also and this is explained
by the finding by Schuster and colleages™ that the pericardium
may ascend alongside the medial wall of SVC by up to 5 cm
(mean 3 cm). Thus placement just proximal to the atrium does
not obviate the risk of tamponade. *

Thrombosis and catheter related sepsis:

Thrombosis occurs where there has been repeated trauma
to the endothelium from the catheter tip. There is increasing
evidence of a relationship between shallow placement of the
catheter tip and thrombosis. Catheter related sepsis (CRS) is a
major problem with a direct mortality rate of 25%. A clear
relationship has been established between CRS and thrombosis
and the combination of both can result in devastating septic
thrombophelebitis.™*

In conclusion optimally, the catheter tip should be placed
in a large vein, ideally outside the heart and parallel with the
long axis of the vein such that the tip does not abut the vein or
heart wall.*

12
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e Anatomy of Superior vena cava:

The superior vena cava is located within the superior and
middle mediastinum.

The right and left brachiocephalic veins formed by the
union of the internal jugular vein (1JV) and the subclavian vein
(SCV), join to form the superior vena cava posterior to the
inferior border of the first right costal cartilage space Fig(1).
The superior vena cava descends downwards vertically,
running posterior to the second and third intercostal spaces. The
lower portion of the superior vena cava is covered by thin
fibrous pericardium. The superior vena cava terminates in the
superior and posterior portion of the sinus venarum of the right
atrium. There are no valves present at the point at which the
superior vena cava drains into the right atrium. The superior
vena cava is approximately 7 centimeters in length and 2 cm
wide."

In a study by Albrecht and colleagues™ in which they
examined fresh cadavers 48 hours post-mortem they found out
that the pericardium was fixed to the medial wall of the SVC up
to the beginning of the aortic arch, near to the brachiocephalic
trunk. The intrapericardial part of the SVC (A in Fig. 2) was
5.3 cmto 8.0 cm (range 3 cm).

The length of the medial side of the SVC, fused with the
pericardium (B in Fig. 2), was 3.4(x0.2) range 1.4 to 5.5

13
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cm.The carina was located at a distance of 0.8 (x0.05) range 0.3
to 1.5 cm above the pericardial reflection (C in Fig. 2). In no
case was the carina located below the pericardial duplication on
the medial side of the SVC."

e External Anatomical landmarks of Superior vena cava:

The brachiocephalic veins can be projected onto the
surface as broad bands 1.5 cm wide from the sternal end of the
clavicle on each side to the formation of the SVC at the lower
border of the first right costal cartilage. The SVC is 7cm in
length and 2 cm wide and partially behind the right margin of
the sternum; it extends from the lower border of the first right
costal cartilage to the lower border of the third right costal
cartilage. The angle of Louis can be palpated easily near the
second rib insertion to the manubriosternal joint. So the middle
SVC zone is considered to be at the level of the lower border of
the right second costal cartilage. ***°

14
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Figure 1: Formation of Superior vena cava Bennet et a
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