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Lesson 3

Central venous catheters, arterial catheters, measuring of ABP,AMP,CVP,PCWP,CP,CI

Key points

1. You should know the situations, when the c.v.cath. is necessary 

2. What we can and what we may not aply into the c.v.cath.

3. What techniques we use, describe those techniques, be able to assist doctor in providing them.

4.To know the abbreviations , formulas and values of basic measured and calculated cardiopulmonal values.

5. The principles of arteria punctioning, aims,methods.

Central venous catheters

A.Definition:

Central venous catheter is a catheter which distal end is placed in v. cava superior. The ideal possition is right before the atrial entrance, because there are no valves already.

B.Indications.
1. Anesthesiology reasons:

a. CVP measuring, other measurements

b. strongly acting drugs aplicatons - katecholamins, buffer solutions...

c. high amount of fluid application

d. expectable ICU hospitalisation after surgery and long-time parenteral feeding

2. Rescue care reasons

a. drug appliication - e.g. trombolytic therapy , cytostatics

b. parenteral nutrition

c. measuring of presures and volumes

d. impossibility of peripheral catheter application or preparation

C.Equipement:

There are three main kinds of catheters:

a. catheter through needle

b. catheter over needle

c. Seldinger catheter

They are made from non toxic,anti-trombogenic material, mostly silikon polyetylen or polyurethan.

D. Approaches to upper caval vein:

From periphery or from big central veins:

1. v. basilica, v. cephalica

2. v. jugularis interna and externa

3. v. anonyma (v. brachiocephalica), v. subclavia

4. v. femoralis, v. saphena - very rarely

The puncture site must be not inflammed or burn,out of the surgery field, the infection risk is lower at central veins approaches.We prefer central veins also for long time treatement.

E. Verification of the placement

Every catheter must be controled to prevent major complications. There are two possibilities:

a. X-ray contrast

b. EKG electrod in the top of the catheter ( P wave detection)

F.V. basilica and v. cephalica

The v. basilica approach seems to be easier, or in the cubita or distal antebrachium. Quite high anatomic variability of v. cephalica is not used so often.See the picture No.1.

Good access and easy puncture, in 25 - 55% the catheter does not get to central veins, very often  goes to jugular veins. We can prevent by positioning of the head to the site of the punction and preasing the mandibula down to the clavicular bone.

We use a peripheral cath. 70 c,m long, puncture set, syringe, =0.9% NaCl sol.,tampons, desinfection, turniket, steril sheets, scissors,pean, scissors, local anesthesia - cream EMLA or 1% lidokain, stich set

Technique: After abduction and hyperextention of upper arm we aply a turniket to the arm, desinficat the punctutre place and apply local anesthesia, if needed. By normal plastic puncture cannula with iron needle inside we puncture the vein, than we take -of the iron needle. Through the lumen of i.v. canyla we insert the catheter so far it is necessary. We take of the primary cannula, take of the mandren of catheter, connect to the infusion set  and verify the length of the catheter. Also we werify the venous return through  the catheter. Control of catheter possition.The most often complication is the thrombosis of the vein.

G. V. jugularis interna

Very easy access to upper caval vein, quite easy technique with highly successfull placement, short catheter, easy access during surgery and less complications, than v. subclavia puncture makes this technique one of the favorites.

However, there are few contraindications of it:

1. Coagulopathias, coagulation dysbalances, anticoagulant treatements during puncture

2. Previous surgery in neck- a. carotic endartectomia, thyroidectomia,...

3. Trauma or burn of the place

4. Head positioning difficulties

Topographic anatomy: see the picture No. 2 The right jugular vein is prefered because of the dirrect access to the v. cava. sup., lower position of upper lung lobe and ductus thoracicus is in the left side.

There are three approaches: central, anterior and posterior. See picture 3.

Central approach: Patient in Trendelenburg possition ( head-down-possition),head in dorsal flextion and faced other dirrection. With left hand we palpate carotic artery. Desinfection of the place. Local anesthesy in the top of the trigonum sternocleidomastoideum ( between the branches of m. sternocleidomastoideus ) It is good to try the position of jugular vein by thin needle. We remember the position and dirrection of needle and than do the same with the puncture needle. The needle should mostly by in 30° angle and the distal end is going to the direction of the mamila on the same side. We always should go outside of carotic artery. The jugular vein is approx. 3 - 3.5 cm deep in adult. That we verify  by easy suction of dark red blood. han, depends on the technique, we leed the teader or the catheter in the lumen of the puncture needle. We do not insert more catheter than necessary - 10 -13 cm, it can cause the arhytmia. We can splash the catheter with some 0.3% Heparin solution, we werify the venous return, stich the catheter and connect the infusion. Control of the catheter possition.

Complications:
a.a.carotis puncture

b.  pneumothorax and hemothorax

c. plexus brachialis trauma

d.air embolia

e.d. thoracicus punction when left vein puncted

H. V. jugularis externa.

It is mostly seen under the surface of the skin, the puncture is complicated by presence of the venous  valves. The other conditions are similar to interior vein puncture.

I. V. subclavia

The advantages of subclavial vein puncture are better movability of the patient, out of the neck, easy access also during hypovolemia - always opened lumen. However, the internal jugular vein puncture is stil more and more popular. The dissadvantages of subclavia are mainly due tu high percentage of complications, dependent on the experiences of the anesthesiologist. The risk of pneumothorax is so high, that it is not srecomended to apply subclavial  catheter dirrectly before the surgery, or just when thorax will be anyway opened.

Contraindications:

1.coagulopathy, anticoagulant treatement, coagulation dysbalance

2.emphysem

3.Major chest deformation

4.Obesity

5.Fractures in the shoulder and proximal part of upper limb

Topografic anatomy see the picture No. 4.

Approaches: Supra - and Infra- clavicular. 

Infraclavicular approach:
Patient in the Trendeleburg position, head softly to other direction, it is good to put  the roll (sheets or molitan) in the central axis under the patients shoulders. We ask other person to pull the upper limb down along the patients body.)See the picture No. 5. Desinfection and local anesthesia of the place. The puncture point is in the medioclavicular line in the Mohrenheim foveola right under the clavicula . The needle with syringe on full of fysiologic solutiongoes in very low angle along the skin, direction to the medial part of sternoclavicular joint. The needle is touching the clavicular bone. Needle is going to 1/3 of the bone, where the inmediate filling of the syringe by dark blood indicate the  subclavial vein. According to the technice, we apply the catheter, 10-15 cm on the right or 15 - 20 cm on the left.  Return blood control, connection to infusion, stich fixation.Sterile band.

Complications:
a. pneumothorax

b. a. subclavia punction and hemothorax

c. plexus brachialis trauma

d. air embolia

J. V. femoralis
Puncture of this vein is very rare, mostly at the children. It is cca ! cm medialy from the artery, the catheter than finish at the renal veinns access to the distal v. cava. This access has high amount of tromboembolic complications.

K. General complications of all caval catheters

1. local and systemic infection - also called "catheter sepsis"

2. trombosis

3. air embolia

4. artery or vein perforation

5.heart perforation

6. embolisation of catheter

7. wrong position of catheter

8. floating out

The Central venous pressure (CVP) measurement

One of the indication´s of c.v. cath. is CVP measurement. It is defined as a pressure in the entrance of v. cava to the right sinus. When the patient is in horizonatl position, the values in upper and lower caval vein ( above diaphragma) are equal. The CVP informus about the situation in the right heart, blood volume and tonus of the veins. The intrathoracic pressure (arteficial ventilation )and barriers in central veins influence this measurement.

Indications:

a. surgery with high volu fluid exchange

b.hypovolemic patient - ascites, ileus

c. shock

d. polytrauma

The measurement can be done by using a watter tube ( see picture), or electronical meassurement, which is more accurate.That also give us the continual line, whose shapes may indicate different  pathologic situations. But easy physical system of opened tube, filled with watter and calibrate to the patients right ventricle is very offen sufficient. 

The arterial catheter

It is a catheter in the arterial lumen.

A. Indications: 

1. Dirrect measurement of arterial blood pressure

2. Angiography and othe diagnostic methods

3. PTCA, and other surgical methods

4. Arterial Astrup measurement ( not as a main indication)

B. Different arteries may be used :

1. a. radialis

2. a. ulnaris

3. a. brachialis

4. a. femoralis

5. a. dorsalis pedis

The most offen approach is via a. radialis. We use a plastic cannula 18 - 20 G at adults, 2 - 24 at children. The Seldinger techniques is easier.To be sure the radialis artery is not ischemic, we use Allen test. Patient is closing the hand and we pres both arteries untill the hand is not white. Than we open the ulnar artery and look the return of the colour to the hand. If it is latter than 10 sec, the radial approach is not recomended.

Technique: Aseptic access, palpation of the artery. Dorsal flection of the hand. See picture No.6. Local anesthesia. The puncture site is over the ligamentum carpi, under 30° angle, paralel with palpated artery. The left hand still palpate the artery. When the blood (fresh red, pulsing) come, we insert the leader or insert the plastic cannula deeply, so it hold in the artery.  If the cannula is well positioned, the blood is pulsing and streeming out. We must be carefull not to perforate the artery. Often cannulation leeds to spasmus of artery, hypovolemia and hypotension  cause the problems during the punction. If possible, we wait untill the situation is stabilized.

The arterial cannula is just for blood samples taking and measurement, we do not insert any drug. It can cause serious damage of the hand.

Complications:

a. perfusion decreasse - - 13% after one day, 7% after 7 days

b. abnormal pulsations - 14.8% after one day, 11% after 7 days

c. haematomas - 12% after one day, 12./% after 7 days     ( Slogoff)

That is why we circulate the arterial cannula after several days if the long-time use is necessary.

If the radial access is not succesfull, the femoral artery aproach is much easier, but later hygiene and care is more difficult.

Arterial pressure dirrect meassurement

Indications:

Generally, all the situation, when the arterial pressure must be known as exactly as possible, all life threatening situation,major  hypo or hypertension, volumic failure.  For instance:

a. cardiological surgery

b. aneurysmas a. cerebri or aortae

c. transplantations

d. lobectomy, pneumonectomy

e. heart failure, AIM

f. acute renal failure

g. MODS ( Multiorgan dysfunction syndrom)

h. All the anesthesias, when due to the patient´s situation we expect the cardiovascular complications 

 The proximal end of the cannula is connected to the measuring chamber through 3-way ventil. The chamber is then electronically conected to the monitoring modul. The reference point for the chamber is the right ventricle of the patient. We control that always, when we read the pressure. The chamber is filled by low concentration Heparin solution and continually splashes the cannula. There should not be any air boubles. It is the prevention of the thrombosis and  measurement accuracy.The calibration of the chamber must be done before measurement. First we set up the high of measuring chamber, than open against the air( with closing the 3-vay ventil) and press Zero at the modul. When "0" occurs at the monitor, we switch the ventil so it is connecting artery and chamber and the measurement start. See the picture No.7.
Cathetrisation of a. pulmonalis.

The technique is very similar to the central venous catheter, the difference is in the catheter and possitioning. The end of pulmonar artery catheter is in the pulmonar artery, going through right atrium and ventricle.  The catheter is called Swan- Ganz catheter, have mostly 4 branches. One is a special cull, which is for obturing the artery. One has a special thermistor at the end for special measurements of temperature. The other two may be used for a nutrition or drug application, but one of them, with the little leek in the certain distance from termistor. It is for application of cold watter or 0.9% NaCl solution for measurement. See picture 7. The proximal end of the catheter is connected to the measuring modulThe positioning of the catheter is by using the measurement of the pressures in the cavities, the specific line on the monitor occur when right sinus or ventricle is reached. The blood flow itself is leading the catheter to the pulnonar artery, which has also a specific line. The measurement system shows the pressure in all position, the pressure caused when the cuff is inflated is called Wedge pressure (PCWP) and it is showing the situation in the left sinus. Than using the could fluid, the measurement of the stream by the temperature changes allows to detect the cardiac output, cardiac index, system vascular resistence and other values.

The measured and calculated values and formula see bellow. The normal values may differ according to the age and weight of the patient and it´s heart.

Cardiovascular abbreviations

Heart rate



HR........heart beet frequence

Mean central venous pressure

CVP......pressure in the central veins

Body surface area


BSF

Cardiac output



CO........volume of blood ejected by left ventricle per minute......5-6l/min......CO=VI(TB-TI)K1K2





TB(t)dt

Mean pulmonary artery preassure
PAP.. 24mmHg

Pulmonary capillary wedge pressure
PCWP...9mmHg

Mean arterial blood pressure

MAP

Diastolic pressure


DP

Systolic  pressure


SP

Pulse pressure



PP

Left atrial pressure


LAP

Left ventricul end-diastolic pressure
LVEDP

Hemodynamic formulas

Cardiac index

CI
CO/BSA

2.5 -4.0 l/min/m2

Stroke volume

SV
CO * 1000/HR

60 - 90 ml/beat

Stroke index

SI
SV/BSA   

40-60 ml/beat/m2

Mean arterial pressure   MAP      DP + 1/3 (SP-DP)





CO*SVR

80 - 120 mmHg

Systemic vascular resistence




SVR
(MAP-CVP)/CO * 79.9
1200-15 dynes-cm-sec-5

Pulmonary vascular resistence




PVR   
(PAP - PCWP)/CO*79.9 100-3 dynes-cm-sec-5

Indication:

1. Heart failure

2. Major cardiopulmonar surgery

3. Pulmonar hypertension - acute.

Complications:

Mostly same as caval catheter complications. The cause of arhytmia is more often.

Control questions:

1. What are the indications of c.v. cath, arterial cath and cath. v. pulmonalis.?

2. Generally, what techniques of cathetrisations we use ?

4. Describe the possitioning during v. jugularis int. a v. subclavia cathetrisation?( Pictures wellcome)

4. Describe the technique of one central venous cathetrisation.

5. What are the complications of c.v. cath.?

6. Describe the dirrect measurement of arterial pressure.

7. What is " cardiac output", how is it calculated ( formula is not necessary,just describe principle) and how is it meassured.? What is the normal value?

