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Cardiac catheterization was first 

performed by Claude Bernard in 
1844. The subject wasa horse and both 
the right and left ventricles were 
entered by retrograde approach from 
the jugular vein and carotid artery. 

HISTORICAL REVIEW

Bleichroeder inserted catheters into dog arteries and assessed 
the effects after leaving them in place for several hours. He 
reported no complications or clots..



1929: Ignoring his department chief, and 

tying his assistant to an operating table 

to prevent her interference, Werner 

Forssmann he placed a uretreal catheter 

into a vein in his arm, advanced it to the 

right atrium [of his heart], and walked 

upstairs to the x-ray department where 

he took the confirmatory x-ray film. In 

1956, Dr. Forssman was awarded The 

Nobel Prize

HISTORICAL REVIEW



The confirmatory x-ray film of the first cardiac catheterization

HISTORICAL REVIEW



1941 — Cournand and Richards employ 
the cardiac catheter as a diagnostic tool 
for the first time, utilizing catheter 
techniques to measure cardiac output.

In the early 1940's, Cournand, 
working in New York, began utilizing 
right heart catheterisation on a 
regular basis in the undertaking of a 
comprehensive investigation of 
cardiac function in both normal and
diseased patients

HISTORICAL REVIEW



1953 Sven Seldinger developed a percutaneous
approach for the introduction of catheters for both 
right and left heart catheterisation

1950- Henry A. Zimmerman, M.D. performed the 
first left heart catheterization through a cutdown of 
the ulnar artery

HISTORICAL REVIEW



October 30, 1958 Frank Mason Sones
performed the first selective coronary angiogram 
through a cutdown of the brachial artery.

Sones and his assistant were doing a left 
ventriculorgram. They paused for a cigarette while 
the injector was being reloaded. The catheter 
slipped into the RCA and the patient was bolused
with 40 ml of contrast medium- the patient went 
into asystole for 7 seconds. 

Transeptal catheterization was first developed in 1959 by Ross and Cope.

HISTORICAL REVIEW



1967 — Introduction of the Judkins Technique of coronary angiography

An associate of Dr. Charles Dotter at the University of Oregon in 
radiologist Dr. Melvin Judkins studied coronary angiography with 
Dr. Mason Sones. Judkins went on to create his own system of 
diagnostic imaging, introducing a series of specialized catheters and 
perfecting the transfemoral approach (introducing the catheter via 
a groin puncture rather than the more complex procedure used by 
Sones of introducing the catheter via surgical opening of the 
brachial artery in the arm).
A careful perfectionist, Judkins went to great lengths to educate his 
patients, train his colleagues and share his techniques, and 
continued his work at Loma Linda Medical Center. Judkins furthered 
the goal of an accessible, systematic approach to high quality 
diagnostic radiology. The Judkins Technique of coronary 
angiography remains the primary diagnostic tool used in 
catheterization laboratories around the world.

1962 Rickarts and Abrams performed the first percutaneous transfemoral
approach

HISTORICAL REVIEW



1964 — Transluminal Angioplasty, the concept of 
remodeling the artery, is introduced by Dr. Charles T. 
Dotter

The father of interventional radiology, Charles Dotter, a 
vascular radiologist at the University of Oregon in Portland, 
introduced transluminal angioplasty in 1964, working with 
Melvin Judkins. Dotter used multiple catheters of increasing 
diameter to open blocked arteries and improve blood flow in 
patients with arteriosclerosis in peripheral (leg) arteries.
Like many innovators, he had a drive and style that put him, and too 
often his ideas, outside of the mainstream. Philosophical resistance, 
especially from the surgical community, difficulties reproducing his 
techniques and occurrence of complications resulted in angioplasty being 
rejected and ignored in the U.S. for nearly 15 years.
Dotter's techniques were embraced and expanded, however, by 
investigators in Europe (notably Dr. Eberhart Zeitler in Germany who 
introduced Dr. Andreas Gruentzig to Dotter's techniques) and proved 
instrumental to the development of the field of interventional cardiology. 
Dotter's innovation moved traditional radiology beyond the realm of 
diagnostic imaging toward non-surgical intervention to treat vascular 
disease.

HISTORICAL REVIEW



In 1977 Andreas Cruntzig introduced the technique of 

coronary angioplasty

1976 — Andreas Gruentzig presents 
results of animal studies of coronary 
angioplasty at American Heart 
Association meeting

1977 — First human coronary balloon 
angioplasty performed intraoperatively
by Gruentzig, Myler and Hanna in San 
Francisco
1977 — Andreas Gruentzig performs first 
cath lab PTCA on awake patient in 
Zurich; starting with this case, all PTCA 
data is entered into a worldwide registry

HISTORICAL REVIEW

In 1989 Campeau described using the transradial approach – the technique 
was perfected by Kiemeneij et al in 1993



Schematic diagram showing the right 
femoral artery and vein coursing 
underneath the inguinal ligament,which
runs from the anterior superior iliac 
spine to the public tubercle.

The arterial skin nick should be 
placed approximately 3 cm below 
the ligament and directly over the 
femoral arterial pulsation.

The venous skin stick shoud be placed 
at the same level but approximately one 
fingerbreadth more medial

REGIONAL ANATOMY RELEVANT TO FEMORAL ARTERIAL 
AND VENOUS CATHETERIZATION



The Key is the Location of the Femoral Puncture

Use landmarks to aid in finding the target zone 
for the femoral puncture.

•Skin crease
•Bony landmarks
•Point of maximal pulse

However, we recommend ALWAYS using 
fluroscopy! 

A. Bottom head of the femoral head
B. Center of the femoral head
C. Line between anterior superior iliac 
crest (ASIS) & symphisis pubis
D.Superficial Femoral Artery (SFA)

Bony Landmark Approach



Locate the femoral artery and inguinal 
ligament that runs from the anterior 
superior iliac spine to the pubic 
tubercle. The true position of the 
inguinal ligament is 1–2 cm below that 
line .

Ninety-seven percent of patients have 
the femoral artery lying on the medial 
third of the femoral head. Only 3% 
have the artery totally medial to the 
femoral head.

REGIONAL ANATOMY RELEVANT TO FEMORAL ARTERIAL 
AND VENOUS CATHETERIZATION



Preparations in Obese Patients:

The femoral pulse at the inguinal crease is 
not a reliable landmark for the common 
femoral artery (CFA), particularly in the 
obese or elderly patients whose crease 
tends to be much lower than the inguinal 
ligament. 

The protruding abdomen and panniculus
should be retracted, and taped to the 
chest with 3- to 4-inch tapes that are in 
turn secured to the sides of the 
catheterization table. Keep the tissue 
layer above the artery as thin and taut as 
possible, so the needle will not be 
deflected from the pro-jected angle and 
selected pathway

REGIONAL ANATOMY RELEVANT TO FEMORAL ARTERIAL 
AND VENOUS CATHETERIZATION



Target the medial third 
of the femoral head as 
a reference point
Also target just below 
the “equator” or 
horizontal mid-line of 
the femoral head

The Key is the Location of the Femoral Puncture



REGIONAL ANATOMY RELEVANT TO FEMORAL ARTERIAL 
AND VENOUS CATHETERIZATION

Corresponding radiographic 
anatomy as seen during 
addominal aortography.



Catheter (open arrow) inserted 
via he skin nick has entered the 
common femoral artery (CF), 
safely above its bifurcation into 
the superficial femoral (SFA) and 
profunda (P)brunches

REGIONAL ANATOMY RELEVANT TO FEMORAL ARTERIAL 
AND VENOUS CATHETERIZATION



SELDINGER TECHNIQUE FOR VENOUS PUNCTURE

A skin nick has been created overlying the desired 

vein, which is punctured through and through by a 

seldinger needle . 

In the center illustration the needle cannula is 

attached to a syringe. Depression of the syringe 

toward the surface of the skin tents the vessel 

slightly and facilitates axial alignment of the 

cannula at the moment that slow withdrawal brings 

the tip of the cannula back into the vessel lumen. 

This is recignized by the sudden ability to withdraw 

venous blood freely into the syringe

Syringe is then removed from the needle cannula to 

permit advancement og the J guidewire.

Once the guidewire has been advanced safely into 

the vessel , the needle cannula can be removed 



Again the needle is inserted at approximately 
45 degrees, along the axis of the femoral 
artery as palpated by the three middle fingers 
of the left hand

When the needle is into the lumen of the femoral 
artery as evidenced by vigorous pulsatile flow of 
arterial blood and with the left hand stabilizing the 
needle the right hand is used to advance a 0.035-
inch J wire  carefully into the needle. It should 
move freely up the aorta.

SELDINGER TECHNIQUE FOR ARTERIAL PUNCTURE

A single wall puncture is desired( “Front-wall stick”)



Needle inserted Needle withdrawn until 

there is blood flow
Guidewire inserted

Needle removed Catheter over guidewire Guidewire removed

leaving catheter in 

artery

SELDINGER TECHNIQUE FOR ARTERIAL PUNCTURE



Inadvertent Guidewire Trauma

If difficulty is encountered in 
advancing the guide wire, it 
should be never overcome 
by the application of force.



When resistance to advancement is encountered at or just 
beyond the tip of the needle even greater care is required. 

This resistance may be caused by the apposition of the tip of the     
needle to the back wall of the vessel, which can be corrected by
further depression of the needle, with or without slight withdrawal 
of the needle.

If this maneuver fails to allow free advancement of the wire , the 
guide wire should be withdrawn to ensure that blood flow is still 
present  before additional wire manipulation is attempted.

If the wire stil cannot be advanced, the needle cannula should be 
withdrawn and the puncture site should be compressed.

SELDINGER TECHNIQUE FOR VESSEL PUNCTURE: 
Tip and tricks



The order of arterial and venous access is often a matter of personal 
pref-erence. We prefer to puncture the vein first.

If inadvertently the artery is punctured first, we would cannulate
the artery, then puncture the vein under fluoroscopy, with the 
needle medial and parallel to the arterial sheath.

In some cases venous puncture during a Valsalva maneuver may 
help by distending the femoral vein and making clean puncture 
more likely.

If wire motion ceases to be free after several centimeters or if the 
patient complains of any discomfort during wire advancement 
subintimal position of the wire is a distinct possibility

SELDINGER TECHNIQUE FOR VESSEL PUNCTURE: 
Tip and tricks



SELDINGER TECHNIQUE FOR VESSEL PUNCTURE: 
Tip and tricks

The sheath and dilator are rotated as they are advanced 
progressively through the soft tissues

If excessive resistance is encountered, it may be 
necessary to remove the dilator from the sheath and to 
introduce the dilator alone before attempting to 
introduce the combination. 

If inspection shows that initial attempts have created 
significant burring at the end of the sheath, a new sheath 
should be obtained 

The sheath sholud be reflushed immediately after each catheter 
is introduced or withdrawn and every 5 minutes during the 
catherization to avoid encroachment of blood and potential 
thrombus formation within the seath.



•Front wall stick.

•Pulsatile blood flow before wire 

advancement.

•Wire exits needle without resistance.

•Use of fluoroscopic guidance

SELDINGER TECHNIQUE FOR VESSEL PUNCTURE: 
Tip and tricks



CONSIDERATIONS IN PVD

• With known aorto-iliac disease or prior AFB consider 

brachial or radial access

• Remember that there is often brachiocephalic disease in 

patients with occlusive aorto-iliac disease and that there is 

an increased risk of stroke with catheter manipulation in 

tortuous subclavian vessels 

• Review any previous angiography

• AFB graft may be used for access; avoid retrograde access 

into blind limb of iliac artery 

• Distal SFA occlusion is not a contraindication.  Enter CFA !!

• Take care NOT to compromise the patent profunda femoris

artery (only remaining circulation to the leg)



CONSIDERATIONS IN PVD

Also may be helpfull:

Use Long sheath (Arrow)

Exchange catheters on wire

Avoid closure device

Use of hydrophilic wire

In a very tortuous iliac artery or difficulties in advancing the
guidewire , a diagnostic Judkins Right (JR) catheter can be 
inserted with caution and advanced in order to help steer the 
wire tip. Injection through the JR (consider Y-connector and 
50cm extension tube to allow simultaneous injections) would 
also help to find out why there is a problem advancing the wire.



• Manual compression.

• Mechanical compression device

.         Equal or superior to manual compression for safety

Pressure dressings do not decrease complications and may obscure bleeding

Require constant attention, patient cannot be left unattended

Patient at bedrest 4 to 6 hrs

• Closure devices.

– Angioseal, Vasoseal, Perclose, Starclose, and many others….

• Closure devices:

– Have not demonstrated reduction in major complications

– Do allow earlier ambulation

– Offer less intensive monitoring post-procedure

– Significant cost

– New set of complications!
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METHODS OF HEMOSTASISMETHODS OF HEMOSTASIS



1. Immediately after procedure in 
diagnostic cases
2. Delayed removal for PCI
3. Increased sheath size increases   
complications
4. When ACT < 150s in case heparin was 
used
5. In 2 hrs after stopping bivalirudin
6. After 6-8hrs of last enoxaparin dose

- Even longer after fondaparinux

Arterial Sheath Removal (manual)



� Assess vital signs, distal pulses 
and access site

� Palpate pulse approximately 2cm 
above and slightly medial to skin 
entry

� Avoid “milking” the sheath when 
removing the catheter (potentially 
strips out clot which may have 
formed within sheath)

� Apply direct downward pressure 
for  10-20 minutes or until 
hemostasis achieved

� Arterial and venous catheters 
should not be taken 
simultaneously

� Remove arterial sheath first, 
leaving venous access in case of 
vasovagal reaction

� Simultaneous Arterial/Venous 
Sheath removal increases risk of 
AV Fistula formation

Manual Compression
“The Gold Standard” in Sheath Removal



Correct technique

Manual compression

Operator Dependent
Poor Technique = Poor Hemostasis = Poor Outcome



•Discomfort
•Cost
•Time
•Patient returns to floor with sheath
•Check ACTs before pulling
•Staff returns to hospital
•Possible morbidity associated with 
prolonged bedrest and compression

Manual compression



POSTCATHETERIZATION ORDERS



Common “Mistakes” Post Hemostasis

� Overly Bulky Pressure Dressings 
(mummification)

� Sandbags

� Checking Pulses   (But not Access 
Site)

RIGHT

ALWAYS ASSESS THE 
SITE !



•Claudication

•Femoral bruits

•Absent leg pulses

•Prior femoral grafts

•Extensive inguinal scarring

•Surgery or radiation therapy

•XS tortuous iliac and lower abdominal aorta

•Abdominal aorta aneurysm

•Severe obesity

When to Avoid Femoral Access



When to Avoid Femoral Access

Femoral Complication Waiting to Happen! Femoral Complication Waiting to Happen! 



When to Avoid Femoral Access
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Waiting to Happen! Waiting to Happen! 



BRACHIAL ACCESS

• Cutdown or percutaneous

• May use specificifically for LIMA PCI

• Heparin is recommended

• Frequency of complications similar to femoral access.

– Ischemia, thrombosis, embolization

-Conservative therapy: heparinization

-Surgical therapy:embolectomy

-Percutaneous lysis, mechanical thrombectomy, or balloon inflation to 
tack-up a dissection flap

– Median nerve injury

-Brachial fossa hematoma (median n. compression)

-Nerve injury during access

-Ischemic nerve injury



RADIAL ACCESS

• Successful access ≥ 90%.

• Normal “Allen” test required.

• Most common failure is inability to cannulate 
artery.

• Occlusion post-PCI approx 3 - 5%.

• Associated with fewest major complications of 
any access site.


