Cardiac Catheterization Lab Manual
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(Updated June 25, 2013)

Cardiac Catheterization Rotation

During the Cath Lab rotation, fellows will learn the cognitive and technical aspects of the pre-, intra-, and post-procedural care of patients undergoing cardiovascular diagnostic and interventional procedures.  
Members of the Cath Lab team include the attending cardiologist responsible for the procedure, the fellow performing the catheterization, and support personnel (nurses, technologists).  The senior fellow in the lab is responsible for assigning appropriate patients to the junior fellows.  Throughout the year, two interventional fellows are present in the lab in addition to a first year fellow and a second or third year fellow.
Throughout the rotation, fellows will have ample supervision.  During the first few weeks, junior fellows will be guided by the senior fellows and interventional fellows as they become familiar with the daily routine.  
All of the first year fellows will meet with Dr. Ashvin Pande at the start of the rotation to go over the objectives of the Cath Lab rotation.  All fellows will meet with Dr. Pande following the rotation for evaluation and feedback.

The Cath Lab faculty and staff are committed to optimal patient care and teaching and hope that this rotation proves to be a valuable and enjoyable learning experience.

Cath Lab Guidelines

1. Although the use of arteriotomy closure devices has significantly reduced the number of sheaths that need to be removed manually, each first year fellow must learn to remove (arterial and venous prior to the first night of call.   If you are rotating at the VA during the first month, it is your responsibility to make arrangements to be “certified” in sheath removal prior to the first night of ENC call.  (This may mean coming to BMC after hours to learn how to remove sheaths with a senior fellow).  One of the third year or interventional fellows will provide the teaching and “certification”.
2. Pre-cath duties (patient evaluation) are divided among the diagnostic fellows.  Weekend pre-cath duties are performed on Sundays (or Monday if it is a holiday).  Once you are finished seeing patients, remember to call Dr. Hochberg (or her designee)to review the patients.  Details of the pre-cath procedures are outlined below.  For the two-month block, junior fellows should sign-up for four Sundays to pre-cath.  The remaining Sundays will be the responsibility of the senior fellow.  The senior fellow should be aware that he or she might need to pre-cath the first weekend of the month if it is a month when a new first year is starting in the Cath Lab.

3. Off-hour cases (i.e. interventional team) will have sheaths removed by the CCU fellow or on-call fellow.  
4. Balloon pumps will be removed by the CCU fellow.

5. Sheaths scheduled to be removed after 5:00pm (i.e. venous sheaths with ACT > 200 or arterial sheaths with an ACT > 170) can be signed-out to the fellow on-call.  In general, fellows are encouraged to pull all their diagnostic sheaths (unless the ACT is high)). Certain cases, such as peripheral vascular or cardiac cases with potentially complex sheath removal (large bore sheaths, non-standard access, severe peripheral arterial disease) may require the interventional ore more experienced fellow to supervise sheath removal.
6. For patients who have received bivalirudin (Angiomax) during their procedure, all sheaths should be emoved two hours after the infusion is discontinued regardless of the ACT.
In all situations, patient comfort and safety should be the highest priority.  Therefore, if any patient has evidence of bleeding or complications from a sheath being in place, the sheath must be removed immediately, irrespective of the time.  If there is any question as to the appropriateness of removing a sheath, fellows are instructed to contact the interventional cardiologist who performed the procedure, the interventional cardiologist on-call, or Dr. Nedeljkovic (beeper #0210).

Introduction to the Cath Lab for New First Year Fellows
First year fellows will meet with Dr. Zoran Nedeljkovic when they start the Cath Lab rotation for a general overview of their responsibilities.  Topics to be covered include:

1. Pre-cath workup

2. Peri-procedure orders

3. Obtaining informed consent for diagnostic cardiac catheterization and interventional procedures
4. Obtaining information:  prior procedures in the log books, operative reports, old films

5. Post-cath orders
6. Post-catheterization follow-up of inpatients
7. Sheath removal
8. Radiation protection

9. Conferences

In addition, the senior year fellows are always available to go over these topics.  The senior fellows will oversee each new first year fellow during his/her first few weeks in the Cath Lab.  The senior fellows will:

1. Assign appropriate procedures to the junior fellow  

2. Explain the cath table set-up 

3. Be available to review cath films

4. Explain how to do cath reports

Cath Lab Related Conferences
      There are seven Cath Lab related conferences:

1. Pre-Cath conference

2. Tuesday Med/Surg conference

3. Hemodynamic conference

4. Cath Lab Journal Club

5. Interventional Fellows’ Conference

6. Clinical Conference
7. Morbidity & Mortality conference
1. Pre-Cath Conference

Time: 
7:15am daily

Location:  

Cath Lab conference room

Attendance: 
Cath fellows, interventional fellows, attendings in the lab for the day, charge nurse

Purpose: 
Review cases for the day, indications, and pertinent patient history.  Protocol and 

 
equipment (i.e. sheath sizes, catheters, cardiac output, etc.) will be confirmed at 

 
this time.

Format:
Each fellow will present his/her patients using the format outlined in the pre-cath 

 
section.  It is always a good idea to listen to other presentations because patients
 
are frequently switched around later in the day.

2. Med/Surg Conference

Time: 
Tuesday, 7:30am

Location:

Cath Lab conference room

Attendance:
All fellows and cath attendings and cardiothoracic surgeons

Purpose: 
To review interesting/problematic patients and discuss therapeutic strategies

Format:   
   1. 
During the previous week, all cases with revascularization questions are

 


posted on a list outside the Cath Lab.  Monday morning the list is reviewed

and pertinent patients are selected for presentation.  Fellows should check the list on Monday to see if any of their patients are high-lighted.

 
2. 
Presentations should be concise and focused:

 

short history, pertinent PMH, exam, labs, EKGs, ECHO,  etc.



and statement of question being asked

3.   Hemodynamic Conference

      Time: 
On a rotating basis at 12:00pm

      Location: 
D8 conference room

      Attendance:    All fellows

      Purpose:
To review interesting hemodynamic tracings, cath lab topics

      Format: 
 
To be given by the interventional attendings

4.   Journal Club

      Time:
Friday after Pre-Cath Conference

 
Location:
Cath Lab conference room

 
Attendance:
Cath fellows and attendings

 
Purpose:
To review the recent articles of interest to Interventional Cardiologists

 
Format:
Organized by interventional fellows

5.
Interventional Fellows’ Conference


Time:
Wednesday after Pre-Cath Conference

 
Location:
Cath Lab conference room


Attendance:
Interventional Fellows and attendings (all fellows welcome)

 
Purpose:
To review technical features of coronary and peripheral cases and discuss didactic 

 

interventional curriculum


Format: 
Organized by attendings

6.
Clinical Conference


Time:
Monday 12 noon on rotating basis


Location:
D8 conference room

Attendance:
All fellows and attendings


Purpose:
M&M format with cath lab cases of general interest


Format:  
Organized by interventional fellows/attendings  

8. Cath Lab Morbidity and Mortality Conference

Time:
First Wednesday every other month after Pre-Cath Conference

Location:
Cath Lab conference room

Attendance:
Fellows and attendings, hospital QI staff
Purpose:
To review Cath Lab morbidity, complications, and mortality

Format:
Organized by fellows and attendings

Pre-Cath Duties
Pre-catheterization evaluation of patients is a vital part of our procedures.  Cardiac catheterization procedures transition from diagnostic to interventional quickly, and thorough evaluations allows planning of proper technique, assessment of risk, and allows the best clinical decision making. Complete review of the patient’s record as it pertains to their cardiovascular history is expected.
Procedures scheduled the following day are assigned in the late afternoon by the senior fellow.  The schedule will be found on-line on CardioSchedule.  Consent forms (one for diagnostic and one for interventional procedures) and manila folders are located in the fellows’ room.  Nearly all patients scheduled for diagnostic coronary angiography should be consented for an on-line intervention.  In-patients are evaluated the night before the procedure, consented, and pre-cath orders written in the chart.  If the patient is a six-hour or same day admission, he/she needs to be seen and examined prior to cath conference.  Elective patients are admitted directly to the Cath Lab holding room.  Pre-cath conference is held every morning at 7:15am in the conference room.  At that time, the order of the patients will be determined.

Information required for pre-cath conference (written on the outside of a manila folder).
1. Name of referring primary care physician/cardiologist and in-house attending

2. Indication for the procedure

3. Brief history with pertinent cardiac history - including results of ECHOs, stress tests, previous cath reports, previous CABG operative notes, previous PVD surgery operative notes  

4. If the patient had a previous cardiac catheterization at BMC, find the procedure log and make note of the technical data including previous access difficulties, catheters, wires, balloon and stent sizes.  You should also note untoward events such as vagal episodes and contrast reactions.  Procedure logs from October 1995 through the present can be found in Apollo.  Gwen will pull old films from storage if they are not in the digital archive (pre-2004).  If the procedure was at another institution, she can often have the films sent, but this can take 24 hours.  Try and view the films before the procedure.  If the patient had a catheterization procedure recently, you should know if Angioseal was used as in some cases, the opposite femoral artery may be used for access.

5. Pertinent past medical history including risks of bleeding, recent surgery, or trauma

6. Current medications

7. Allergies

8. Physical exam  - including pulse exam

9. Lab data - including CBC, Lytes, BUN, Cr, Glu, PT/INR and PTT (if appropriate)
10. ECG 
Consent is obtained and placed in the chart.  Please remember to stamp the consent form with patient’s nameplate or sticker.  Risks associated with the procedures are listed below:

	Diagnostic Procedure
	Interventional Procedure
	Restenosis

	Death
	0.3%
	Death
	1.5%
	Balloon
	30-40%

	MI
	0.4%
	MI
	5.0%
	Stent-BMS
	15-20%

	Stroke
	0.2%
	Emergent CABG
	0.4%
	Stent-DES
	<10%

	Vascular
	
	Abrupt Closure
	1.0%
	
	

	   Major
	1.5%
	Vascular
	
	
	

	   Minor
	3.0%
	   Major
	2.5%
	
	

	Dialysis
	0.5%
	   Minor
	5.0%
	
	

	   
	
	Dialysis
	1.0%
	
	


Typical Pre-procedure orders (On-line):

1. NPO after midnight

2. On Call to cath lab

a.  Void

b.  For patients on low molecular weight heparin, hold am dose

3. If on a diuretic, hold AM dose

4. If on an oral hypoglycemic, hold AM dose

5. If on insulin, ½ dose NPH in am and hold regular insulin

6. IVF - NS at 100cc/hr to start midnight before the procedure with the following exceptions:

a. For diabetics – D51/2 NS

b. For patients in CHF or with severely depressed LVEF, restrict the volume (1/2 NS)

c.    For patients at increased risk 

NS @ 100cc/hr to start midnight before procedure 

      for contrast induced nephropathy 
and adequate po hydration

      but normal serum creatinine  


d.  serum creatinine 1.5 - 3.0*


NS @ 100cc/hr to start midnight before procedure






and replace urine output

e.  serum creatinine > 3.0*


NS @ 100cc/hr to start midnight before cath 







and replace urine output and consider renal 

 





consult

f.  dialysis patients



Arrange for dialysis after procedure (call Renal before)
7. For contrast allergy - Prednisone 60mg po q12 x 4 doses to start the night before the procedure.  

 
The morning dose should be given prior to the procedure.

8. Metformin should be held on the day of the procedure and for 48 hours thereafter.

9. Pre-medication is usually given in the Cath Lab.
Pre-PCI Orders:

All pre-cath orders plus

    1 
Aspirin 325mg po x 1 morning of procedure (and evening before)

    2. 
Selected stent patients will be started on Plavix before the procedure (600mg x1 at the discretion of the interventionalist)

    3.  
Type and cross

Documentation:

A pre-printed note for patients receiving conscious sedation should be filled out on all patients.  This Pre-Procedure Conscious Sedation Form is available in the Cath Lab holding room and fellows room.  This note includes the American Society of Anesthesiology (ASA) classification (i.e. I, II, III, etc) and incorporates the Mallampati classification.  Please see the teaching board in the fellows’ room for criteria for assigning these classifications.  All patients are required to have this documented in the medical record in accordance with the hospital’s Conscious Sedation Policy.  
Anesthesia consults are generally obtained for patients with a history of obstructive sleep apnea particularly forpatients using CPAP.  The ultimate decision as to whether a consult is necessary rests on the cath attending, so discuss with him/her if you have any questions.  If the patient requires a consult, be sure to let Gwen know so that we can arrange for Anesthesia to see them prior to their procedure.  
Pre-cath conference:
At conference, you will be asked to present your patients for the day utilizing the format and the information outlined above.  At the end of the presentation, you will need to give the following information to the staff:

1. RHC, LHC, LV gram

2. Right or left groin

3. Sheath sizes

4. Intravenous meds 

5. Diabetic, and if so, on insulin

6. Serum creatinine

7. Candidate for a Glycoprotein IIb/IIIa inhibitor and/or drug-eluting stent
8. Allergies

9. ASA class (American Society of Anesthesiologists)

Class I
Normal healthy individual

Class II
Patient with mild systemic disease

Class III
Patient with severe systemic disease that is not incapacitating

Class IV*
Patient with incapacitating systemic disease that is a constant threat to life

Class V*
A Moribund Patient who is not expected to survive 24 hours 

*  Class V requires anesthesiology consult

Sheaths
Principles:

4. 1 French = 1/3 mm or 0.33mm

i.e. 6F = 2.0mm, 7F = 2.33mm, 8F = 2.66mm, 9F = 3mm, 10F = 3.33mm.

5. Need sheath at least equal in diameter to the catheter going through it.  Some catheters will require ½ size larger sheath.

Sheaths frequently used at BMC:

6 French:


Diagnostic cases






Brachial or radial cases






PVD is present






Access through femoral bypass graft






Interventional cases

7 French:









Rotational atherectomy






Some interventional procedures (bifurcation PCI, etc.)

8 French:


Swan placement (vein)






Some Interventional Procedures (artery and vein)






Intra-aortic Balloon

Long sheaths considered for:
Tortuous iliacs






Obese patients

8-10 French:

              IABP, comes with kit

9 French                                      
Endomyocardial biopsy (right IJ)

Check List for Sheath Removal
1. Check an ACT.  Pull the arterial sheath when the ACT < 170.  Venous sheaths are ready to be pulled when ACT < 200.

2. You will need gown, gloves and mask/eye protection.

3. A nurse or cath tech should be present.

4. Give the call light and the TV remote control to the patient.

5. Position the patient correctly - with leg externally rotated, flat in bed

6. Premedicate as indicated with:

SC Lidocaine

IV Morphine

7. Have IV Atropine nearby at the bedside - vasovagal reactions with sheath pulling are extremely common!

8. Recommended holding times for manual compression for 6 French sheaths in the artery and 8 French sheaths in the vein.  The time should be increased for larger sheath sizes in the artery.  If C-Clamp is used, all times are 5-10 min longer.

Diagnostic:

    Arterial
15 minutes

    Venous
  5 minutes

Interventional:

   Arterial (with IIb/IIIa agent)
40 minutes

   Venous (with IIb/IIIa agent)
10-15 minutes

   Arterial (without IIb/IIIa agent)
30 minutes

   Venous (without IIb/IIIa agent)
10 minutes

IAB



40 minutes



9. Do one final groin check before leaving the room

10. Note in chart - ACT at time of pull:

· type of compression and duration

· any complications

· pulses/hematoma

Techniques for Sheath Removal
Anatomy:

The artery is lateral to the vein by about 1-1 ½ cm, and the artery courses under the inguinal ligament at a point midway between the anterior superior iliac spine and the lateral pubic tubercle (a helpful point for obtaining access when there is no blood pressure).  The goal of the femoral arterial puncture is to hit the artery 1-3cm below the inguinal ligament over the femoral head, a point which in most people requires entering the skin in the inguinal crease; however, this is not the case in very thin or obese people.  Before you pull sheaths, note where the entry site is, and note where the femoral pulse proximal to the sheath is.  After the sheaths are pulled, the exterior landmarks may look different.

Premedication:
Sheath removal is easiest when the patient is pain free and normotensive.  Therefore, patients should receive IV Morphine or Demerol for comfort if appropriate.  If the patient is hypertensive, SL NTG can be used to decrease the systolic blood pressure to less than 140 mmHg.

Positioning:
The patient should be flat in bed with leg externally rotated.  For manual compression, make sure that the bed height is comfortable for you and the patient is not too far from the edge of the bed.  It is easier if the patient voids before you start and, always make sure the TV is on if the patient desires.

Venous sheath removal:
Remove the venous sheath first.  If hemostasis is not achieved within 10 minutes check another ACT before removing the arterial sheath.  Cut the stitch holding the sheath in place.  Position your first three fingers medial to the course of the artery, just proximal to the site of the sheath entry.  As you pull back on the venous sheath allow a small bit of back bleeding and gently compress for 5-10 minutes.

Femoral arterial sheath removal:
Once adequate hemostasis has been obtained on the venous side, the arterial sheath can be removed.  For right groin sheaths, position your first three fingers of your left hand along the course of the artery.  Your index finger should be just proximal to the skin entry site, and you should be able to feel the femoral head underneath.  In obese patients it may be necessary to move or tape the pannus, but use the femoral head and arterial pulse as your guides, not the site where the sheath leaves the skin.  Instruct the patient to breathe easily.  The natural response is to hold their breath and bear down, but this is the last thing you want (valsalva maneuver with increase pressure on the femoral artery).  Cut the stitches and pull the sheath while compressing over the femoral pulse and head.  Initially allow a small bit of back bleeding.  For the first 10 minutes, you want to compress but not totally occlude the femoral artery, leaving a trace distal pulse.  (Totally occlude pulse ( 1 minute).  After the 10 minutes or so, it is okay to ease up the pressure while maintaining hemostasis.  At the end of the allotted time, ease off over 2-3 minutes.  If blood spurts out then you are back to the beginning and you need to reapply pressure and think about checking another ACT.  If oozing appears, reapply pressure for 10 minutes and try again.  If it looks good, check the groin again in a few minutes.

Techniques for Sheath Removal (cont'd):
Radial TR band removal:

Radial sheaths are removed immediately after the procedure, and hemostasis is achieved acutely with a compression band (‘TR band’ or equivalent).  
Post procedural TR band removal:

· Two hours after sheath is removed, deflate 3-6 cc of air from cuff.  Monitor for 5-10 minutes (5 for diagnostic, 10 for fully anticoagulated, post PCI patients), and repeat, removing another 3-6 cc of air from the cuff every 5-10 minutes until all air has been removed.  If bleeding occurs, re-inflate with another 3-6 cc’s of air and repeat deflation attempt after 30 minutes.

IABP Removal:

After the patient has been weaned appropriately, turn the balloon off.  Put negative pressure on the balloon port to decompress the balloon.  Once this is done, pull the balloon back until you feel the proximal part reach the sheath.  Pull out the entire unit (sheath and balloon) and allow some back bleeding as you may dislodge clot from the device as you bring it out.  Compress the artery either manually or with the C-Clamp; using the C-clamp is strongly recommended as compression is usually needed for a minimum of 40 minutes.  A more senior fellow should assist you with your first balloon removal.

Femostop:

Under circumstances where prolonged compression over the arteriotomy site is needed, this device may be used.  Check with one of the PAs or interventional fellows before using this device.

Possible Complications

1. Hematoma - Risk factors are obesity, inability to lie flat, hypertension, and anticoagulation.  If a hematoma appears during a manual hold, you are incorrectly positioned.  Reposition your hand and call for help if the hematoma continues to grow.  If a hematoma is noticed after a patient is back on the floor, compress the artery again for up to 15 minutes.  If the patient is on heparin or a IIb/IIIa receptor blocker, call the angiographer and discuss the situation (i.e., find out if the dissection was so large that the patient needs to be kept on heparin or IIb/IIIa agent at all costs).  Demarcate the extent of the hematoma and check frequently.  It may be worthwhile checking a hematocrit as well.  If this is falling, consider the possibility of a retroperitoneal bleed and ascertain the need for an abdominal CT.  Also check for a bruit.  A new systolic bruit may reflect a newly raised flap.  A continuous bruit is an AV fistula.  If a hematoma is pulsatile, a pseudoaneurysm must be ruled out.  Call for a vascular medicine consult and arrange for an echo/doppler.

2. Loss of Pulse - The mere placement of a catheter causes significant reduction of flow in normal arteries for up to 48 hours.  On occasion there will be loss of distal pulses.  Two keys in management are to get vascular medicine involved early and to heparinize 2-4 hours after the sheaths are out.  If the foot is warm, usually no acute intervention is necessary.  If the foot is pulseless and cold, then urgent surgery may be required.

Radiation Safety
Massachusetts Department of Public Health regulations require that all physicians who operate fluoroscopy equipment in the state are required to have annual documented fluoroscopy radiation safety training.  At Boston Medical Center, physicians who operate fluoroscopy equipment must first complete an initial training program consisting of an on-line component (PowerPoint slide presentation and on-line quiz) followed by a hands-on lab. Passing the quiz is a prerequisite for taking the lab. In subsequent years annual training consists of the on-line component only that must be completed by June 30th.

The link to the on-line program is:  http://dccwww.bumc.bu.edu/fluoroscopy/Default.htm
During summer school and your Cath Lab rotation, a member of the radiation safety department will be speaking with you to address radiation protection while in the Cath Lab.  While the FDA allows 5 REM (5000mREM) exposure per calendar year, our aim is to minimize radiation exposure.  This can be accomplished by the following:

1. Limit Fluoro time

2. Maximize distance from radiation source

3. MAXIMIZE SHIELDING:  

· always wear lead in the Cath Lab
· ceiling mounted lead shield should be positioned correctly

· lead curtain attached to table

4. Collimation of cine runs

5. Limit the number of cineangiograms

Radiation Badges:

Each fellow will receive 2 badges on a monthly basis.  One is to be worn on the outside of the lead up by the neck.  The other is to be worn under the lead at your waist.  The record of your exposure is posted outside the Cath Lab.  The shallow and deep numbers reflect exposure to the skin and 1cm deep respectively.  The exposure underneath your lead should read minimal.  If it doesn’t, check with the Cath Lab staff member overseeing radiation safety.

If you use someone else’s lead for a case, you MUST remove their radiation badges that are usually left attached to the lead and then replace them following the procedure.

Always hang up lead on the proper rack after each case; only one lead per rack.

Post Cath Orders
If a coronary intervention is performed, the interventional fellow will write post-cath orders.  In all other cases, post-cath orders are the responsibility of the diagnostic fellow and must be done immediately upon completion of the procedure.  Orders are entered electronically using Sunrise Clinical Manager.  Select "Cardiac Cath Post Procedure Orders" template under the Cardiology/Admit order headings and follow the prompts.  Typical post-cath orders include:

1) 
Disposition order (if patient is going to a unit other that that from which he or she came).

2) 
Order to resume diet.

3) 
Orders pertaining to access site (groin inspection, assessment of distal pulses, sheath management, duration of bed rest).  Orders will vary depending on whether or not a vascular closure device was used.

4) 
IV fluids - typically 1 liter of saline at 150-200 cc/hr.  If patient is dry or has elevated creatinine, greater volume is appropriate.  If patient is volume overloaded or has significant LV dysfunction, lesser volume and/or slower infusion may be appropriate.  Patients with renal insufficiency should generally be more aggressively hydrated after (as well as before) angiography.

5)
If the patient is volume overloaded or has significant LV dysfunction, order standing dose or prn IV Lasix to avoid worsening congestion.  

6) 
If the patient was started on intravenous medication in Cath Lab (e.g. IV nitroglycerin, dopamine), be sure to include it in your orders along with appropriate titration parameters.

7)
If the patient has an indication for IV heparin (eg. LV thrombus, atrial fibrillation, mechanical valve),  restart heparin 4 hours after arterial sheath is removed with a bolus dose or 2 hours after sheath removed (or arterial closure device used) without a bolus dose (provided there is no significant access-site bleeding).  Patients who have a balloon pump placed should leave the Cath Lab on IV heparin.

8) 
Occasionally, a patient going for urgent CABG may have sheaths left in place for surgery (some patients with significant left main stenosis) - check with the procedure attending cardiologist or surgeon if this is in question.  If the arterial sheath is left in place, the patient should leave the lab on heparin.

9) 
Orders will have to be tailored to the particular patient and circumstances.  For example, patients suspected of having access site bleeding should have serial determination of hematocrit and type and screen.  Patients with renal insufficiency should have a creatinine checked the following day.  Patients receiving high contrast load may require several liters of fluid over 24 hours with IV Lasix every 4-6 hours to keep intake/output even.

Post-procedure follow-up
Fellows are expected to be involved in the post-procedural management and follow-up of patients following diagnostic and interventional procedures.  Patients should be seen the next day following the procedure and a post-procedural note should be entered in SCM.  There is a template for the post-procedural note in SCM to assist in documentation.
Cath Reports
The fellow is responsible for generating a cath report for every procedure (even if it is an interventional procedure).  It may seem tedious, but after some practice with the system, it should only take about 10 minutes per report.  The key things you need to do are:

1. After the procedure, review the preliminary report in SCM (with the attending).  .
 
Review images with the attending.  You should make note of all relevant anatomy and coronary lesions (type and severity of stenosis).  Use the Xcelera LV analysis in the fellows’ room to calculate an ejection fraction post-hoc (ask a senior fellow for help with this).

2. Hemodynamics should be reviewed in Witt.  Valve area calculations are done in Witt as well (aortic or mitral stenosis cases).  Zoran Nedeljkovic will teach you how to perform all the hemodynamic calculations in Witt for valve cases, but a senior fellow will teach you the basics of this system.

3. Generate a cath report using the Apollo program.  A senior fellow will show you how to do this.

The following instructions are meant to help guide you through the system, but it will take some practice.  

1.  Double click the Apollo icon.

2. Username = first two letters of your first name and last name (up to 8 letters), then hit tab.

Password – will be assigned.  Hit enter.
Select "Catheterization" and "All cath records by date."  This will call up a list of all the cases up through and including the most recent.  Find the patient for whom you will be creating the report and double click on their name.

3. There are basically 9 different pages to the cath report, but there are only a few that have to be entered by the fellow.  The remaining pages are entered by the staff recording the case.  Nevertheless, you should always review everything, as reports that contain misspellings or typographical errors will be returned for correction.  Ultimately, the final report is a reflection on the Cath Lab and Cardiology service at BMC, so it is important to be meticulous.  You can scroll down each of the pages using the Page Up/Page Down button or using the scroll down list with the mouse.

4. Event Identifiers/Personnel: This field is entered by the staff at the time of the case.  It includes the cath lab attending, junior fellow, fourth year fellow (if present), nurses, and staff that are in the room during the case.  You should make sure that there is an account number in the upper right hand corner (this ensures that the case is sent to SCM).  Each admission to the hospital for a given patient is associated with an account number (not the same as the MR number) and it is usually there, but occasionally it is not in which case you have to look it up in SCM.  Be certain the primary care physician and referring cardiologist are correct and that your name is entered in the correct place.

5. Diagnosis/Indications:  Enter the indication for the procedure.  Simply click in the field and choose an indication from the scroll down list.  The bottom half is filled by the staff (i.e. right and left heart cath, left heart cath only, etc) but make sure it is correct.  Occasionally, we plan to do a ventriculogram and then don't do it, so make sure the procedure is the one that was actually performed.

6. Patient Checklist/Medications:  Nothing to do on this page.

Cath Reports (cont'd):

7. 
Procedure Description and Log:  This contains notes from the case as they are typed in by the staff.  This is where you will find information on equipment used during the case.

8.
Equipment/Complications:  Data in this field are imported from Q-cath and entered by the staff.

9.
Post Procedure Information:  This field is not used.

10.
Procedure Outcome I:  This is where the report is actually generated.  There are several fields to enter.

The first is hemodynamics.  This is where one would enter any abnormal pressures or information regarding valve areas.  If you click on the toolbar "Patient Records" and click open the case you are working on, you will find a field for Hemodynamics where all the pressures that are saved in the case are stored.  The hemodynamic field also has the oximetry and cardiac output data (which may also be reported in the hemodynamic section--see examples below).  Please be certain the hemodynamics are plausible (e.g. PCW rarely higher than PAD) and if they are not, the senior fellow will show you how to “smooth” the tracings.
The remaining fields are self-explanatory and you write the degrees of stenosis in the left main, left anterior descending, left circumflex (including the ramus intermedius), and the right coronary artery.  Be sure to indicate whether it is a right, left, or co-dominant circulation.  The last field is for grafts, if any are present.

11. Procedure Outcome II:  


The first field is where the description of the left ventriculogram is recorded including the calculated ejection fraction.  Remember to mention if there is any mitral insufficiency.


The second field is where descriptions of any interventional procedures are recorded.


The third field is for any other information (i.e. aortic root angiography, aorto-iliac angiography, IABP placement, etc.)

12. Procedure Outcome III:

 
The first field is the Summary of Findings.  This is the overall conclusion from the cardiac catheterization (i.e. Triple vessel coronary artery disease, severe aortic stenosis, successful stent placement in the proximal left anterior descending artery, etc.)

 
The second field is the Plan.  This is what the recommendations are (i.e. Standard recommendations including aspirin indefinitely, clopidogrel for at least 6 or 12 months, and cardiac risk factor modification; Recommend (elective, urgent, emergency) CABG, etc.)

13. Coronary Anatomy Editor (on the toolbar):  This is where the coronary diagram is generated. It also has three fields to enter.

 
The first field is the Anatomy.  This is where you would select right, left, or co-dominance to create an appropriate template.  In this mode, if you double click on a vessel, it will remove it (i.e. ramus if not present).

 
The second field is Lesion.  Double click on where you want to add a lesion.  Then, right click and select the stenosis.  If you make a mistake, you can drag the lesion to another location and it will change its label.

Cath Reports (cont'd):

The third field is Grafts.  For this, click the "Add" icon on the toolbar.  It will ask you what kind of graft (i.e. single, sequential, or Y-graft) and then prompt you with instructions on how to draw it.  You can then switch back to the Lesion mode if there are any lesions in the grafts.

14. To generate the final report.

Click the Patient Reports icon on the toolbar (looks like a bound book).  There are two tabs in this window:  New and Existing.  The Existing field has all the other cath, echo, and stress reports for that patient.  To generate the report you just created, in the New field, click on the Standard Cath Report template, and then click Open.  This takes a few seconds, but the report comes on the screen on the letterhead it will appear on.  Review it for any errors.  If you do need to make any changes, left click in the field you want to change and click the Edit icon in the upper left corner.  This ensures that any changes you make are saved in the database.  If everything looks good, print the report and sign it.  Attach the pages with a paper clip and put them on the secretary's desk in the Cath Lab.

Examples:

For typical CAD procedure with on-line procedure:

1. Hemodynamics demonstrated elevated left heart filling pressures with a left ventricular end-diastolic pressure of 32mmHg.

2. Angiography demonstrated two-vessel coronary artery disease.

     a.  There is a 90% stenosis in the left anterior descending artery.

     b.  There is an 80% stenosis in the right coronary artery.

3. Ventriculography demonstrated inferior hypokinesis with a global ejection fraction of 45%.

4. After successful placement of a stent in the left anterior descending artery, there was a residual 10% stenosis.  After angioplasty of the right coronary artery, there was a residual 20% stenosis.

For a typical valve procedure:

1. Hemodynamics demonstrated critical aortic stenosis with a mean transaortic gradient of 50mmHg, cardiac output of 4.5L/min, and an aortic valve area of 0.6cm2.  The mean pulmonary capillary wedge pressure was 14mmHg.

2. Left ventriculography demonstrated a normal left ventricle with a global ejection fraction of 74%.

3. Coronary angiography demonstrated a right dominant circulation and normal coronary arteries.

Contrast Policy

       Non-ionic contrast (Isovue) is now used routinely.  
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In this section we will review our most frequently used Cath Lab protocols.  These approaches give the general order we follow during various Cath Lab procedures.  They are not intended to provide the complete format for a given procedure, but only to orient the inexperienced operator to the sequence of events during the most commonly seen studies.

The following protocols outline steps for cardiac catheterization via the femoral approach.  Transradial left heart catheterization, coronary angiography, and PCI is increasingly being performed.  The protocol for transradial access is outlined below.

Transradial Access (via the right radial artery)

1. Perform modified Allen’s test to assess integrity of palmar arch circulation.  The pulse oximeter is placed on the thumb.  Note the waveform and oxygen saturation at baseline.  With simultaneous manual occlusion of the radial and ulnar arteries there will be flattening of the waveform and loss of the oximeter reading.  Return of the waveform with release of the ulnar artery indicates the presence of an intact palmar arch.

2. 1% Lidocaine is used for anesthesia over the puncture site of the radial artery

3. Introduce 6 Fr sheath into the radial artery

4. Flush with heparin and give 5 mg verapamil through the side arm of the sheath.  Some operators give 2.5 mg verapamil and 200-400 mcg intra-arterial nitroglycerin

5. Advance wire into ascending aorta and give heparin bolus 5000 IU intravenous

6. Advance catheters into ascending aorta and perform all catheter exchanges over 260 cm (long) wire

I.   Left Heart Cath, LV gram, coronaries

This is the usual protocol for the diagnosis of uncomplicated coronary artery disease (no indication for right heart catheterization).

1. Place a 6 French sheath in femoral artery.

2. Advance pigtail catheter to ascending aorta.  Aspirate and discard, then fill pigtail with heparinized flush.  Record Ao pressure.

3. Prolapse pigtail into LV, record LV pressures.

4. Perform 3cc test injection with MedRad power injector.

5. Cine LV gram in 30 RAO (or LAO).

6. Record LV to Ao pullback.

7. Change to a left Judkins catheter (JL4) and cine left coronary views (usually 5 views).

8. Change to a right Judkins catheter (FR4) and cine RCA (usually 3 views).

9. Cine arteriotomy site in 40 RAO (LAO if left groin) to ascertain if a closure device can be deployed - then deploy closure device.

10. If not a candidate for closure device, then sheaths are removed with manual compression.

11. Remove sheath and obtain hemostasis by local pressure.

II.  Coronary angiography followed by left ventriculography
This protocol seems safer for unstable patients with recent symptoms and the one we use most frequently.  The protocol is basically the same as above except coronary angiography is performed prior to left ventriculography.  Additionally, these patients frequently come to the lab on heparin for treatment of their acute coronary syndrome and we usually do not reverse this at the end of the procedure.  Again, an ACT should be checked and (if the patient is not a candidate for a closure device), sheaths would be left in or removed only when the ACT is less then 170 seconds.
III. Bilateral catheterization with left ventricular angiography, coronary angiography
A bilateral heart catheterization is appropriate for coronary patients with overt left ventricular dysfunction, congestive heart failure, acute pulmonary edema, and unexplained dyspnea on exertion, valvular or congenital heart disease, or post-MI.

1. Place an 8 French sheath in the femoral vein and a 6 French sheath in the femoral artery.
2. Advance right heart catheter to SVC and obtain blood samples for O2 saturation.

3. Withdraw catheter to IVC and obtain O2 saturation.

4. Advance catheter to RA and record pressure.

5. Advance to RV and record pressure.

6. Advance to PA and wedge catheter and record pressure.

7. Confirm wedge by deflating balloon and recording mean pressure rise, then record phasic PA pressure and obtain PA O2 saturation.

8. Advance pigtail catheter to ascending Ao, aspirate then record pressures.

9. Enter LV and record LV pressure.  Check PCW vs. LV pressure if any suspicion of mitral stenosis is present.

10. Perform ventriculography as above.

11. Record LV to Ao pull back.

12. Left coronary exam as above.

13. Right coronary exam as above.

14. Remove catheters as above.

IV. Bilateral catheterization for valvular heart disease

     AORTIC STENOSIS

1. Place an 8 French sheath in femoral vein and flush.

2. Place a 6 French sheath in femoral artery and flush. 

3. Advance Swan Ganz catheter to SVC and obtain O2 saturation.

4. Withdraw to IVC and obtain O2 saturation.

5. Advance to RA and record pressure.

6. Advance to RV and record pressure.

7. Advance to pulmonary capillary wedge and record pressure and then deflate balloon on mean to record the appropriate rise in mean PA pressure; then record phasic PA pressure.

8. Obtain PA O2 saturation.

9. Advance dual lumen pigtail to ascending Ao.

10. Record central Ao pressure.

11. Using a Touhy hemostatic device attached to the hub of the Pigtail catheter to control bleeding, insert a 0.035-inch straight movable core wire into the pigtail and cross the aortic valve.  Each attempt to cross the valve is limited to 3 min. to prevent thrombus formation on the wire and possible embolic events.  Every 3 min. the wire is removed, wiped and the pigtail double flushed.

12. Record simultaneous LV/Ao side arm pressures and LV/PCW pressures.

13. Determine assumed Fick and thermodilution cardiac outputs.  Obtain PA O2 saturation and Ao O2 saturation samples and hemoglobin for a Fick CO calculation.

14. Repeat LV/Ao, PA, and LV/PCW pressures in Fick condition.

15. Review resting data and decide if intervention is needed (arm exercise, infusion of positive inotropes).

16. Perform intervention if needed and repeat pressures and cardiac output determination.

17. Left ventriculography.

18. Record LV to Ao pull-back.

19. Left and right coronary examination as above.

20. Remove catheters as above.  Special care is required in significant AS cases to avoid loss of preload and hemodynamic compromise.

     MITRAL STENOSIS

1. Place an 8F sheath in the femoral vein and a 6F sheath in the femoral artery.

2. Same as above #3-9.

3. Advance pigtail into LV and record pressures.

4. Record simultaneous LV and PCW on 40scale.

5. Determine Fick and thermodilution cardiac outputs.

6. Repeat LV and PCW pressures.

7. Reverse transducers and record pressures again (to insure an accurate gradient).

8. Perform left ventriculography.

9. Perform right and left coronary examinations.

10. Remove sheaths as above.

     AORTIC INSUFFICIENCY

     To evaluate aortic insufficiency, an aortic root angiogram is performed in addition to the standard left heart cath procedure above.  The general approach to these cases is as follows:

1. Place an 8F sheath in the femoral vein and flush.

2. Place a 6F sheath in the femoral artery and flush.   

3. Advance a monitoring catheter over a wire into the right atrium and record pressure.  (Some operators may elect to obtain screening O2 saturation samples at this point that are done as explained above.)

4. Advance catheter to RV and record pressure.

5. Advance catheter to PA, wedge catheter and record pressure.  Deflate balloon or withdraw catheter to confirm PCW and record phasic PA pressure.

6. Advance pigtail to ascending Ao and record pressure.

7. Perform left ventriculography.

8. Record LV to Ao pull back gradient.

9. Cine aortic root shot in the LAO projection.  Med/Rad setting 50/25/.5.

10. Left coronary exam as above.

11. Right coronary exam as above.

12. Remove catheters as above.

    Of note, because of the large pulse pressure and peripheral augmentation seen in aortic insufficiency, 

    special care must be taken during sheath removal to avoid serious blood loss and vascular  

    complications.
     MITRAL INSUFFICIENCY

     The same principles described for an AI procedure apply to an MR procedure.

1. Place sheaths as above.

2. Advance right heart catheter to PA measuring pressures in each chamber as above.

3. Advanced a 6 French pigtail to ascending Ao and record pressure.  An angled pigtail is preferable as it is less likely to induce MR during ventriculography.

4. Advance catheter into LV and obtain pressures.

5. Perform left ventriculography.  Catheter position is extremely important in this situation so as to avoid ectopic beats or entrapment of the pigtail in the mitral valve apparatus, which can make quantification of the degree of MR more difficult.  In general, a total of 45 cc of contrast is injected at 15 cc/second to adequately assess the degree of MR.
6. Record LV to Ao pull back.

7. Left coronary exam as above.

8. Right coronary exam as above.

9. Remove catheters as above.

V.  Bilateral catheterization for evaluation of possible intracardiac shunt

This protocol is used to evaluate the possibility of an intracardiac shunt.  The goal of this procedure is to quickly obtain blood samples throughout the right and left heart for O2 saturation measurements and eventual calculation of an intracardiac shunt.

It is important that the blood samples are drawn within a small time span (generally 8 minutes) so that they represent a steady state collection.  .

1. Place an 8 French sheath in the femoral vein and flush.

2. Place a 6 French sheath in the femoral artery and flush.

3. Advance catheter to RA, RV, PA and record pressures in each chamber.

4. Obtain an assumed Fick cardiac output.

5. Perform an oximetry run as follows:

Location blood sample





Right PA







Left PA








Main PA





RV outflow







RV mid







RV apex







High SVC





Low SVC







High RA







Mid RA







Low RA








High IVC






Low IVC





AO






If an ASD is suspected, an attempt to cross the ASD for a left atrial blood sample is indicated.  Additionally, if successful in crossing into the left atrium, a left atrial angiogram is often obtained.  This is done with a pigtail catheter or if necessary a Gensini catheter.  The camera angle is frequently 40( LAO and 20( of cranial.  Following the oximetry run, the data are analyzed to make sure that adequate collections were obtained and that all the information necessary is available.  If there are questions about any of the data, or too long a period of time elapsed during the collection, the oximetry run should be repeated.  The remainder or the study follows as usual:

6. Left ventriculography as above.

7. Left coronary exam as above.

8. Right coronary exam as above.

9. Remove sheaths as above.
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