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Preface
This manual has been developed, overseen, and approved by all appropriate attending physicians.  The purpose of Protocols and Guidelines for Pediatric Perfusion is to improve the continuity and quality of care provided by perfusion services at the University of Michigan Medical Center.  To that end, this manual presents the basic information necessary for the safe and effective conduct of pediatric perfusion as suggested by the Essentials and Guidelines for Perfusion Practice of the American Society of Extra-Corporeal Technology.  Accordingly, the Essentials and Guidelines for Perfusion Practice are included as a reference and serve only as basis for the protocols and guidelines that follow.  The procedural information contained herein is not intended to replace common sense and good judgment.  The appropriate course of action in any situation is dictated by a combination of policy, common sense, and experience.  Meaningful communication, however, between the perfusionist, the attending surgeon, and anesthesiologist is essential whenever a serious departure from established protocols and guidelines is undertaken. 
Section 1: Equipment Selection

Equipment Selection Criteria

General Criteria

· Unless specified otherwise, all equipment is selected on the capacity of any given device to perform safely and effectively according to the published manufacturer specifications with respect to the blood flow rate prescribed for a patient by the following chart.
Table 1: Estimated Blood Flow Rate per Kilogram Weight
	Patient Kilogram Weight
	Blood Flow Rate

	0 - 3 kg
	200 ml/kg/min

	3 - 10 kg
	150 ml/kg/min

	10 - 15 kg
	125 ml/kg/min

	15 - 30 kg
	100 ml/kg/min

	> 30 kg
	 75 ml/kg/min

	>55 kg
	65 ml/kg/min


Specific Criteria

Oxygenator

· Do not select an oxygenator whose published manufacturer recommended blood flow rate range is exceeded by the blood flow prescribed for any given patient by the chart above.
Arterial Filter 

· It is not recommended to exceed the published manufacturer recommended maximum flow rate of a selected arterial filter.
· Leukocytes depleting arterial line filters are to be used on all heart and/or lung transplants.
Table 2: Circuit Component Selection Guidelines
	Oxygenator Selection Guidelines

	Type
	Terumo Baby-RX
	Terumo SX10
	Terumo SX18

	Criteria
	< 1500 ml/min
	> 1500 < 4000 ml/min
	> 4000 ml/min


	Arterial Filter Selection Guidelines For Non-Transplant Cases

	Type
	Capiox Infant
	Intersect Pediatric
	Jostra Quart

	Criteria
	< 2500 ml/min
	> 2500 < 3000 ml/min
	> 3000 ml/min


	Arterial Filter Selection Guidelines For Transplant Cases

	Type
	Pall Leuco-Guard 6

	Criteria
	< 6000 ml/min


	Tubing Pack Selection Guidelines For Single Atrial Cannulation

	Type
	Neonatal

3/16 - ¼


	Infant

¼ - ¼


	Pediatric

¼ - 3/8
	Small Adult

3/8 – 3/8
	Adult

3/8 – ½

	Criteria
	< 800 ml/min
	> 800 < 1278 ml/min
	> 1278 < 2898 ml/min
	> 2898 < 4000 ml/min
	> 4000 ml/min


	Tubing Pack Selection Guidelines For Bicaval Cannulation

	Type


	Neonatal

3/16 - ¼


	Infant

¼ - ¼


	Pediatric

¼ - 3/8
	Small Adult

3/8 – 3/8
	Adult

3/8 - 1/2

	Criteria
	< 800 ml/min
	> 800 < 1566 ml/min
	> 1566 < 3000 ml/min
	> 3000 < 4000 ml/min
	>4000 ml/min


	Pump Boot Selection Guidelines

	Type
	3/16”
	¼”
	3/8”
	½”

	Criteria
	< 700 l/min
	> 700 < 1300 ml/min
	> 1300 < 2700 ml/min
	> 2700 ml/min


	Cardioplegia Delivery System Selection Guidelines

	Type
	Pediatric MUF/ 4:1 CP
	Adult 4:1 CP

	Criteria
	< 15 kg1
	> 15 kg


	Autotransfusion Selection Guidelines

	Type
	225 ml Haemonetics Cell Saver 5

	Criteria
	> 15 kg


· The surgeons may want to MUF selected cases > 15 kg.  These selected cases may include those involving Jehovah’s Witness patients, those only requiring a short CPB run like ASD repairs, or those which may not require blood product transfusion.  It is the perfusionist’s responsibility to ascertain the surgeon’s wishes on these selected cases.
· The surgeons may want to MUF selected cases > 15 kg in which case it is probably not necessary to use autotransfusion.  It is the perfusionist’s responsibility to ascertain the surgeon’s wishes on these selected cases.
Equipment Selection Guidelines per Surgeon

Table 3: Dr. Bove
	Procedure
	Small Flexible Sucker
	LV Vent
	Retro-grade CP
	CP Y &

Ao root cannula

See Note #3
	Arterial

Cannula

See Note #2
	Single

Atrial

Cannula
	Bicaval

Cannula

	Truncus Arteriosus
	X
	X
	possible
	X
	DLP wire reinforced
	X
	

	PAPVR / TAPVR
	X
	
	
	X
	DLP wire reinforced
	X
	

	Arterial Switch
	X
	See Note #1
	possible
	X
	DLP wire reinforced
	
	X

	Norwood
	X
	
	
	X
	DLP wire reinforced
	X
	

	BDG / Hemi-Fontan
	2
	See Note #2
	
	X
	DLP wire reinforced
	X
	

	Fontan
	2
	
	
	X
	DLP wire reinforced
	X
	

	ASD
	X
	
	
	X
	DLP wire reinforced
	See Note #3
	See Note #3

	VSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	AVSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	TOF
	X
	X
	
	X
	DLP wire reinforced
	
	X

	RV-PA Conduit
	X
	X
	
	X
	DLP wire reinforced
	X
	

	Sub-Aortic Resection
	X
	X
	
	X
	DLP wire reinforced
	X
	

	AVR/MVR/TVR
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Konno
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Interrupted Aortic Arch
	X
	
	
	X
	2 DLP wire reinforced
	X
	

	Ross
	X
	X
	X
	X
	DLP wire reinforced
	
	X

	Ebstein’s Anomaly
	X
	X
	
	X
	DLP wire reinforced
	
	X


Dr. Bove Table Notes

1. A wire-malleable vent may be used only on arterial switch cases < 2.5 kg.

2. Dr. Bove uses a DLP 10 Fr. malleable vent to drain the SVC venous return.

3. On ASD repairs, Dr. Bove does not want any cannulae handed up until he asks for them because he may need particular cannulae for a minimally invasive incision case.

4. Dr. Bove will construct all bicaval "Y" pieces.  Please provide him with the appropriate "Y" connector and 3/8" tubing.

5. Hand held coronary ostial cannulae and retrograde cannulae may be utilized occasionally on an as needed basis per surgeon’s request.

6. May utilize large flexible suckers for adults and large children if specifically requested.

7. Myocardial temperature probes should be available in the OR and opened only upon the surgeon's request.

8. There will be exceptions to any/all of the above. Consult Dr. Bove when in doubt.
Table 4: Dr. Ohye
	Procedure
	Small Flexible Sucker
	LV Vent
	Retro-grade CP
	CP Y &

Ao root cannula
	Arterial

Cannula


	Single

Atrial

Cannula
	Bicaval

Cannula

	Truncus Arteriosus
	X
	X
	possible
	X
	DLP wire reinforced
	X
	

	PAPVR / TAPVR
	X
	
	
	X
	DLP wire reinforced
	X
	

	Arterial Switch
	X
	See Note #2
	possible
	X
	DLP wire reinforced
	
	X

	Norwood
	X
	
	
	X
	DLP wire reinforced
	X
	

	BDG / Hemi-Fontan
	X
	X
	
	X
	DLP wire reinforced
	
	X

	Fontan
	X
	X
	
	X
	DLP wire reinforced
	
	X

	ASD
	X
	
	
	X
	DLP wire reinforced
	
	X

	VSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	AVSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	TOF
	X
	X
	
	X
	DLP wire reinforced
	
	X

	RV-PA Conduit
	X
	X
	
	X
	DLP wire reinforced
	X
	

	Sub-Aortic Resection
	X
	X
	
	X
	DLP wire reinforced
	X
	

	AVR/MVR/TVR
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Konno
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Interrupted Aortic Arch
	X
	
	
	X
	DLP wire reinforced
	X
	

	Ross
	X
	X
	X
	X
	DLP wire reinforced
	
	X

	Ebstein’s Anomaly
	X
	X
	
	X
	DLP wire reinforced
	
	X


Dr. Ohye Table Notes

1. Dr. Ohye will use a DLP wire reinforced cannula on all on patients whose target blood flow rate is < 4 l/min.  Consult Dr. Ohye as to what arterial cannula he will use on patients whose target blood flow rate is > 4 l/min.
2. A wire-malleable vent is used only on arterial switch cases < 2.5 kg unless requested.
3. Dr. Ohye will construct all bicaval "Y" pieces.  Please provide them with the appropriate "Y" connector and 3/8" tubing.
4. Hand held coronary ostial cannulae and retrograde cannulae will be utilized occasionally on an as needed basis per Dr. Ohye’s request.
5. May utilize large flexible suckers for adults and large children or if specifically requested.
6. Myocardial temperature probes should be available in the OR and opened only upon Dr. Ohye’s request.
7. There will be exceptions to any/all of the above.  Consult Dr. Ohye when in doubt.
Table 5: Dr. Devaney
	Procedure
	Small Flexible Sucker
	LV Vent
	Retro-grade CP
	CP Y &

Ao root cannula

See Note #3
	Arterial

Cannula

See Note #2
	Single

Atrial

Cannula
	Bicaval

Cannula

	Truncus Arteriosus
	X
	X
	possible
	X
	DLP wire reinforced
	X
	

	PAPVR / TAPVR
	X
	
	
	X
	DLP wire reinforced
	X
	

	Arterial Switch
	X
	See Note #1
	possible
	
	DLP wire reinforced
	
	X

	Norwood
	X
	
	
	
	DLP wire reinforced
	X
	

	BDG / Hemi-Fontan
	2
	See Note #2
	
	X
	DLP wire reinforced
	X
	

	Fontan
	2
	
	
	X
	DLP wire reinforced
	X
	

	ASD
	X
	
	
	X
	DLP wire reinforced
	See Note #3
	See Note #3

	VSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	AVSD
	X
	X
	
	X
	DLP wire reinforced
	
	X

	TOF
	X
	X
	
	X
	DLP wire reinforced
	
	X

	RV-PA Conduit
	X
	X
	
	X
	DLP wire reinforced
	X
	

	Sub-Aortic Resection
	X
	X
	
	X
	DLP wire reinforced
	X
	

	AVR/MVR/TVR
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Konno
	X
	X
	possible
	X
	DLP wire reinforced
	
	X

	Interrupted Aortic Arch
	X
	
	
	X
	2 DLP wire reinforced
	X
	

	Ross
	X
	X
	X
	X
	DLP wire reinforced
	
	X

	Ebstein’s Anomaly
	X
	X
	
	X
	DLP wire reinforced
	
	X


Dr. Devaney Table Notes

9. A wire-malleable vent may be used only on arterial switch cases < 2.5 kg.

10. Dr. Devaney uses a DLP 10 Fr. malleable vent to drain the SVC venous return.

11. On ASD repairs, Dr. Devaney does not want any cannulae handed up until he asks for them because he may need particular cannulae for a minimally invasive incision case.

12. Dr. Devaney will construct all bicaval "Y" pieces.  Please provide him with the appropriate "Y" connector and 3/8" tubing.

13. Hand held coronary ostial cannulae and retrograde cannulae may be utilized occasionally on an as needed basis per surgeon’s request.

14. May utilize large flexible suckers for adults and large children if specifically requested.

15. Myocardial temperature probes should be available in the OR and opened only upon the surgeon's request.

16. There will be exceptions to any/all of the above. Consult Dr. Devaney when in doubt.

Arterial Cannula Selection Criteria & Guidelines

Table 6: Ascending Aortic Arterial Cannulae
	Type
	Sizes

	DLP wire reinforced
	6  8  10 12 16 - Fr.

	DLP straight
	8  10  12  14  16  18 - Fr.

	Terumo/Sarns
	7  8 mm Soft Flow

8 mm Kirsch,  8 mm HF aortic


Table 7: Femoral Arterial Cannulae
	Type
	Sizes

	DLP wire reinforced
	6  8  10 12 16 - Fr.

	RMI Fem-Flex II
	8  10  16  20  22  24- Fr.

	Biomedicus
	10  12 14 - Fr.


Type Selection Criteria & Guidelines

Dr. Bove

· The DLP wire-reinforced cannula is utilized on all cases with estimated blood flows < .4 l/min
· On cases with estimated blood flows > 4 l/min, Terumo/Sarns Soft Flow cannulae are used.

Dr. Ohye

· Dr. Ohye will use a DLP wire reinforced cannula on all patients whose target blood flow rate is < 4 l/min.

· Consult Dr. Ohye as to what arterial cannula he will use on patients whose target blood flow rate is > 4 l/min.
Dr. Devaney

· Dr. Ohye will use a DLP wire reinforced cannula on all patients whose target blood flow rate is < 4 l/min.

· Consult Dr. Ohye as to what arterial cannula he will use on patients whose target blood flow rate is > 4 l/min.
Arterial Cannulae Size Selection: Criteria & Guidelines

· Maximum flow is estimated by evaluating the flow rate at a pressure drop of approximately 100 mmHg.

· With interrupted aortic arch procedures, 2 arterial cannulae of the same type are used.  For most neonates, a 6 Fr. DLP wire reinforced arterial cannula is used to perfuse the proximal aorta, and a 8 Fr. DLP wire reinforced arterial cannula is used to perfuse the distal aorta.
Table 8: Arterial Cannula Flow Chart

	Fr
	mm
	DLP wire reinforced
	Fem Flex II
	Terumo / Sarns

	6
	2
	450
	-----
	-----

	8
	2.7
	750
	~450
	-----

	10
	3.3
	1300
	~950
	-----

	12
	4
	2200
	~1400
	-----

	14
	4.7
	2900
	~2300
	-----

	16
	5.3
	4000
	~3300
	-----

	18
	6
	-----
	~4300
	-----

	20
	6.3
	-----
	~5500
	-----

	21
	7
	-----
	-----
	5500

	24
	8
	-----
	-----
	>5500


Venous Cannulae Selection Criteria & Guidelines

Available Venous Cannulae Types

Table 9: Atrial, Caval, & Cavo-Atrial Cannulae
	Type
	Sizes

	DLP (Pacifico) Angle Metal Tip 
	12  14 16  18  20  24  28 Fr.

	Medtronic Cavo-Atrial (2-stage)
	40/32    46/36 Fr.


Table 10: Femoral Venous Cannulae
	Type
	Size

	DLP
	28 Fr.

	Biomedicus
	10  12  14 Fr.

	RMI Fem Flex II
	10  12  14  18  20  24  28  -Fr.


Table 11: Right Internal Jugular Venous Cannulae

	Type
	Size

	Biomedicus Right Internal Jugular Venous Cannulae
	10  12 14 Fr.

	Biomedicus Right Internal Jugular Venous (Arterial Percutaneous 37 cm) Cannulae
	15  17  19  21 23 Fr.


Selection Criteria and Guidelines

· Venous cannulae, singly or in combination, are to be selected on the basis of their capacity to accommodate the maximal expected blood flow rate.  In many cases, this blood flow rate may exceed the blood flow rate predicted by Table 12: Estimated Blood Flow Rate per Kilogram Weight.

· Unless specifically requested by the surgeon, single atrial cannulation will be used on all DHCA cases.

· Do not use a 12 Fr DLP as a single atrial cannula unless the patient is < 1 kg.

· On patients < 3 kg, both Dr. Bove, Dr. Ohye, and Dr. Devaney may use DHCA and single atrial cannulation where bicaval cannulation is indicated in Tables 3 – 5: Equipment Selection Guidelines According to Surgical Procedure.”  On these smaller patients, consult the surgeon before opening any venous cannulae.

· The pressure drop across the venous cannula(e) should not exceed -100 mmHg or -136 cm/H2O.

· Upon occasion, vessel lumen will not accommodate the prescribed cannula.  Under these circumstances, the surgeon should be consulted on additional means to ensure that the heart is effectively unloaded.
· The presence of a left superior vena cava may necessitate the use of a third venous cannula.  The drainage capacity of the two cannulae selected for the right and left superior vena cavies should accommodate the expected venous return of the upper body.  Frequently, a sucker may be used to drain the left superior vena cava in lieu of direct cannulation.

· The presence of a interrupted inferior vena cava with azygous continuation may necessitate the use of a larger than expected venous cannula to drain the superior vena cava adequately.

Table 12: Single Atrial Cannula Flow Chart for DLP Angled Metal Tip
	Cannula
	Venous Line Diameter & Venous Reservoir

	Size
	¼”/Baby RX (ml/min)
	3/8”/SX10 (ml/min)
	½”/SX18 (ml/min)

	12
	486
	----
	----

	14
	817
	----
	----

	16
	918
	----
	----

	18
	1197
	1636
	----

	20
	1278
	1737
	----

	24
	----
	2620
	4158

	28
	----
	2898
	5125

	31
	----
	----
	5400


*Do not use a 12 Fr DLP venous cannula on patients whose maximum blood flow rate exceeds 200 ml/min.
Table 13: Bicaval Cannulae Flow Chart for DLP angled metal tip

	Cannulae
	Venous Line Diameter & Venous Reservoir

	Size & Configuration
	¼”/ Terumo Baby RX ml/min
	3/8”/ Terumo SX10 ml/min
	½”/ Terumo SX18 ml/min

	12/12
	846
	----
	----

	12/14
	1120
	----
	----

	12/16
	1197
	----
	----

	14/14
	1287
	1747
	----

	14/16
	1332
	1848
	----

	16/16
	1377
	2037
	----

	16/18
	1512
	2388
	----

	18/18
	1566
	2699
	----

	18/20
	----
	2777
	----

	20/20
	----
	2809
	----

	20/24 

3/8” Y
	----
	3400
	3960

	24/24

3/8” Y
	----
	----
	5328

	24/28
	----
	----
	5328

	28/28
	----
	----
	+6000

	28/31
	----
	----
	+6000


Table 14: RMI Fem Flex II Flow Chart

	Cannula Size
	ml/min

	8 Fr.
	~200

	10 Fr.
	~400

	12 Fr.
	~800

	14 Fr.
	~1100

	18 Fr.
	~1700

	20 Fr.
	~2200

	24 Fr.
	~3500

	28 Fr.
	~5300


Bench Conditions of RMI Fem Flex II Flow Chart

17. Fluid: H2O @ 25oC

18. Calculated Gravity Siphon: -30 mmHg

19. Based on manufacturer’s data.
Table 15: Biomedicus Venous Cannulae Flow Chart

	Cannula Size
	ml/min
	ml/min per ECMO M#

	8 Fr.
	~350
	600

	10 Fr.
	~700
	700

	12 Fr.
	~1000
	1000

	14 Fr.
	~1500
	1500


Bench Conditions of Biomedicus Right Internal Jugular Cannulae Flow Chart
20. Fluid: 0.9% NaCl @ 25oC

21. Calculated Gravity Siphon: -30 mmHg

22. Based on manufacturer’s data.

Table 16: Biomedicus Right Internal Jugular Venous (Arterial Percutaneous 37 cm) Cannulae Flow Chart

	Cannula Size
	ml/min per ECMO M# @ 100 cmH2O

	15 Fr.
	2000

	17 Fr.
	2800

	19 Fr.
	3800

	21 Fr.
	5000

	23 Fr.
	6500


Table 17: Biomedicus Venous (50 cm) Cannulae Flow Chart

	Cannula Size
	ml/min per ECMO M# @ 100 cmH2O

	15 Fr.
	1300

	17 Fr.
	1700

	19 Fr.
	2300

	21 Fr.
	3200

	23 Fr.
	4800

	25 Fr.
	5200

	27 Fr.
	6500

	29 Fr.
	7000


Cardioplegia Cannula Selection & Guidelines

Aortic Root Cardioplegia Cannula Selection Guidelines

· An aortic root cardioplegia cannula is selected to deliver antegrade cardioplegia.

· This type of cardioplegia cannula is used on all procedures for induction, maintenance, and warm reperfusion where the surgical procedure does not physically interfere with the technique.
Table 18: Aortic Root Cardioplegia Cannula Selection by Kilogram Weight

	Type
	Size
	Kilogram Weight Range

	DLP
	18 gauge
	0 - 7 kg

	DLP
	16 gauge
	7 -20 kg

	DLP
	14 gauge
	20 -35 kg

	DLP
	12 gauge
	> 35 kg


Coronary Ostium Cardioplegia Cannula Selection Guidelines

· A coronary ostium cardioplegia cannula is selected to deliver antegrade cardioplegia directly into the coronary ostia.

· This type of cardioplegia cannula is used on procedures for induction where aortic insufficiency precludes the use of an aortic root cardioplegia cannula and where anatomy precludes the use of a retrograde (coronary sinus) cardioplegia cannula.

· This type of cardioplegia cannula is used on procedures for induction, maintenance, and/or warm reperfusion where the surgical procedure physically interferes with the use of an aortic root coronary cannula and where anatomy precludes the use of a retrograde (coronary sinus) cardioplegia cannula.

· The size and type of coronary ostium cardioplegia cannula are selected under direct vision by the surgeon during the surgical procedure.

Table 19: Available Coronary Ostium Cardioplegia Cannula Types

	Type
	Size

	Hard Tip Coronary Ostium Cardioplegia Cannula
	10   12   14 -Fr.

	Soft Tip Coronary Ostium Cardioplegia Cannula
	universal


Retrograde Cardioplegia Cannula Selection Guidelines

· This type of cardioplegia cannula is used to deliver retrograde cardioplegia via the coronary sinus.

· This type of cardioplegia cannula is used for induction, maintenance, and warm reperfusion where aortic insufficiency and/or the surgical procedure preclude the use of an aortic root cardioplegia cannula.

· The size of the retrograde (coronary sinus) cardioplegia cannula is selected under direct vision by the surgeon during the surgical procedure.

Table 20: Retrograde (Coronary Sinus) Cardioplegia Cannula Types

	Type
	Sizes

	DLP Neonatal
	6 Fr.

	DLP Pediatric
	10-Fr.

	DLP Small Adult
	13 Fr.

	DLP Adult
	15 Fr.


Left Ventricular Vent Cannula Selection Guidelines

· A left ventricular vent cannula is used to decompress the left ventricle.

· A left ventricular vent cannula is selected by kilogram weight. 

Table 21: Left Ventricular Vent Cannula Selection by Kilogram Weight

	Type
	Size
	Kilogram Weight Range

	DLP Malleable Tip1
	10 Fr.
	On surgeon’s request

	DLP Curved LV Vent
	10 Fr.
	< 14 

	DLP Curved LV Vent
	13 Fr.
	14 - 30

	DLP Adult LV Vent
	16 Fr.
	30 - 50

	DLP Adult LV Vent
	20 Fr. 
	> 50


· On very small patients (< 3 kg), a 10 Fr. DLP malleable tip LV vent is sometimes used.
Section 2: Circuit Preparation

Arterial Roller Pump Calibration

Procedure

23. The arterial roller pump should be calibrated prior to the initiation of CPB.

24. Ascertain the prescribed blood flow rate for the patient according to Table 1: Estimated Blood Flow Rate per Kilogram Weight in Section 1.
25. Ascertain the appropriate sized arterial pump boot according to the Table 2: Circuit Component Selection Guidelines in Section 1.

26. Turn the tubing size selector knob of the arterial pump console until the appropriate sized tubing is indicated.
27. For a 3/16 inch arterial boot, select F70.
Cardioplegia Roller Pump Calibration

The cardioplegia roller pump should be calibrated prior to the initiation of CPB.

Ascertain the appropriate cardioplegia set according to “Table 2: Circuit Component Selection Guidelines” in Section 1.
Refer to the “Table22: 4:1 Cardioplegia Roller Pump Calibration Chart” below and find the appropriate tubing size/stroke volume for the prescribed 4:1 cardioplegia pump boot.

Turn the tubing size selector knob of the cardioplegia pump console until the appropriate sized tubing/stroke volume is indicated.

Table 22: 4:1 Cardioplegia Roller Pump Calibration Chart

	Cardioplegia Set
	4:1 Cardioplegia Boot Diameters
	Stroke Volume Setting

	MUF/4:1 CP Set
	3/32” & 3/16”
	F100

	Non MUF 4:1 CP Set
	3/32” & 3/16”
	F100


CPB Circuit Set-Up Standardization Protocol

Purpose

· To establish a consistent circuit set-up facilitating the transfer of case from one perfusionist to another.
Principles

· Always use the manufacturer’s specific holders for each component for all systems.
· Avoid wrapping lines around the mast.  Tubing length in the revised tubing packs has been altered to make this possible.
Circuit Configuration

· Two basic circuit configurations are used at Mott: “inside the mast” and “outside the mast.”  See the appropriate diagrams below.

· Both circuit configurations are either mandatory or optional depending upon what circuit components are used.  This standardization of circuit configuration preserves continuity of care when a case is transferred from one perfusionist to another.

Figure 1: Inside the Mast Circuit Configuration Diagram
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Optional “Inside the Mast Circuit Configuration”

· Terumo Baby RX oxygenator and neonatal tubing pack

· Terumo Baby RX oxygenator and Infant tubing pack

· Terumo Baby RX oxygenator and Pediatric tubing pack

Figure 2: Outside the Mast Circuit Configuration Diagram
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Mandatory “Outside the Mast Circuit Configuration”

· Terumo SX10 and Pediatric tubing pack

· Terumo SX10 and Small Adult tubing pack

· Terumo SX18 and Adult tubing pack

Pediatric Extracorporeal Circuit Prime Constituents

Normosol R

· The volume of Normosol R contained in the prime will vary with the size of the extracorporeal circuit and the volume of packed red blood cells (PRBC’s) added for a Hct on cardiopulmonary bypass (CPB) of 25 - 30%.
· See “Neonatal, Infant, and Pediatric Circuit Prime Protocols” in Section 2.
Albumin

· For patients < 25 kg, the prime should contain 5% albumin.
· Please consult the staff surgeon and/or anesthesiologist prior to albumin administration to Jehovah’s Witness patients.
· See “Neonatal, Infant, and Pediatric Circuit Prime Protocols” in Section 2.
PRBC’s

Blood Transfusion Guidelines

· According to UMMC/blood bank policy, a patient’s registration card must be checked with the arm band on the patient to verify the correctness of the registration card.  Therefore, PRBC units cannot be checked or added to the extracorporeal circuit prime until the patient has entered the operating room.
· All blood products are to be appropriately checked by the case perfusionist and another qualified medical professional prior to administration.
· PRBC units are to be given in the following order of preference:

1. Autologous
2. Donor Directed Non-Blood Relative
3. Donor Directed Blood Relative
4. Homologous
· All directed donor units should be checked to ensure that they are irradiated.
· Do not add blood products to the extra-corporeal circuit until the pre-bypass filter has been removed.

· All whole blood, packed red blood cells, and autotransfusion blood products are to be administered into the circuit through a blood filter only.

· Consult the staff surgeon (page if necessary) before every procedure regarding a plan for pre-CPB autologous whole blood sequestration and/or blood product usage.

· Watch for significant elevations in K+ when giving banked blood.

PRBC in Extra-Corporeal Circuit Prime
· A resultant Hct of 25 - 30% on CPB is targeted on all cases unless specified otherwise by the surgeon.

· It is the perfusionist responsibility to consult the staff surgeon regarding PRBC administration on cases where blood product administration may or have to be avoided, such as ASD closures and Jehovah’s Witness patients.

· If an asanguineous prime would result in excessive hemodilution, then the volume of PRBC’s necessary to achieve this target range should be added to the prime.  The resultant Hct on CPB utilizing an asanguineous prime may be calculated using the following formula where IVBV = intravascular blood volume index (the appropriate value may be found in the table on the following page):

Equation 1: Estimated CPB Hct Calculation

Estimated CPB Hct = ((IBVI x kg x (pt Hct / 100) / (IBVI x kg) + ml prime)) x 100

where: Estimated CPB Hct = estimated Hematocrit on cardiopulmonary bypass


 IBVI = intravascular blood volume index


 ml prime  = prime volume of extracorporeal circuit


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines insertion
Table 23: Estimated Blood Volume per Kilogram Weight Chart

	Patient Kilogram Weight Range
	Intravascular Blood Volume Index

	< 10 kg
	85 ml/kg

	> 10 kg < 20 kg
	80 ml/kg

	> 20 kg < 30 kg
	75 ml/kg

	> 30 kg < 40 kg
	70 ml/kg

	> 40 kg
	65 ml/kg


· For neonates/infants < 5kg, a minimum of 100 ml PRBC’s is added to the prime to avoid a prolonged period of asanguineous perfusion. “Circuit Prime Protocols” in Section 4.

· The volume of PRBC’s necessary for a given target Hct on CPB may be calculated using the following formula:

Equation 2: PRBC Prime Volume for Target CPB Hct Calculation

Xml PRBC’s = (Target Hct/100) x ((IBVI x kg) + ml prime vol)) – (IBVI x kg (pt Hct/100)
0.6

where: X ml PRBC’s = estimated amount of packed red blood cells necessary to attain





the target hematocrit on cardiopulmonary bypass


 Target Hct = desired Hematocrit on cardiopulmonary bypass


  IBVI = intravascular blood volume index (The appropriate value may be found





 in the table above.)


 prime vol = prime volume of extracorporeal circuit


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines insertion
· Also see “Circuit Prime Protocols” in Section 4.

Heparin
· 100 units/kg

NaHCO3
· The prime should have a bicarbonate concentration of ~ 24 mEq/l.

· The amount of NaHCO3 necessary for a given amount of asanguineous volume may be calculated where x = mEq NaHCO3 and V = ml asanguineous volume: 

Equation 3: NaHCO3 Dose Calculation for Asanguineous Prime
x = 0.025V

· If PRBC’s are added to the prime, then a sample should be taken, and NaHCO3 administered according to the following formula:
Equation 4: NaHCO3 Dose Calculation

? mEq NaHCO3 = 0.3(kg wt)(BE)

Mannitol
· 0.25 g/kg (maximum pump prime dose = 12.5 g)

· An additional 0.25 g/kg is administered on the release of the aortic crossclamp.  (maximum pump prime dose = 12.5 g)

CaCl2
· CaCl2 is not routinely added to the prime.  However, an ionized Ca++ level of the perfusate should be measured shortly after the initiation of CPB and corrected upward to 0.7 - 0.8 mM/l, if necessary.

Phentolamine (Regitine)

· mg/kg is added to the pump prime of patients < 10 kg and cooled to < 28oC.

· mg/kg is administered upon rewarming to patients < 10 kg and cooled to < 28oC.

· All circulatory arrest cases are to receive phentolamine; however, if the patient is > 10 kg verify phentolamine administration with the surgeon.

· If during cooling there is > 5 oC between the rectal and nasopharyngeal temperatures and the MAP is > 25 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

· If during rewarming there is > 5 oC between the rectal and nasopharyngeal temperatures and the MAP is > 30 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Antibiotics
· Antibiotics are administered as prescribed in the physician’s orders.  Consult the staff anesthesiologist and/or surgeon if there is a question concerning antibiotic administration.  In particular, if the patient has a history of antibiotic allergy, consult the surgeon and/or staff anesthesiologist prior to antibiotic administration.

· It is recommended that the perfusionist verify that the prescribed antibiotic has been preoperatively administered without complication before it is added to the prime of the extra-corporeal circuit.

· Commonly used antibiotics and the usual pediatric dosages are listed in the table below:  However, when administering an antibiotic besides cefazolin, please verify the pump prime dosage of the other antibiotic with the staff anesthesiologist.

· Vancomycin is slowly titrated during CPB.  All of the other antibiotics listed below can be safely administered to the extracorporeal circuit prior to initiation.  If the prescribed antibiotic is not listed below, be sure to consult the staff anesthesiologist regarding any precautions to be taken during administration.

Table 24: Antibiotic Dosage Chart

	Antibiotic
	Dosage

	Cefazolin (Kefzol, Ancef)
	25 mg/kg  (maximum prime dose = 1 g)

	Ampicillin
	50 mg/kg  (maximum prime dose = 1 g)

	Gentamicin
	2 mg/kg  (maximum prime dose = 80mg)

	Nafcillin
	25 mg/kg  (maximum prime dose = 1 g)

	Vancomycin
	10 - 20 mg/kg  (maximum prime dose = 1 g)


Methylprednisolone (Solu-Medrol)

· Pediatric transplant patients receive 30 mg/kg methylprednisolone when the aortic crossclamp is released. (Maximum dose = 1 g)

· The anesthesiologist administers 30 mg/kg methylprednisolone to patients undergoing procedures requiring DHCA prior to the initiation of CPB.

Aprotinin

Loading Dose

· Anesthesia personnel administer a 0.01 x 106 KIU test dose to ascertain if the patient has an allergy to aprotinin.  If the test dose is negative, the patient is loaded with 1.715 x 106 KIU/m2.  (171.5 x BSA = aprotinin dose in ml @ 10,000 KIU/ml)

· For patients < 10 kg, the maximum dose is 1.0 x 106 KIU.

· For patients > 10 kg, the maximum dose is 2.0 x 106 KIU.

Infusion Dose

· The patient is placed on an infusion at the rate of 0.4 x 106 KIU/ m2 per hour, not to exceed a maximum rate of 0.25 x 106 KIU per hour.

Pump Prime Dose

· Designated patients undergoing cardiac surgery have 1.715 x 106 KIU/m2.added to the pump prime.  (171.5 x BSA = aprotinin dose in ml @ 10,000 KIU/ml)

· For patients < 10 kg, the maximum dose is 1.0 x 106 KIU.

· For patients > 10 kg, the maximum dose is 2.0 x 106 KIU.

· Be certain to verify that the test dose is negative for anaphylaxis prior to adding aprotinin to the pump prime.

Circuit Prime Protocols

Capiox Infant Arterial Filter, Terumo Baby RX Oxygenator & Neonatal Tubing Pack

All cases done with PRBC’s

Prime volume = 380 ml when venous reservoir level = 100 ml

Blood Flow Range = < 1050 ml/min

Equation 5: Neonatal Circuit PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((85 x kg) + 380)) – (85 x kg (pt Hct / 100)
0.6

where: X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines placement
Table 25: Neonatal Circuit Prime Constituents
	Prime Constituent
	Prime Constituent Volumes

	Normosol R
	280 ml

level = 0 ml

	PRBC’s 
	X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30%

Remove X – 24 ml Normosol R.

	25% Albumin
	76 ml

	Heparin (See page 51)
	*

	Antibiotic (See page 53)
	*

	Mannitol (See page 52)
	*

	NaHCO3 (See page 51)
	*

	Venous Reservoir Level 
	~100 ml

	Total Prime Volume
	380 ml


* denotes minuscule variable volumes 

Notes for the set-up procedure

· Prime the entire circuit and cardioplegia tubing with crystalloid.

· Remove volume from the venous line until your reservoir = 0 ml.

· Drop X ml of PRBC’s while removing X - 24 ml of Normosol R. Add 76 ml of 25 % albumin and drugs.  You could also drop the albumin with the PRBC’s then SLOWLY remove the X - 24 ml of Normosol R. 

· This results in a reservoir level of ~100 ml.

Aprotinin

· Due to the timing of the aprotinin dosing, it is feasible to add the dosage of aprotinin even at the last minute, as long as the albumin concentration is compensated for at that time.

· Add the appropriate dosage of aprotinin, then add albumin as we do in our current protocols, i.e. aprotinin 40 ml / albumin (25%) 10 ml.

· On cases where aprotinin is likely to be administered, it is recommended that a CPB Hct of 30% be targeted.

Capiox Infant Arterial Filter, Terumo Baby RX Oxygenator, & Infant Tubing Pack

Prime volume = 425 ml when venous reservoir level = 100 ml

Blood Flow Range = > 1050 < 1278 - 1566 ml/min

(upper limit dependent on single atrial or bicaval cannulation respectively)

Equation 6: Infant Circuit PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((85 x kg) + 425)) – (85 x kg (pt Hct / 100)
0.6

where:  X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines placement
Table 26: Infant Circuit Prime Constituents
	Prime constituent
	Prime Constituent Volumes

	Normosol R
	325 ml

*level = 0 ml

	PRBC’s 
	X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30% 

Remove X - 15 ml Normosol R.

	25% Albumin 
	85 ml

	Heparin (See page )
	*

	Antibiotic (See page )
	*

	Mannitol (See page )
	*

	NaHCO3 (Seepage )
	*

	Venous Reservoir Level 
	100 ml

	Total Prime Volume 
	425 ml


* denotes minuscule  variable volumes

Notes for the set-up procedure

· Prime the entire circuit and cardioplegia tubing with crystalloid.

· Remove volume from the venous line until your reservoir = 0 ml. 

· Drop X ml of PRBC’s while removing X - 15 ml of Normosol R. 

· Add 85 ml of 25 % albumin and drugs. 

· You could also drop the albumin and PRBC’s and SLOWLY remove the X - 15 ml Normosol R.

· This results in a reservoir level of ~100 ml.

Aprotinin

· Due to the timing of the aprotinin dosing, it is feasible to add the dosage of aprotinin even at the last minute, as long as the albumin concentration is compensated for at that time.

· Add the appropriate dosage of aprotinin, then add albumin as we do in our current protocols, i.e. aprotinin 40 ml / albumin (25%) 10 ml.

· On cases where aprotinin is likely to be administered, it is recommended that a CPB Hct of 30% be targeted.

Capiox Infant Arterial Filter, Terumo Baby RX Oxygenator, & Pediatric Tubing Pack

Prime volume = 525 ml when venous reservoir level = 100 ml

Blood Flow Range = > 1279 - 1567 < 1800 ml/min

(lower limit dependent on single atrial or bicaval cannulation respectively)

· Please note that the manufacturer states that the maximum flow rate of the Terumo Baby RX is 1500 ml/min.  However, the perfusion staff at Mott Children’s has empirically established that the Terumo Baby RX oxygenator may be used safely at a flow rate of 1800 ml/min.
Equation 7: Pediatric Circuit with Terumo Baby RX Oxygenator PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((85 x kg) + 525)) – (85 x kg (pt Hct / 100)
0.6

where:  X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines placement

Table 27: Pediatric Circuit with Terumo Baby RX Prime Constituents

	Prime constituent
	Prime Constituent Volumes

	Normosol R
	425 ml

*level = 0 ml

	PRBC’s 
	X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30% 

Remove X + 5 ml Normosol R.

	25% Albumin 
	105 ml

	Heparin (See page )
	*

	Antibiotic (See page )
	*

	Mannitol (See page )
	*

	NaHCO3 (Seepage )
	*

	Venous Reservoir Level 
	100 ml

	Total Prime Volume 
	525 ml


* denotes minuscule variable volumes

Notes for the set-up procedure

· Prime the entire circuit and cardioplegia tubing with crystalloid.

· Remove volume from the venous line until your reservoir = 0 ml. 

· Drop X ml of PRBC’s while removing X + 5 ml of Normosol R. 

· Add 85 ml of 25 % albumin and drugs. 

· You could also drop the albumin and PRBC’s and SLOWLY remove the X + 5 ml Normosol R.

· This results in a reservoir level of ~100 ml.

Aprotinin

· Due to the timing of the aprotinin dosing, it is feasible to add the dosage of aprotinin even at the last minute, as long as the albumin concentration is compensated for at that time.

· Add the appropriate dosage of aprotinin, then add albumin as we do in our current protocols, i.e. aprotinin 40 ml / albumin (25%) 10 ml.

· On cases where aprotinin is likely to be administered, it is recommended that a CPB Hct of 30% be targeted.

Capiox Infant Arterial Filter, Terumo SX10 Oxygenator & Pediatric Tubing Pack
Prime volume = 750 ml when venous reservoir level = 200 ml

Blood Flow Range = > 1800 < 2500 ml/min

Equation 8: PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((75 x kg) + 750)) – (75 x kg (pt Hct / 100)
0.6

where:  X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following monitoring lines placement
Table 28: Pediatric Circuit with Terumo SX10 Oxygenator and Capiox ALF Prime Constituents

	Prime constituent
	Prime Constituent Volumes

	Normosol R
	550 ml

*level = 0 ml

	PRBC’s
	X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30%

Remove X + 50 ml Normosol R.

	25% Albumin 
	150 ml

	Heparin (See page 51)
	*

	Antibiotic (See page 53)
	*

	Mannitol (See page 52)
	*

	NaHCO3 (See page 51)
	*

	Venous Reservoir Level 
	200 ml

	Total Prime Volume
	750 ml


*denotes minuscule variable volumes

Notes for the set-up procedure

· Prime the entire circuit and cardioplegia tubing with crystalloid.

· Remove volume from the venous line until your reservoir = 100 ml. 

· Drop X ml of PRBC’s while removing X + 50 ml of Normosol R. 

· Add 150 ml of 25 % albumin and drugs. 

· You could also drop the albumin and PRBC’s and SLOWLY pull off the X + 50 ml Normosol R.

· This results in a reservoir level of ~200 ml.

Aprotinin

· Due to the timing of the aprotinin dosing, it is feasible to add the dosage of aprotinin even at the last minute, as long as the albumin concentration is compensated for at that time.

· Add the appropriate dosage of aprotinin, then add albumin as we do in our current protocols, i.e. aprotinin 40 ml / albumin (25%) 10 ml.

· On cases where aprotinin is likely to be administered, it is recommended that a CPB Hct of 30% be targeted.

Intercept Pediatric Arterial Filter, Terumo SX10 Oxygenator, & Pediatric Tubing Pack

Prime volume = 820 ml when venous reservoir level = 200 ml

Blood Flow Range = > 2500 < 3000 ml/min

Equation 9: Pediatric Circuit with Intercept ALF and Terumo SX10 oxygenator PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((75 x kg) + 820)) – (75 x kg (pt Hct / 100)
0.6

where: X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following placement of monitoring lines 
Table 29: Pediatric Circuit with Intersept 1338 ALF Prime Constituents

	Prime constituent
	Prime Constituent Volumes

	Normosol R
	645 ml

*level = 0

	PRBC’s
	X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30%

Remove X + 50 ml Normosol R.

	Heparin (See page 51)
	*

	Antibiotic (See page 53)
	*

	Mannitol  (See page 52)
	*

	NaHCO3 (See page 51)
	*

	Venous Reservoir Level 
	200 ml

	Total Prime Volume
	820 ml


*denotes minuscule variable volumes

Notes for the set-up procedure:

· Prime the entire circuit and cardioplegia tubing with crystalloid.
· Pull off volume from the venous line until your reservoir = 0 ml. 
· Drugs and the calculated amount of PRBC’s for a Hct of 25 – 30% if appropriate.
· Remove the volume of Normosol R corresponding to the amount of PRBC’s plus 50 ml of Normosol R.
· This results in a reservoir level of ~200 ml.

Jostra Quart Arterial Filter, Terumo SX10 Oxygenator, & Small Adult Tubing Pack

Prime volume = 1500 ml when venous reservoir level = 200 ml

Blood Flow Range = > 3000 < 4000 ml/min

Equation 10: PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((70 x kg) + 1500)) – (70 x kg (pt Hct / 100)
0.6

where:  X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following placement of monitoring lines 
Table 30: Small Adult Circuit Prime Constituents

	Prime constituent
	Prime Constituent Volumes

	Normosol R
	1450 ml

	PRBC’s
	Do not add PRBC’s until the pre-bypass filter in the A-V loop has been removed.

X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30%

	Heparin (See page 51)
	*

	Antibiotic (See page 53)
	*

	Mannitol  (See page 52)
	*

	NaHCO3 (See page 51)
	*

	Venous Reservoir Level 
	200 ml

	Total Prime Volume
	1500ml


*Denotes minuscule variable volumes.
Notes for the set-up procedure:

· Prime the entire circuit and cardioplegia tubing with crystalloid.
· Pull off volume from the venous line until your reservoir = 200 ml. 
· When the arterial and venous lines are clamped and the pre-bypass filter is removed, add the calculated amount of PRBC’s for a Hct of 25 – 30% if appropriate.
· Recirculate the prime the recirculation line prior to CPB initiation.

Jostra Quart Arterial Filter, Terumo SX18 Oxygenator, & Adult Tubing Pack

Prime volume = 1750 ml when venous reservoir level = 500 ml

Blood Flow Range = > 3500 ml/min

Equation 11: PRBC Prime Volume for Target CPB Hct Calculation

X ml = 0.3 x ((70 x kg) + 1750)) – (70 x kg (pt Hct / 100)
0.6

where:  X = the amount of PRBC’s required for CPB Hct of 25 – 30%


 kg = patient’s kilogram weight


 pt Hct = patient’s hematocrit measured following placement of monitoring lines
Table 31: Adult Circuit Prime Constituents

	Prime constituent
	Prime Constituent Volumes

	Normosol R
	1700 ml

	PRBC’s
	Do not add PRBC’s until the pre-bypass filter in the A-V loop has been removed.

X ml where X = the amount of PRBC’s required for a CPB Hct of 25 – 30%

	Heparin (See page 51)
	*

	Antibiotic (See page 53)
	*

	Mannitol  (See page 52)
	*

	NaHCO3 (See page 51)
	*

	Venous Reservoir Level 
	200 ml

	Total Prime Volume      
	~1800 ml


* denotes minuscule variable volumes

Notes for the set-up procedure:

· Prime the entire circuit and cardioplegia tubing with crystalloid.
· Pull off volume from the venous line until your reservoir = 200 ml. 
· Add drugs.
· This results in a reservoir level of ~350 ml.
· When the arterial and venous lines are clamped and the pre-bypass filter is removed, add the calculated amount of PRBC’s for a Hct of 25 – 30% if appropriate.
· Recirculate the prime the recirculation line prior to CPB initiation.
SECTION 3: Patient Management & Perfusion Technique

General Patient Management Guidelines

Equation 12: Body Surface Area (BSA) Calculation

BSA = (cm0.725 x kg0.425) x 0.007184

or

             ______________

BSA = \/((kg x cm) / 3600)

Where: BSA = body surface area

  cm = patient’s height in centimeters

  kg = patient’s weight in kilograms

Anticoagulation

Hemochron Jr II Anticoagulation Management System

· Indication:
· The Hemochron Jr II Anticoagulation Management System is used on all cases requiring systemic heparinization unless stated otherwise by the staff surgeon and/or anesthesiologist.

· Patient Heparinizing Dose:  300 units/kg

· Pump Heparinizing Dose:  100 units/kg

· ACT Criteria For CPB Initiation: 
· Patients On Aprotinin: An ACT > 480 seconds is considered adequate for the initiation and maintenance of safe CPB.

· Patients Not On Aprotinin: An ACT > 480 seconds is considered adequate for the initiation and maintenance of safe CPB.

· Heparin Maintenance:  

· Patients On Aprotinin: Maintain an ACT > 480 seconds by administering boluses of 500 - 5000 units depending on the ACT and the size and age of the patient.

· Patients Not On Aprotinin: Maintain an ACT > 480 seconds by administering boluses of 500 - 5000 units depending on the ACT and the size and age of the patient.

Hepcon Anticoagulation Management System

· Indication:
· The Hepcon Anticoagulation Management System is used only in the following circumstances.

· Research requiring heparin assays.

· Post-protamine heparin assays.

· Patient Heparinizing Dose: amount designated by heparin dose response for a ACT of 480 seconds.

· Pump Heparinizing Dose: Administer a heparin dose in the prime to create a heparin concentration (units/mL) corresponding to heparin concentration designated by the heparin dose response for an ACT of 480 seconds.

· ACT criteria for CPB initiation: Please note that Hepcon ACT cartridges utilize kaolin as an activator; therefore, an ACT > 480 seconds is considered adequate for the initiation and maintenance of safe CPB for all patients.  

· Heparin Maintenance: Administer the amount of heparin indicated by a heparin assay to maintain the heparin concentration designated by the heparin dose response for an ACT of 480 seconds.

Heparin Resistance

· If the heparin loading dose results in an ACT < 480 seconds, then the anesthesiologist and the surgeon should be consulted, and an additional bolus of heparin should be administered.  

· If the resulting ACT is still < 480 seconds, then the surgeon and anesthesiologist should again be consulted on the possible diagnosis of AT3 deficiency.  

· If a diagnosis of AT3 deficiency is reached, then the appropriate amount of plasma should be ordered, and either administered before CPB by the anesthesiologist or added to the pump prime by the perfusionist.

· Additional heparin in the prime should be considered.

Blood Flow Rate (BFR) 

· Most current literature addressing management of neonatal, infant, and pediatric patients on CPB concurs that BFR is more important than MAP because of the general absence of occlusive vascular disease.  A lower MAP than commonly observed during adult CPB is usually tolerated without complication.

· BFR is calculated by patient kilogram weight according to the following chart.

	Patient Kilogram Weight
	Blood Flow Rate

	0 - 3 kg
	200 mL/kg/min

	3 - 10 kg
	150 mL/kg/min

	10 - 15 kg
	125 mL/kg/min

	15 - 30 kg
	100 mL/kg/min

	> 30 kg
	75 mL/kg/min

	> 55 kg
	65 ml/kg/min


Mean Arterial Pressure (MAP)
MAP Range During Cooling

· 20 - 70 mmHg

MAP Range During Rewarming

· 30 - 70 mmHg

Low MAP Intervention Checklist

1. Verify closure of membrane recirculation line.

2. Compensate for blood steal whenever the arterial purge line is open and during cardioplegia delivery, hemofiltration, and aortic needle vent usage.

3. Lower isofluorane delivery if depth of anesthesia is adequate.  Consult anesthesiologist.

4. Ascertain presence of A-V shunts.  Consult surgeon.

5. Increase BFR until either adequate MAP or the upper limit of BFR range is reached.

6. Administer phenylephrine in boluses of 10 - 50 mcg until an adequate MAP is obtained.  Administer phenylephrine only after consultation with the surgeon.

High MAP Intervention Checklist

1. Administer isofluorane at 0.1 - 2.0%.  Administration of isofluorane at > 2.0% has been linked to the uncoupling of cerebral autoregulation and should, therefore, probably be avoided.

2. Consult the anesthesiologist as to whether opioid or muscle relaxer agents should be administered.

3. Lower BFR if SvO2 > 65%.

Central Venous Pressure (CVP)

· During CPB, the CVP should be < 5 mmHg.  

· An elevated CVP can result in hypoperfusion, hypervolemia, and edema, particularly when the MAP is low.

Elevated CVP Intervention Checklist

1. Verify that the venous line is not occluded.

2. Ask the anesthesiologist to check the patient for evidence of facial edema, the patency of the CVP monitoring line, and the zero and calibration of CVP transducer.

3. Ask the surgeon to check the position of the venous cannulae.

Isoflurane Administration

Patients < 1 year old

· Isoflurane administration for patients less than 1 year old is at the discretion of the perfusionist.  Exception: All patients undergoing DHCA should receive a minimum of 1% isoflurane during cooling and warming to ensure uniform cooling and warming.  If difficulty in maintaining an acceptable MAP due to isoflurane administration is encountered, consult the staff anesthesiologist.

· Extended periods of isoflurane administration at rates > 2% should probably be avoided.

Patients > 1 year old

· All patients > 1 year old are to be administered a minimum of 1% isoflurane throughout CPB. If difficulty in maintaining an acceptable MAP due to isoflurane administration is encountered, consult the staff anesthesiologist.

· Extended periods of isoflurane administration at rates > 2% should probably be avoided.

Arterial Blood Gases: Management & Sample Frequency

Sample Frequency

· It is recommended that an arterial blood gas sample (analyzed by a blood gas machine, not the CDI 500) be taken every 30 - 45 minutes. At least two samples should be taken per case if possible.

pH

· alpha stat pH management technique is to be used on all cases.

pH Range measured at 37oC: 7.35 - 7.45

PaCO2 Range measured at 37oC: 35 - 45 mmHg
· Respiratory alkalosis may be treated by decreasing the gas flow rate.

· Metabolic alkalosis may be treated by hemoconcentration where excess ultrafiltrate is replaced with unbuffered Normosol R, unbuffered 0.9% NaCl, and/or PRBC’s.

· Respiratory acidosis may be treated by increasing the gas flow rate.

· Metabolic acidosis may be treated with sodium bicarbonate administration and increased blood flow rate.

PaO2
PaO2 Range measured at 37oC: 90 - 150 mmHg

· It  is particularly important to keep the PaO2 in the low end of the range during the initiation of CPB (especially for cyanotic patients), during myocardial reperfusion, and during re-initiation of CPB following deep hypothermic circulatory arrest (DHCA).

PaCO2
PaCO2 Range measured at 37oC: 35 - 45 mmHg

· Avoid extended excessively low PaCO2 values in order to ensure uniform cerebral perfusion. 
· Hypocarbia may be treated by decreasing the gas flow rate.

· Hypercarbia may be treated by increasing the gas flow rate.  Make certain the patient is adequately anesthetized.  Rule out malignant hyperthermia.

SvO2
SvO2 Range: > 65%

· Avoid excessive transfusion of PRBC's and donor exposure during rewarming and following aortic crossclamp release when drops in SvO2 are transitory.

Low SvO2 Intervention Checklist:

1. Increase BFR. 

2. Increase isofluorane delivery.

3. Consult anesthesiologist as to whether the patient opioid or muscle relaxer agents should be administered.

4. Add PRBC's.

Low SvO2 Management @ Low BFR

· If maintaining 1/2 or 1/4 BFR at the surgeon's behest, consider deepening hypothermia and/or adding PRBC's.

· Consult the surgeon.

Electrolyte Management
Ca++
· Maintain an ionized Ca++ level of approximately 0.8 mmol/L until 15 - 20 mins after myocardial reperfusion.

· Correct the ionized Ca++ level to approximately 1.2 mmol/L 15 - 20 mins after myocardial reperfusion.

K+
Normal K+ Range: 3.5 - 5.5 mEq/L

· Hyperkalemia is corrected by conducting zero-balanced ultrafiltration with buffered 0.9% saline or Normosol R.

Serum Glucose Management

Normal Glucose Range

· 72 - 137 mg/dL

Causes of Progressive Hyperglycemia During CPB 

· surgical stress

· CPB

· hypothermia

· cardioplegia solution

· IV solutions containing glucose

Hyperglycemia During CPB

· Glucose levels during CPB should be kept < 300 mg/dL by zero-balanced ultrafiltration with either buffered Normosol R or buffered 0.9% saline.

· Upon consultation with the surgeon and the anesthesiologist, insulin administration may be considered on cases where hyperglycemia persists. < 300 mg/dl

· Hyperglycemia may result in neurological damage.

· Diabetic patients require frequent monitoring of glucose levels.

· Avoid administering fluids containing glucose.

Hypoglycemia

· Hypoglycemia may result in neurological damage.

· If the serum glucose is < 72 mg/dl consider administration of 50% dextrose following consultation with the staff anesthesiologist and/or attending surgeon. The following formula may be used to calculate the appropriate 50 % dextrose dose:

? ml 50% dextrose = 100((100 - patient’s glucose mg/dl) x ((0.065 x kg) + prime volume))

Standard Cooling Technique
Hemodilution Management

· Patients cooled from 32 - 20oC are hemodiluted to Hct > 25%upon initiation of CPB.

· Prior to rewarming, PRBC's are added according oxygen demand as measured by the SvO2 (see above).

Phentolamine (Regitine) Management

· 0.1 mg/kg Phentolamine (Regitine) is added to the pump prime of patients < 10 kg cooled to < 28oC.

· If the patient is > 10 kg, verify phentolamine administration with the surgeon.

Perfusate Temperature and Temperature Gradient

· During cooling, do not exceed an 8 - 12oC temperature gradient between the perfusate and rectal or nasopharyngeal temperature whichever is highest.

· The perfusate temperature should not fall below the target temperature designated by the surgeon.

Differential Cooling Management

· Should a temperature gradient in excess of 5oC arise between the rectal and nasopharyngeal temperatures titrate the patient with 0.5 - 2.0% isofluorane.  If the cooling gradient persists, consult the anesthesiologist for methods of therapeutic vasodilation. 

· Should differential cooling persist despite isofluorane administration and pharmacological interventions by or per anesthesia and the MAP is > 25 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Topical Cooling

· Set the water blanket temperature to the target temperature designated by the surgeon.

Temperature Maintenance

· The target cooling temperature is obtained and maintained by keeping the perfusate at the target temperature.

DHCA Cooling Technique
Extracorporeal Circuit Preparation

Hemodilution

· Patients requiring DHCA are hemodiluted to a Hct of 25 - 30% upon initiation of CPB.

· Prior to rewarming, PRBC's are added according oxygen demand as measured by the SvO2 (see above).

Phentolamine (Regitine)

· 0.1 mg/kg Phentolamine (Regitine) is added to the pump prime of patients < 10 kg cooled to < 28oC.

· If the patient is > 10 kg, verify phentolamine administration with the surgeon.

Prime Temperature

· Prior to the dividing of the A-V loop, the pump prime is recirculated at 30oC.  This is the lowest controllable setting on the Sarns Heater/Cooler Unit and assures that an 8 - 12oC temperature gradient between the perfusate and body temperature is not violated during the initiation of cardiopulmonary bypass (CPB).

Topical Cooling

· The perfusionist initiates topical cooling by setting the water bath of the warming blanket to 18 - 20oC once the patient is stable and prepped and draped.  Otherwise, topical cooling is not initiated until CPB is established.

· When CPB has been safely established, make sure anesthesia personnel pack the patient’s head with ice bags.

Cooling Technique

· Cooling is initiated when CPB has been safely established.

Perfusate Temperature and Temperature Gradient
· During cooling, do not exceed an 8 - 12oC temperature gradient between the perfusate and rectal or nasopharyngeal temperature whichever is highest. This technique avoids the generation of gaseous emboli when excessive rewarming of the perfusate in the tissue lowers the solubility in the blood of atmospheric gases.

· The minimum perfusate temperature is 13oC.

· Once a perfusate temperature of 15 oC is safely reached, do not allow the perfusate temperature rise above 15 oC prior to circulatory arrest.

Differential Cooling

· Should a temperature gradient in excess of 5oC arise between the rectal and nasopharyngeal temperatures titrate the patient with 0.5 - 2.0% isofluorane.  If the cooling gradient persists, consult the anesthesiologist for methods of therapeutic vasodilation. 

· Should differential cooling persist despite isofluorane administration and pharmacological interventions by or per anesthesia and the MAP is > 25 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Pharmacology During Cooling For DHCA

· Fifteen minutes after the initiation of CPB, the perfusionist may administer a dose of muscle relaxant prescribed by the anesthesiologist.

Duration of Cooling For DHCA

· Twenty minutes is the minimal amount time allowed to cool the patient to nasopharyngeal temperature of 18 oC at which point the surgeon may request the perfusionist to take the patient off CPB.

Note: See Deep Hypothermic Circulatory Arrest Technique for further information.

Rewarming Management & Technique

· Rewarming is initiated at the request of the surgeon.

· If present, ice bags are removed from the patient’s head by anesthesia.

· The patient is rewarmed to a nasopharyngeal and/or rectal temperature of 37oC.

· It is not recommended to exceed a perfusate temperature of 38oC during rewarming, particularly during cases involving neonates and infants.

Pharmacology During Rewarming

Phentolamine (Regitine)

· 0.1 mg/kg Phentolamine (Regitine)is administered upon rewarming to patients < 10 kg cooled to < 28oC.

Mannitol
· 0.25 g/kg mannitol is administered when the aortic crossclamp is released. (Maximum dose = 12.5 g)

NaHCO3 

· Do not treat metabolic acidosis unless the Base Excess is less than -4.0 mmol/L.

· When the patient reaches 32oC, NaHCO3 is administered to resolve metabolic acidosis according to the following formula: (0.3 x BE x kg wt)/2.

· When transfusing PRBC's, 5 - 10 mEq NaHCO3/RBC unit may have to be added to correct the acidosis of the donor unit.

CaCl2
· Maintain an ionized Ca++ level of approximately 0.8 mmol/L until 10 - 20 mins after myocardial reperfusion.

· Correct the ionized Ca++ level to approximately 1.2 mmol/L 10 - 20 mins after myocardial reperfusion.

· Transfusion of PRBC's can significantly lower the perfusate ionized Ca++ of patients < 10 kg.  Administration of CaCl2 may be necessary.

 Rewarming Technique

Perfusate Temperature and Temperature Gradients

· During rewarming, maintain a 8 - 12o C gradient between the water bath of the heater/cooler unit and the nasopharyngeal or rectal whichever is lowest.

· Do not allow the perfusate temperature to exceed 38oC.

· Do not allow the water bath temperature of the heater/cooler unit to exceed 42oC.

· When the nasopharyngeal temperature approaches 37oC, lower the perfusate to 37oC to avoid overheating the brain.

Topical Rewarming

· The water blanket is set to 38o C.

· Set the Bare-Hugger to 38oC.

Rewarming Rate
· The rewarming rate should probably be limited to a 1 - 2oC increase every 3 - 5 mins.

Management of Differential Rewarming

· Should a temperature gradient in excess of 5oC arise between the rectal and nasopharyngeal temperatures titrate the patient with 0.5 - 2.0% isofluorane.  If the rewarming gradient persists, consult the anesthesiologist for methods of therapeutic vasodilation. 
· Should differential rewarming persist despite isofluorane administration and pharmacological interventions by or per anesthesia and the MAP is > 30 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Hematocrit Management

· During rewarming, the Hct is increased to the level designated by the surgeon before the patient is weaned from CPB.

· The addition of PRBC's is avoided, if possible, to reduce donor exposure.

· Generally, patients (< 15 kg) who will remain hypoxemic following the surgical repair should have their Hct increased to ~30 - 35% during rewarming to ensure that their Hct will be > 40% following Modified Ultrafiltration.

CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

1. Vacuum assisted venous drainage terminated.

2. 37 - 38oC bladder temperature

3. left atrial vent clamped and/or removed

4. ventilator on and functioning

5. stable cardiac rhythm

· CPB is then terminated in the usual manner.

Blood Transfusion Guidelines
· According to UMMC/blood bank policy, a patient’s registration card must be checked with the arm band on the patient to verify the correctness of the registration card.  Therefore, PRBC units cannot be checked or added to the extracorporeal circuit prime until the patient has entered the operating room.
· All blood products are to be appropriately checked by the perfusionist and another qualified medical professional prior to administration.
· PRBC units are to be given in the following order of preference:
1. Autologous

2. Donor Directed Non-Blood Relative

3. Donor Directed Blood Relative

4. Homologous

· All directed donor units should be checked to ensure that they are irradiated.

· Do not add blood products to the extra-corporeal circuit until the pre-bypass filter has been removed.
· All whole blood, packed red blood cells, and autotransfusion blood products are to be administered into the circuit through a blood filter only.
· Consult the staff surgeon (page if necessary) before every procedure regarding a plan for pre-CPB autologous whole blood sequestration and/or blood product usage.
· Watch for significant elevations in K+ when giving banked blood.

Cardioplegia Protocols

Solutions

Description

· At Mott, 4 types of cardioplegia solution are used.  They include Cold Induction Solution  (high K+), Maintenance Solution (low K+), Warm Reperfusion Solution (low K+), and Warm Induction Solution (high K+).  All cardioplegia solutions are mixed and delivered by a customized 4:1 blood-to-crystalloid cardioplegia system manufactured by Sarns, Inc.

Crystalloid Component

· The crystalloid component of all four cardioplegia solutions is modified from a common 200 ml base solution.  Modification instructions for each solution are located on the label of the base solution bag.  Check boxes are provided to indicate which solution has been prepared.  Blanks are also provided for the initials of the preparer as well as the time and date of preparation.  A copy of the label is reproduced below.

Cardioplegia Solution Label

	Home Med UMMC Home Infusion Pharmacy


2850 S. Industrial Hwy., Ann Arbor, MI 48104


1-800-862-2731


UMMC CARDIOPLEGIA SOLUTION: MOTT BASE SOLUTION #1
Base Solution Ingredients

Dextrose 5% + 0.225% Sodium Chloride



              140 ml

Tromethamine solution (THAM) 1/3 M



                56 ml

Citrate Phosphate Dextrose Solution




 4 ml
Total Base Volume





              200 ml

Prepare the desired final cardioplegia solution option as directed and indicate which final solution option is prepared by placing an "X" in the appropriate box.

(  ) Cold Induction Solution  (high K+):

            Aseptically add 8 mL KCl (2 mEq/mL) for a final volume of 208 ml.

(  ) Maintenance Solution  (low K+):

            Aseptically add 4 mL KCl (2 mEq/mL) for a final volume of 204 ml.

(  )  Warm Reperfusion Solution (low K+):

            Aseptically add 4 mL KCl (2 mEq/mL) and 70 ml Aspartate/Glutamate 0.46 M for a final volume of 274 ml.

(  )  Warm Induction Solution (high K+):

            Aseptically add 8 ml Potassium Chloride (2 mEq/ml) & 70 ml Aspartate/Glutamate 0.46 M for a final volume of 278 ml.

Final solution prepared by: _______________ Date:_______________

Time: ________


REFRIGERATE


MUST PREPARE FINAL CARDIOPLEGIA SOLUTION JUST PRIOR TO USE


WITHIN 24 HOURS AFTER PREPARING THE FINAL SOLUTION

Expiration date: ____________ Control #: _________________

RPhkm_____


Base Solution Storage

· All base solution bags are to be stored under refrigeration.  Solutions with the nearest outdate will be stored in the refrigerator between rooms 7 and 8.  Solutions with furthest outdate will be stored in the refrigerator by the Mott OR desk.

Outdated Base Solution Handling

· All outdated bags of base solution are to be removed from either storage refrigerator, placed in a zip-lock bag clearly marked as outdated, and stored on the counter in the Mott pump room.  The perfusionist in charge of ordering should alerted in a timely manner.

Approximate Final Composition of 4:1 Cardioplegia Solutions

	
	Cold Induction Solution
	Warm Induction Solution
	Maintenance Solution
	Warm Reperfusion Solution

	pH
	7.5 - 7.6
	7.5 - 7.6
	7.5 - 7.6
	7.5 - 7.6

	Ca++
	0.4 - 0.6 mmol/l
	0.4 - 0.6 mmol/l
	0.4 - 0.6 mmol/l
	0.4 - 0.6 mmol/l

	K+
	20 24 mEq/l
	20 - 24 mEq/l
	8 - 10 mEq/l
	8 - 10 mEq/l

	Glutamate
	- - - - - - - - - - 
	13 mmol
	- - - - - - - - - - -
	13 mmol

	Aspartate
	- - - - - - - - - -
	13 mmol
	- - - - - - - - - - -
	13 mmol

	Osmolarity
	380 - 400 mOsm
	380 - 400 mOsm
	340 -360 mOsm
	380 - 400 mOsm

	Hematocrit
	80% perfusate Hct
	80% perfusate Hct
	80% perfusate Hct
	80% perfusate Hct


Delivery Systems

	Type
	Selection Criteria

	Sarns Pediatric 4:1 CP System
	< 15 kg

	Sarns Adult 4:1 CP Systems
	> 15 kg


4:1 Cardioplegia / MUF Circuit Schematic
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4:1 Cardioplegia Delivery Circuit Diagram
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Set-Up

Cardioplegia Rollerpump Calibration

1. The cardioplegia rollerpump should calibrated prior to the initiation of CPB.

2. Ascertain the prescribed blood flow rate for the patient according to the chart on page 1 of Section 4.

3. Select the appropriate cardioplegia set according to the Circuit Component Selection Guidelines Chart on page 3 of Section 4.

4. Refer to the Sorin-Stokert 4:1 Cardioplegia Rollerpump Calibration Chart below and find the appropriate stroke volume for the prescribed 4:1 cardioplegia pump boot.

5. Using the supplied screwdriver, adjust the digital readout on the cardioplegia pump console to the calculated flow/rpm.

	Sorin-Stokert 4:1 Cardioplegia Rollerpump Calibration Chart

	Cardioplegia Set
	4:1 Cardioplegia Boot Diameters
	Stroke Volume/Revolution

	MUF/4:1 CP Set
	3/32” & 3/16”
	10 mL

	Non MUF 4:1 CP Set
	3/32” & 3/16”
	10 mL


Please note that the boot diameters of both cardioplegia sets have been changed to 3/32” & 3/16”.  However, it is still possible that old sets with a “1/8 & 1/4” boot configuration will show up now and again.  The stroke volume/revolution for this old boot configuration is 16 ml.  Please be cognizant of the boot configuration during set-up and make certain that the cardioplegia rollerpump is calibrated appropriately.

Blood Line Connection

· Cobe Micro, Sorin Infant Masterflow, and Sorin Pediatric Masterflow
· The blood line is connected to the luer-lock on the 1/4"/1/4" straight through connector in the arterial line just distal to the arterial output of the oxygenator. 

· Avecor Affinity 

· The blood line may be connected to a luer-lock on the 1/4"/1/4" straight through connector cut into the membrane recirculation line or to the luer-lock port on the arterial outlet.

Cardioplegia Temperature Control
· Cardioplegia solution temperature is controlled with a Cincinnati Sub-Zero Hemotherm dual cooler/heater unit.  The cooler portion of the unit is set at 4oC for cold cardioplegia delivery.  The heater portion of the unit is set at 39oC for warm induction and warm reperfusate cardioplegia delivery.

Cardioplegia Delivery Technique

Serum Ionized Ca++ Management

· Following the initiation of CPB, the ionized Ca++ levels of patients < 10 kg are often significantly diluted by the essentially Ca++ free pump prime.  Consequently, an ionized Ca++ level of the perfusate should be measured shortly after the initiation of CPB and corrected upward to 0.7 - 0.8 mmol/l, if necessary.  A minimal perfusate ionized Ca++ level of 0.7 - 0.8 mmol/l is necessary to ensure that the ionized Ca++ level of the cardioplegia falls between 0.4 - 0.6 mmol/l.

Cardioplegia Line Flushing

1. De- Airing

· Make certain that as much cardioplegia as possible is returned to the pump once it is mixed with perfusate.  Avoid excessive amounts of high K+ flush being returned to the pump.  

2. Flushing After Induction

· Remember that given the small amount of cardioplegia solution delivered to neonates and infants, it is necessary to flush the delivery line in order to ensure that the cardioplegia solution is cold or warm.  

· Flushing the delivery line is also necessary to change the composition of the solution delivered.

Cold Induction Cardioplegia Delivery Technique

· Cold induction cardioplegia is usually initiated after the aorta is crossclamped.   

· Upon the surgeon's request, Cold Induction Solution is "dribbled" and then delivered at a pressure never to exceed 300 mmHg measured at the pump. If the delivery pressure seems excessive, i.e. 150 - 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.  

· A total dose of 20 - 30 ml/kg is ideally delivered over a 2 - 4 minute period.  At 10 mL/kg intervals, the amount of cardioplegia solution delivered is announced as well as the myocardial temperature provided it is being monitored.  

· The target myocardial temperature range is 10 - 15oC.  The perfusionist should be prepared to continue cardioplegia solution delivery if the target myocardial temperature is not obtained.

Warm Induction Cardioplegia Delivery Technique

· Both Warm Induction Solution and Maintenance Solution are prepared and spiked.  

· The Cincinnati Sub-Zero dual heater-cooler is set at 37oC and circulating.  The patient should not be actively cooled until after warm induction cardioplegia has been delivered.  

· Warm induction cardioplegia is usually initiated after the aorta is crossclamped.   Upon the surgeon's request, the cardioplegia solution is "dribbled" and then delivered at a pressure never to exceed 300 mmHg measured at the pump.  If the delivery pressure seems excessive, i.e. 150 - 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.  

· A total dose of 30 mL/kg is ideally delivered over a 2 - 4 minute period.  

· When the dose is completed, the crystalloid component is switched from Warm Induction Solution to Maintenance Solution.  Simultaneously, the Cincinnati Sub-Zero dual heater-cooler is set to cooling mode.  Cold Maintenance Solution is delivered until the myocardial temperature reaches 10 - 15oC.

Maintenance Cardioplegia Delivery Technique

· The perfusionist will notify the surgeon when 20 minutes has elapsed since the last dose of cardioplegia solution or when the myocardial temperature (if measured) exceeds 15oC.  Regardless, maintenance cardioplegia is delivered at the surgeon's discretion.  

· Routinely, after the delivery line is flushed, a dose of 15 mL/kg of Maintenance Solution is delivered over a 1 - 2 minute period.  

· The target myocardial temperature range is 10 - 15oC.   Occasionally, additional cardioplegia solution is required to reach the target temperature range.  If myocardial electrical activity persists,  the surgeon and perfusionist should consult and consider delivering a dose of Cold Induction Solution.

Warm Reperfusion Cardioplegia Delivery Technique

· The surgeon should give ample warning to the perfusionist that he wants to deliver a dose of Warm Reperfusion Solution.  If the perfusionist believes that warm reperfusion is indicated, he may suggest it to the surgeon.  

· A bag of Warm Reperfusion is prepared and spiked.  

· Please note that KCl is added to Warm Reperfusion Solution at the surgeon's discretion.  

· The Cincinnati Sub-Zero dual heater-cooler is set at 37oC and circulating.  

· Typically, after the delivery line is flushed, a 15 - 20 mL/kg dose of Warm Reperfusion Solution is delivered just prior to the release of the aortic crossclamp over a 2 - 3 minute period at a pressure of 100 - 200 mmHg measured at the pump.

Autotransfusion Protocol

Purpose

· To provide a blood salvaging and washing process via an autotransfusion machine for autologous blood transfusion.

Policy

· Autotransfusion machines are utilized in all adult cardiac cases at the Main as well as selected cases at Mott.

· Non-cardiac cell saving and rapid transfusion duties in non-cardiac related cases are handled by anesthesia techs. 

· Overall the perfusion team will maintain responsibility for the safety and function of the autotransfusion machines.

Autotransfusion Selection Guidelines

	Autotransfusion Selection Guidelines

	Type
	225 ml Dideco Autotransfusion Machine

	Criteria
	> 15 kg1


1. The surgeons may want to MUF selected cases > 15 kg in which case it is probably not necessary to use autotransfusion.  It is the perfusionist’s responsibility to ascertain the surgeon’s wishes on these selected cases.

Procedures/Precautions

· Follow the Guidelines for use recommended by the company.  See the “Autotransfusion Standard Operating Procedure” manual located in the Main Pump Room for details. 

· Use only 0.9% NaCl as the wash solution, and suction flush solution.

· Washed red blood cells must be administered within 4 hours of processing when stored at room temperature and within 24 hours of the start of collection when stored at 6oC.
· Under no circumstances is processed blood to be reinfused directly into the patient from the holding bag.  Use a transfer bag with the date, time, initials, and expiration time noted on an “For Autologous Use Only/Washed Red Blood Cells” sticker that has been stamped with the patient’s registration card.

· Never use a cell saver while using Avetine or other collagen based, hemostasis inducing materials.

· Do not use in the presence of methylmethaculate. (You will see and smell this utilized mostly in orthopedic cases)

· CPD may be used as an alternative to heparin anticoagulation for the return reservoir.  NOTE: Monitor Ca++ levels closely because CPD chelates Ca++.

· Autotransfusion is contraindicated for use in patients with the following conditions:

· Blood contaminated with gastrointestinal contents or bacterial infections.

· Presence of malignant cells.

· Presence of amniotic fluid, C-section.

· Presence of prostatic fluid.

Equipment

· The Dideco autotransfusion machine is used at Main and Mott. 

· 3 - 1000 cc bag 0.9% NaCl

· Transfer pack 

· 30,000 units of heparin

· Fenwal Sampling Site Coupler

Documentation
Cardiopulmonary Bypass Record

· Every case using a cell saver must have the section of the Cardiopulmonary Bypass Record entitled “Autotransfusion” appropriately filled out (see Section 2).

Cell Saver Product Label

· Every transfer pack containing cell saver product must be labeled with the following information.

1. Patient name

2. Patient registration number

3. Date and time of processing

4. Expiration date and time product expires (6 hours following processing)

5. Indicate appropriately if the product is washed red blood cells or heparinized perfusate from the extracorporeal circuit.

6. Wash volume

7. Processor’s signature

Quality Control
· During each procedure utilizing a cell saver, a sample Hct of one the processed cells saver units must be measured, and the results recorded on the space provided on the “Autotransfusion and Rapid Infuser Record.”

· Insert a Fenwal Sampling Site Coupler in the blue-capped access port of the product bag.  Remove a sample of the product and perform a Hct test.

Deep Hypothermic Circulatory Arrest Technique

Extracorporeal Circuit Preparation

Hemodilution

· Patients requiring DHCA are hemodiluted to a Hct of 25 - 30% upon initiation of CPB.

· Prior to rewarming, PRBC's are added according oxygen demand as measured by the SvO2 (see above).

Phentolamine (Regitine)

· 0.1 mg/kg Phentolamine (Regitine) is added to the pump prime of patients < 10 kg cooled to < 28oC.

· If the patient is > 10 kg, verify phentolamine administration with the surgeon.

Prime Temperature

· Prior to the dividing of the A-V loop, the pump prime is recirculated at 30oC.  This is the lowest controllable setting on the Sarns Heater/Cooler Unit and assures that an 8 - 12oC temperature gradient between the perfusate and body temperature is not violated during the initiation of cardiopulmonary bypass (CPB).

Cannulation

· Procedures requiring circulatory arrest typically utilize single venous cannulation.

DHCA Cooling Technique
Topical Cooling
· The perfusionist initiates topical cooling by setting the water bath of the warming blanket to 18oC once the patient is stable and prepped and draped.  Otherwise, topical cooling is not initiated until CPB is established.

· When CPB has been safely established, make sure anesthesia personnel pack the patient’s head with ice bags.

CPB Cooling Technique
· A nasopharyngeal temperature of 18oC is the target temperature for patients undergoing DHCA.

· Cooling is initiated when CPB has been safely established.

Perfusate Temperature and Temperature Gradient
· During cooling, do not exceed an 8 - 12oC temperature gradient between the perfusate and rectal or nasopharyngeal temperature whichever is highest. This technique avoids the generation of gaseous emboli when excessive rewarming of the perfusate in the tissue lowers the solubility in the blood of atmospheric gases.

· The minimum perfusate temperature is 13oC.

· Once a perfusate temperature of 15 oC is safely reached, do not allow the perfusate temperature rise above 15 oC prior to circulatory arrest.

Differential Cooling Management

· Should a temperature gradient in excess of 5oC arise between the rectal and nasopharyngeal temperatures titrate the patient with 0.5 - 2.0% isofluorane.  If the cooling gradient persists, consult the anesthesiologist for methods of therapeutic vasodilation. 

· Should differential cooling persist despite isoflurane administration and pharmacological interventions by or per anesthesia and the MAP is > 25 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Pharmacology During Cooling For DHCA

· Fifteen minutes after the initiation of CPB, the perfusionist may administer a dose of muscle relaxant prescribed by the anesthesiologist.

Duration of Cooling For DHCA

· Twenty minutes is the usual amount time allowed to cool the patient to a nasopharyngeal temperature 18oC at which point the surgeon may request the perfusionist to take the patient off CPB.
Cardioplegia Administration Scenarios

· Three possible scenarios are possible for cardioplegia administration during CPB cases requiring DHCA.  The perfusionist needs to be prepared to accommodate any of these scenarios.

Scenario 1: Cardioplegia Delivery Before DHCA Establishment

· During cooling, the cardioplegia solution (CPS) delivery line is passed off to the perfusionist who connects it to the cardioplegia circuit.  The CPS delivery line is then flushed into a kidney basin to ensure the cardioplegia solution is properly mixed and cooled.

· Subsequently, the surgeon places the aortic root cannula and has the perfusionist "dribble" the cardioplegia in order to make and air free connection.  “Dribbling” is most easily accomplished by pressuring the cardioplegia system prior to aortic root cannulation and opening the tubing clamp slightly.

· When the surgeon clamps the aorta, CPS is delivered at a pressure not to exceed 300 mmHg measured at the pump. If the delivery pressure seems excessive, i.e. greater than 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.

· A total dose of 30 ml/kg is ideally delivered over a 3 minute period.

· At 10 ml/kg intervals, the amount of CPS delivered is announced as well as the myocardial temperature provided it is being monitored.

Scenario 2: Cardioplegia Delivery During DHCA Establishment

· During cooling, the cardioplegia solution (CPS) delivery line is passed off to the perfusionist who connects it to the cardioplegia circuit.  The CPS delivery line is then flushed into a kidney basin to ensure the cardioplegia solution is properly mixed and cooled.

· Subsequently, the surgeon places the aortic root cannula and has the perfusionist "dribble" the cardioplegia in order to make and air free connection.  “Dribbling” is most easily accomplished by pressuring the cardioplegia system prior to aortic root cannulation and opening the tubing clamp slightly.

· When the surgeon clamps the aorta, CPS is delivered at a pressure not to exceed 300 mmHg measured at the pump. If the delivery pressure seems excessive, i.e. greater than 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.

· A total dose of 30 mL/kg is ideally delivered over a 3 minute period.

· At 10 ml/kg intervals, the amount of CPS delivered is announced as well as the myocardial temperature provided it is being monitored.

· The surgeon may request the perfusionist to establish DHCA, i.e. terminate CPB, during cardioplegia delivery.  In this scenario, the perfusionist must keep the arterial pumphead flow rate higher than the cardioplegia pumphead flow rate in order to avoid pulling air across the oxygenator membrane.  This is accomplished by slowing the arterial pumphead and leaving the purge line of the arterial line filter (ALF) prior to clamping the arterial line distal to the ALF.  The gas flow and CPB timer are shut also shut off.

· The venous line is not clamped until cardioplegia has been delivered and venous drainage has ceased.

Scenario 3: Cardioplegia Delivery Through the Aortic Cannula After DHCA Establishment

· During cooling, the cardioplegia solution (CPS) delivery line is passed off to the perfusionist who connects it to the cardioplegia circuit.  The CPS delivery line is then flushed into a kidney basin to ensure the cardioplegia solution is properly mixed and cooled.

· If cardioplegia is to be delivered through aortic cannula, then the surgeon will request that the perfusionist turn the arterial pump flow down to the lowest possible rate.  The cardioplegia line is then attached to the luer lock connector attached to the arterial cannula. CPB is subsequently restored.
· DHCA is established on the surgeon’s command.  The perfusionist sequentially turns off the gas flow, slows down the arterial pumphead, and clamps the arterial line distal to the ALF.  Either the purge line off the arterial line filter or the membrane recirculation line should be left open in order to avoid pulling air across the membrane.
· The venous line is not clamped until cardioplegia has been delivered and venous drainage has ceased.

· The surgeon clamps the aorta and the arterial line proximal to the arterial cannula.

· Upon the surgeon's request, Cold Induction Solution is delivered at a pressure not to exceed 300 mmHg measured at the pump. If the delivery pressure seems excessive, i.e. 150 - 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.  
· A total dose of 20 - 30 ml/kg is ideally delivered over a 2 - 4 minute period.  At 10 ml/kg intervals, the amount of cardioplegia solution delivered is announced as well as the myocardial temperature provided it is being monitored.  

· If myocardial temperature is being monitored, the target temperature range is 10 - 15oC.  The perfusionist should be prepared to continue cardioplegia solution delivery if the target myocardial temperature is not obtained.

· Upon completion of cardioplegia delivery, the cardioplegia line is removed from the arterial line.  The arterial cannula is then removed.

Recirculation

· When the CPS has ceased to drain into the venous reservoir, the perfusionist informs the surgeon of the fact whereupon the venous line is clamped proximal to the reentry point of the ALF purge line.  This allows the perfusate on the machine side of the CPB circuit to be recirculated without inadvertently pressurizing the venous line.

· During circulatory arrest, the perfusate should be recirculated at 18oC.

· A perfusate sample should be taken for blood gas and electrolyte analysis.  Enough PRBC's may be added to raise the hematocrit (Hct) to 25 - 30%.  Samples should be taken to assess the effect of PRBC transfusion on pH, glucose, and electrolytes.  Ultrafiltration can be used to correct hyperglycemia (> 300 mg/dl) and potassium (> 5.5 mEq) levels

· The PaCO2 should be kept between 35 - 45 mmHg.  The PaO2 should be kept at the lower end of the range guideline: 90 - 150 mmHg.  Negative base excess resulting from PRBC transfusion should be corrected.  Again, hypocalcemia should be treated only when levels fall below 0.8 mmol/l.  At this time, calcium chloride administration should probably not exceed 10 mg/kg.

· If the heart is reperfused when CPB is re-initiated, as in the Norwood procedure, then administer 0.25 g/kg mannitol to the recirculating perfusate.  Otherwise, administer 0.25 g/kg mannitol when the aortic crossclamp is released.

Re-initiation and Rewarming
1. Just prior to re-initiation of CPB, the surgeon will request that the ice be removed from the patient’s head.

2. CPB is re-instituted at the surgeon's request.  The flow rate should be increased gradually to refill the patient.  When the surgeon is satisfied with arterial and venous pressures, he will request that the tubing clamp on the venous line be removed by saying, "Drain the venous line."  However, dependent on the procedure, an extended period of sucker cardiopulmonary bypass may be necessary prior to re-insertion of the venous cannula into the right atrium.

3. When CPB is fully re-established, the untoward effects of global tissue acidosis should be monitored carefully.  Sodium bicarbonate should be administered in a timely manner according to the following formula: (0.3 x base deficit x kg weight)/2.

4. When rewarming is initiated, the perfusionist should also begin to hemoconcentrate the perfusate to the target Hct designated by the staff surgeon.  PRBC's should be added if necessary.  

5. During rewarming, an 8 - 12oC temperature gradient between the water bath of the Sarns Heater/Cooler Unit and the venous perfusate should not be exceeded for the reasons given in #4.  At no time allow the perfusate temperature to exceed 38 oC.
6. From this point onward, the conduct of perfusion during procedures utilizing circulatory arrest does not differ remarkably from other CPB procedures.

CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

6. 37oC bladder temperature

7. left atrial vent clamped and/or removed

8. ventilator on and functioning

9. stable cardiac rhythm

CPB is then terminated in the usual manner.

Deep Hypothermic Circulatory Arrest With Antegrade Cerebral Perfusion

Indications

· Surgeon’s Discretion

· Deep Hypothermic Circulatory Arrest

· Aortic Arch Repair

· Exposure of the takeoff of the left carotid artery from inside the aortic arch.

· Placement of vessel ligatures on the inominate and left subclavian arteries.

Extracorporeal Circuit Preparation

Hemodilution

· Patients requiring DHCA are hemodiluted to a Hct of 25 -30% upon initiation of CPB.

· Prior to rewarming, PRBC's are added according oxygen demand as measured by the SvO2 (see above).

Phentolamine (Regitine)

· 0.1 mg/kg Phentolamine (Regitine) is added to the pump prime of patients < 10 kg cooled to < 28oC.

· If the patient is > 10 kg, verify phentolamine administration with the surgeon.

Prime Temperature

· Prior to the dividing of the A-V loop, the pump prime is recirculated at 30oC.  This is the lowest controllable setting on the Sarns Heater/Cooler Unit and assures that an 8 - 12oC temperature gradient between the perfusate and body temperature is not violated during the initiation of cardiopulmonary bypass (CPB).

Cannulation

· Procedures requiring circulatory arrest typically utilize single venous cannulation.

DHCA Cooling Technique
Topical Cooling

· The perfusionist initiates topical cooling by setting the water bath of the warming blanket to 18oC once the patient is stable and prepped and draped.  Otherwise, topical cooling is not initiated until CPB is established.

· When CPB has been safely established, make sure anesthesia personnel pack the patient’s head with ice bags.

CPB Cooling Technique

· Cooling is initiated when CPB has been safely established.

Perfusate Temperature and Temperature Gradient
· During cooling, do not exceed an 8 - 12oC temperature gradient between the perfusate and rectal or nasopharyngeal temperature whichever is highest. This technique avoids the generation of gaseous emboli when excessive rewarming of the perfusate in the tissue lowers the solubility in the blood of atmospheric gases.

· The minimum perfusate temperature is 13oC.

· Once a perfusate temperature of 15 oC is safely reached, do not allow the perfusate temperature rise above 15 oC prior to circulatory arrest.

Differential Cooling Management

· Should a temperature gradient in excess of 5oC arise between the rectal and nasopharyngeal temperatures titrate the patient with 0.5 - 2.0% isofluorane.  If the cooling gradient persists, consult the anesthesiologist for methods of therapeutic vasodilation. 

· Should differential cooling persist despite isofluorane administration and pharmacological interventions by or per anesthesia and the MAP is > 25 mmHg, then the perfusionist may consult the surgeon as to whether an additional bolus of 0.1 mg/kg phentolamine is appropriate.

Pharmacology During Cooling For DHCA

· Fifteen minutes after the initiation of CPB, the perfusionist may administer a dose of muscle relaxant prescribed by the anesthesiologist.

Duration of Cooling For DHCA

· Twenty minutes is the minimal amount time allowed to cool the patient to a nasopharyngeal temperature of 18oC at which point the surgeon may request the perfusionist to take the patient off CPB.
Cardioplegia Delivery Through the Aortic Cannula & Circulatory Arrest Technique

· If cardioplegia is to be delivered through aortic cannula, then the surgeon will request that the perfusionist turn the arterial pump flow down to the lowest possible rate.  The arterial cannula is clamped, and the cardioplegia line is attached to the luer lock connector attached to the arterial cannula.  The clamp on the arterial cannula is then removed, and CPB is restored.
· DHCA is established on the surgeon’s command.  The perfusionist sequentially turns off the gas flow, slows down the arterial pumphead, and clamps the arterial line.  Either the purge line off the arterial line filter or the membrane recirculation line should be left open in order to avoid pulling air across the membrane.
· The venous line is not clamped.

· The surgeon clamps the aorta and then the arterial line proximal to the arterial cannula.

· Upon the surgeon's request, Cold Induction Solution is delivered at a pressure not to exceed 300 mmHg measured at the pump. If the delivery pressure seems excessive, i.e. 150 - 200 mmHg, the perfusionist should ask the surgeon to palpate the aorta to determine if the pressure in the aorta is dangerously high.  
· A total dose of 20 - 30 ml/kg is ideally delivered over a 2 - 4 minute period.  At 10 ml/kg intervals, the amount of cardioplegia solution delivered is announced as well as the myocardial temperature provided it is being monitored.  

· If myocardial temperature is being monitored, the target temperature range is 10 - 15oC.  The perfusionist should be prepared to continue cardioplegia solution delivery if the target myocardial temperature is not obtained.

· Upon completion of cardioplegia delivery, the cardioplegia line is removed from the arterial line.  The arterial cannula is then removed.

Antegrade Cerebral Perfusion Technique

Antegrade Cerebral Perfusion Through The Innominate Artery

1. The surgeon inserts the arterial cannula into the take-off of the innominate artery.  He may require the perfusionist to “dribble” the arterial line in order to make an air free connection.  It should be noted that arterial cannula maybe placed in a different position.  See illustration below.

Antegrade Cerebral Perfusion Through The Innominate Artery Diagram
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2. Upon the surgeon’s command, antegrade cerebral perfusion is initiated slowly.  Monitor the arterial line pressure carefully.  Any elevation may indicate cannula obstruction and/or malposition.  Continue to increase the blood flow rate until a flow rate of 20 ml/kg/min is obtained.  Do not clamp the venous line, and do not allow the CVP to become elevated.  It is possible given the placement of the arterial and central venous monitoring lines that the perfusionist will be unable to assess antegrade cerebral perfusion.  Under these circumstances, the perfusionist should have the anesthesiologist periodically inspect the patient’s face and neck for evidence of venous congestion.  It is possible that the surgeon will place a vent in the SVC to facilitate venous drainage.

3. When the surgeon has completed the repair, antegrade cerebral perfusion is terminated.  The arterial cannula is pulled back into the aorta, and whole body CPB reestablished.

Antegrade Cerebral Perfusion Through The Blalock-Taussig Shunt

1. For univentricular repair procedures requiring aortic arch reconstruction, the arterial cannula is inserted into a tube graft attached to the innominate artery.  See illustration below.

Antegrade Cerebral Perfusion Through The Blalock-Taussig Shunt Diagram
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snares, a clamp on the descending aorta, and the right atrial
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4. Upon the surgeon’s command, antegrade cerebral perfusion is initiated slowly.  Monitor the arterial line pressure carefully.  Any elevation may indicate cannula obstruction and/or malposition.  Continue to increase the blood flow rate until a flow rate of 20 ml/kg/min is obtained.  The surgeon will place a vent in the SVC to facilitate venous drainage.  Do not allow the CVP to become elevated.  It is possible given the placement of the arterial and central venous monitoring lines that the perfusionist will be unable to assess antegrade cerebral perfusion.  Under these circumstances, the perfusionist should have the anesthesiologist periodically inspect the patient’s face and neck for evidence of venous congestion.  

5. When the surgeon has completed the repair, antegrade cerebral perfusion is terminated.  The arterial cannula is removed from the Blalock-Taussig Shunt and inserted in the aorta, and whole body CPB reestablished.

Re-initiation and Rewarming
1. Just prior to re-initiation of CPB, the surgeon will request that the ice be removed from the patient’s head.

2. The arterial cannula is reinserted into the aorta.

3. CPB is re-instituted at the surgeon's request.  The flow rate should be increased gradually to refill the patient.  When the surgeon is satisfied with arterial and venous pressures, he will request that the tubing clamp on the venous line be removed by saying, "Drain the venous line."

4. When CPB is fully re-established, the untoward effects of global tissue acidosis should be monitored carefully.  Sodium bicarbonate should be administered in a timely manner according to the following formula: (0.3 x base deficit x kg weight)/2.

5. When rewarming is initiated, the perfusionist should also begin to hemoconcentrate the perfusate to the target Hct.  PRBC's should be added if necessary.  

6. During rewarming, an 8 - 12oC temperature gradient between the water bath of the Sarns Heater/Cooler Unit and the venous perfusate should not be exceeded for the reasons given in #4.  At no time allow the perfusate temperature to exceed 38 oC.
7. From this point onward, the conduct of perfusion during procedures utilizing circulatory arrest does not differ remarkably from other CPB procedures
CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

10. 37oC bladder temperature

11. ventilator on and functioning

12. stable cardiac rhythm

· CPB is then terminated in the usual manner.
Conventional Ultrafiltration & Hemofiltration

Definition of Ultrafiltration 

· Ultrafiltration is a convective process where blood is pumped through a membrane, usually micro-porous hollow fibers. Particles in the blood with a molecular mass smaller than the pore size are filtered at a rate proportional to a transmembrane pressure gradient.

· During ultrafiltration, no fluid is given to replace the ultrafiltrate removed.

· When the ultrafiltrate is replaced. the process is called hemofiltration.

Naik SK, Elliot MJ.  Ultrafiltration.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 158-172.

Principles of Ultrafiltration

· Filtration rate is directly proportional to the transmembrane pressure gradient.

· Filtration rate is inversely proportional to the Hct.

· The concentration of all molecules smaller than the smallest pores is equal on both sides of the membrane.

· The concentration of molecules larger than the smallest pores, but smaller than the largest pores, is dependent on the sieving coefficient of that molecule.

Moore RA, Laub GW.  Hemofiltration, Dialysis, and Blood Salvage Techniques During Cardiopulmonary Bypass.  In Cardiopulmonary Bypass: Principles and Practice.  Gravlee GP, Davis RF, Utley JR, eds.  Baltimore: Williams & Wilkins, 1993: 93-123.

Sieving Coefficients of Selected Ions & Cardiovascular Drugs

Ca++

0.55

K+

1.0

Mg++

1.0

aprotinin
1.0

digoxin
0.75

fentanyl

0.28

furosemide

0.05

heparin

0.20

midazolam

0.06

pancuronium

0.13

Clar A, Larson DF. Hemofiltration: determinants of drug loss and concentration.  JECT 1995;27(3):158-163.

Post-CPB Edema In Children

· Children present a higher incidence of increased capillary permeability after CPB.

Brans YW, Dweck HS, Havis HB, et al.  Effects of open heart surgery on the body composition of infants and young children.  Pediatr Res 1981;15:1024-1028.

Kirklin JK, Blackstone EH, Kirklin JW.  Cardiopulmonary bypass: Studies on its damaging effects.  Blood Purif 1987;5:168-178.

Maehara T, Novak I, Elliot MJ.  Peri-operative changes in total body water in children undergoing open heart surgery.  Eur J Cardiothorac Surg 1991;5:258-265.

· Possible causes include:

1. A developmental characteristic of pediatric endothelium.

Hanley FL.  Organ development and maturation.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 5-26.

2. Result of inflammatory and  immunological response to CPB.

Edmunds LH.  Inflammatory and immunological response to cardiopulmonary bypass.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 223-241. 

Sonntag J, Dahnert I, Stiller B, et al.  Complement and contact activation during cardiovascular operations in infants.  Ann Thorac Surg 1998;65:525-31.

3. Reduction of colloid oncotic pressure by hemodilution used during CPB. 

Hoeft A, Korb H, Mehlhorn U, et al.  Priming of cardiopulmonary bypass with human albumin or Ringer lactate: effect on colloid osmotic pressure and extravascular lung water.  Brit J Anaesth.  1991;66:73-80.

Inflammatory & Immunological Response to CPB

· Complement activation

· Cytokine release

· Leukocyte activation

· Oxygen-free radical production

· Platelet-activating factor production

· Nitric oxide production

· Endothelin production

Wan S, LeClerc J, Vincent J.  Inflammatory response to cardiopulmonary bypass.  Chest 1997;112:676-92.

Edmunds LH.  Inflammatory and immunological response to cardiopulmonary bypass.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 223-241.

Possible Untoward Effects of Post-CPB Edema

· Tissue edema lowers capillary density resulting in poor oxygenation, CO2 accumulation, and acidosis.

· Tissue edema may cause major organ function.

· Pulmonary interstitial edema reduces gas transfer efficiency & reduces lung compliance.

Kopman EA, Ferguson TN.  Pulmonary edema following cardiopulmonary bypass.  Anesth Analg 1978;57:367-70.

· Myocardial function, particularly diastolic filling, can be impaired.

Laks H, Standeven J, Blair O, et al.  The effects of cardiopulmonary bypass with crystalloid and colloid hemodilution on myocardial extravascular water.  J Thorac Cardiovasc Surg 1977;73:129-34.

· Cerebral edema can result in neurological injury.

· Renal function can be impaired.

Naik SK, Elliot MJ.  Ultrafiltration.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 158-172. 

Amelioration of Post-CPB Edema

· CPB technique:

· Keep perfusion pressure < 50 mmHg.

· Reduce flow rate whenever safely possible.

· Optimize venous drainage.

· Minimize CPB time.

· Use an oncotically correct pump prime.

· Minimize circuit volume.

· Enhance postoperative diuresis

· Dialysis

· Ultrafiltration

Naik SK, Elliot MJ.  Ultrafiltration.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 158-172.    

Untoward Effects of Electrolyte & Metabolite Load

· Hyperglycemia may cause neurological injury during low flow or DHCA by spurring anaerobic glycolysis and elevating acidosis.

Anderson RV, Siegman MG, Balaban, et al.  Hyperglycemia increases cerebral intracellular acidosis during circulatory arrest.  Ann Thorac Surg 1992;54:1126-1130.

· Hyperkalemia is associated with cardiac disrhythmias.

· Elevated lactate impairs glucose metabolism.

· Hypernatremia is associated with convulsions.

Ridley PD, Ratcliffe MB, Alberti DP, et al.  The metabolic consequences of a “washed” cardiopulmonary bypass pump-priming fluid in children undergoing cardiac operations.  J Thorac Cardiovasc Surg 1990’100:528-37.

Hemofiltration During CPB

· Hemofiltration with 0.9% NaCl or a balanced electrolyte solution can lower lactate, K+, and glucose levels.

· Alkalosis can be corrected by hemofiltration with a balanced electrolyte solution.

· Removes vasoactive substances and inflammatory mediators, including myeloperoxidase, C3a, C5a, TNF-a, IL-1b, IL-6, and IL-8, particularly during rewarming.

Millar AB, Armstrong L, van der Linden, J, et al.  Cytokine production and hem,ofiltration in children undergoing cardiopulmonary bypass.  Ann Thorac Surg 1993;56:1499-502.

Journois D, Pouard P, Greeley WJ, et al.  Hemofiltration during cardiopulmonary bypass in pediatric cardiac surgery.  Anesthesiology 1994;81:1181-9.

Journois D, Israel-Biet D, Pouard P, et al. High-volume, zero-balanced hemofiltration to reduce delayed inflammatory response to cardiopulmonary bypass in children. Anesthesiology 1996;85:965-76.

Wang M, Chiu I, Hsu C, et al.  Efficacy of Ultrafiltration in removing inflammatory mediators during pediatric cardiac operations.  Ann Thorac Surg 1996;61:651-6.

Clar A, Bowers MC, Larson DF.  Derivation od sieving coefficients to determine the efficacy of the hemoconcentrator in removal of four inflammatory mediators produced during cardiopulmonary bypass.  ASAIO J 1997;43(3):163-70.

· Reduces post-CPB edema and improves hemostasis and post-operative alveolar-arterial oxygen gradient.

Journois D, Pouard P, Greeley WJ, et al.  Hemofiltration during cardiopulmonary bypass in peadiatric cardiac surgery.  Anesthesiology 1994;81:1181-9.

Journois D, Israel-Biet D, Pouard P, et al. High-volume, zero-balanced hemofiltration to reduce delayed inflammatory response to cardiopulmonary bypass in children. Anesthesiology 1996;85:965-76.

Conventional Ultrafiltration During CPB

· Reverses the hemodilution technique used during initiation and cooling.

· Optimizes perfusate Hct following whole blood or PRBC transfusion.

· Raises colloid oncotic pressure.

Zhou JL, Gong QC, Guan HP.  Effect of ultrafiltration on plasma colloid oncotic pressure and red cell volume during cardiopulmonary bypass.  J Cardiovasc Surg 1989;30:40-1.

Groom  RC, Akl BF, Albus RA, et al.  Alternative method of ultrafiltration after cardiopulmonary bypass.  Ann Thorac Surg 1994;58:85-89.

Passive Ultrafiltration Circuit Configuration Diagram
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Active Ultrafiltration Circuit Configuration Diagram
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Modified Ultrafiltration

Overview
· Despite advances in pediatric cardiopulmonary bypass (CPB) circuits and perfusion technique over the last decade, elevated capillary permeability and increased water weight gain continue to complicate post-operative recovery following open heart surgery.  Increased water weight gain can lead to tissue edema and organ dysfunction.  Several modalities are utilized to counter the accumulation of excess extravascular water.  These include smaller CPB circuits and ultrafiltration.  Conventional ultrafiltration, however, has limitations especially in smaller patient populations (< 10 kg) due to volume constraints peculiar to pediatric CPB.  Conventional ultrafiltration hemoconcentrates the perfusate of the extracorporeal circuit during and after CPB.  This technique is also used to treat post-operative edema and renal failure.  Modified Ultrafiltration (MUF) is a modification of conventional ultrafiltration developed at the Hospital for Sick Children in London where the patient undergoes ultrafiltration immediately after the termination of CPB allowing the red blood cells and plasma proteins remaining in the extracorporeal circuit to be returned to the patient while simultaneously removing excess extravascular water.

Hemodynamic Effects of Modified Ultrafiltration

1. Systolic and diastolic arterial blood pressures increase during modified ultrafiltration.

· Possible causes include:

· Increased viscosity of the blood

· Decrease in myocardial edema

Gaynor JW, Tulloh RMR, Owen CH, et al.  Modified ultrafiltration reduces myocardial edema and reverses hemodilution following cardiopulmonary bypass in children [abstract].  J AM Coll Cardiol 1995;25:200A.
Davies MJ, Nguyen K, Gaynor JW, et al.  Modified ultrafiltration improves left ventricular systolic function in infants after cardiopulmonary bypass.  J Thorac Cardiovasc Surg 1998;115:361-70.

2. Removal of vasodilators and anesthetic agents other than fentanyl

Hodges UM, Berg s, Naik SK, et al.  Filtration of fentanyl is not the cause of the elevation of arterial blood pressure associated with post-bypass ultrafiltration in children.  J Cardiothorac Vasc Anesth  1994;8:653-7.

3. Filtration of toxic compounds, (e.g. cytokines, myocardial depressant factor, TNF)

Naik SK, Elliot MJ.  A successful modification of ultrafiltration for cardiopulmonary bypass in children.  Perfusion 1991;6:41-50. 

Naik SK, Knight A, Elliot MJ.  Aprospective randomized study of a modified technique of ultrafiltration during pediatric open-heart surgery.  Circulation 1991 (suppl III) III422-31.

Naik SK, Balaji S, Elliot MJ.  Modified ultrafiltration improces hemodynamics after cardiopulmonary bypass in children.  J Am Coll Cardiol 1992;19:37A.

Elliot MJ.  Ultrafiltration and modified ultrafiltration in pediatric open heart operations.  Ann Thorac Surg 1993;56:1518-22.

Naik SK, Elliot MJ.  Ultrafiltration.  In Jonas RA, Elliot MJ.  Cardiopulmonary Bypass in Neonates, Infants and Young Children.  Oxford, UK: Butterworth-Heinemann, 1994: 158-172.

Elliot MJ.  Perfusion Techniques.  In Surgery for Congenital Heart Defects, 2nd edn.  Philadelphia, WB saunders, 1994.

Results of Modified Ultrafitration

· Reduces whole blood and/or PRBC’s requirements necessary to achieve the post-CPB target Hct.

· Reduces post-CPB water weight gain.

· Reduce myocardial edema.

· Increases pulmonary compliance.

· Reduce ventilator time.

· Improve cerebral blood flow and metabolism.

Gaynor JW, Tulloh RMR, Owen C, et al.  Modified ultrafiltration reduces myocardial edema and reverses hemodilution following cardiopulmonary bypass in children [abstract].  J Am Coll Cardiol 1995;25:200A.

Davies MJ, Nguyen K, Gaynor, JW, et al.  Modified ultrafiltration improves left ventricular systolic function in infants after cardiopulmonary bypass.  J Thorac Cardiovasc Surg1998;115:361-370.

Skaryak LA, Kirshbom PM, DiBernardo LR, et al.  Modified ultrafiltration improves cerebral metabolic recovery after cardiopulmonary bypass.  Ann Thorac Surg 1995;109:744-51.

Naik SK, Elliot MJ.  A successful modification of ultrafiltration for cardiopulmonary bypass in children.  Perfusion 1991;6:41-50. 

Naik SK, Knight A, Elliot MJ.  Aprospective randomized study of a modified technique of ultrafiltration during pediatric open-heart surgery.  Circulation 1991 (suppl III) III422-31.

Naik SK, Balaji S, Elliot MJ.  Modified ultrafiltration improves hemodynamics after cardiopulmonary bypass in children.  J Am Coll Cardiol 1992;19:37A.
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Effect On Inflammatory and Immunological Response to CPB

· MUF removes the following substances associated with post-CPB inflammatory response:

· histamine

· cytokines: TNF-a, Il-6, Il-8

· complement: C3a, C5a

· beta-thromboglobulin

· neutrophil activators 

Andreasson S, Gothberg S, Berggren H, et al.  Hemofiltration modifies complement activation after extracorporeal circulation in infants.  Ann Thorac Surg 1993;56:1515-7.

Wang M, Chiu I, Hsu C, et al.  Efficacy of Ultrafiltration in removing inflammatory mediators during pediatric cardiac operations.  Ann Thorac Surg 1996;61:651-6.

Indication

· The perfusionist should be prepared to conduct MUF on all patients < 15 kg undergoing open heart surgery at Mott Children’s Hospital.  Otherwise, MUF will be utilized at the surgeon’s discretion.

Special Note On Integrated Cardioplegia/MUF System
· The integrated cardioplegia/MUF system is capable of being configured for cardioplegia delivery, conventional active and passive hemofiltration, MUF, and circuit volume salvage following MUF.  Refer to the appropriate diagrams for correct tubing clamp orientation during a given function.

CP/MUF Circuit: Modified Ultrafiltration Configuration Diagram
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Set-Up

1. Open the Cardioplegia/MUF Pack and insert the Minntech HP400 hemoconcentrator.

2. The hemoconcentrator is primed at the same time as the cardioplegia system.  It is recommended that the ultrafiltrate line be attached to the hemoconcentrator and clamped before priming.

3. Make certain that the CP/MUF pump is totally occlusive.
4. The scrub nurse will need the following supplies:

· 1 venous connector with a luer lock.  This connector should be placed on the IVC cannula if bicaval cannulation is going to be utilized.  Otherwise, it can be placed on the venous cannula used for SAC.

· An arterial connector with a luer lock unless a DLP wire wound arterial cannula is used since it already has a luer lock connector.

· A MUF table line. A separately packaged MUF table line is contained in the Cardioplegia/MUF Pack.  Spares are located on the bottom shelf of the cabinet labeled “Sorin Adult Cardioplegia Sets” if the original is contaminated.

5. A suction canister with regulated suction is required.

6. After the last dose of cold cardioplegia is administered, switch the dual heater-cooler to warm mode.  Make sure the temperature setting is at 42oC.

7. Sometime after delivery of the last cardioplegia dose, the cardioplegia system must be flushed of high K+ solution before MUF can commence in order to prevent transient hyperkalemia from possibly inducing cardiac arrest.  This can be accomplished by doing the following procedure:

· Clamp the crystalloid line proximal to the bridge between the crystalloid line and the blood line.

· Remove the clamp from the bridge between the crystalloid line and the blood line.

· Transfuse, via the cardioplegia system, approximately 80 mL (roughly equal to 5 or more complete rotations of the pump head) into a basin on the field.  Have the volume returned to the pump via the sucker/cardiotomy system.  Clamp the cardioplegia line.

· In order to facilitate the connection between the cardioplegia line and luer lock connector on the IVC or single atrial cannula, pressurize the cardioplegia system until the cardioplegia aneroid reads approximately 150 mmHg.

· *Note: This procedure ought to be done prior to CPB termination should hemodynamic problems occur post-CPB.

8. After the cardioplegia line has been flushed and the patient is still on CPB, the MUF table line is set-up as follows:

a. The cardioplegia blood line is clamped between the arterial line and the luer lock connector proximal to the cardioplegia pumphead inlet.

b. The MUF line is passed from the table to the perfusionist and connected to the luer lock connector proximal to the cardioplegia pumphead inlet.

c. The MUF table line is then flushed by slowly opening the clamp between the arterial line and the luer lock connector proximal to the cardioplegia pumphead inlet. Have the volume returned to the pump via the sucker/cardiotomy system.  When the line air free, clamp the MUF table line.

d. Do not clamp the cardioplegia blood line between the arterial line and the luer lock connector proximal to the cardioplegia pumphead inlet at this time.

CPB Termination, MUF Initiation, & MUF Technique 
1. The patient must remain heparinized while MUF is taking place.
2. CPB is terminated in the usual manner with clamps placed on both the venous and arterial lines.

3. If the patient had bicaval cannulation, the SVC cannula is removed and placed in a basin of normal saline.  If single atrial cannulation was used, the “bunny ear” on the venous line is placed in a basin of normal saline.  The venous line is then chased from the field with normal saline. When the venous line is clear, clamp the venous line just proximal to the venous inlet.  

4. After the venous line is chased, the surgeon connects the cardioplegia line to either the single atrial or IVC venous cannula.  To facilitate this connection, the surgeon will request that perfusionist “bump up the cardioplegia line.”   This is accomplished by slowly releasing the pressure on the cardioplegia line by carefully opening the clamp on the cardioplegia line.  Once an air free connection is made, clamp the cardioplegia line.

5. After the CP line is connected to the venous line, the surgeon connects the MUF table line to the arterial cannula. To facilitate this connection, the surgeon will request that perfusionist “bump up to the arterial line.”   This is accomplished as follows.  First, remember that the arterial line is and should remain clamped during this connection.  Under no circumstances open the recirculation line during this connection because it will de-prime the MUF table line.  Second, remove the clamp from the MUF table line.  Third, slowly turn on the arterial pump until the surgeon has made an air free connection.  Fourth, clamp the CP blood line between the arterial line and the bridge between the CP blood line and the crystalloid line.  This ensures that the perfusate in the arterial line and arterial line filter will enter the MUF circuit at the arterial cannula during MUF.

6. The surgeon will now tell the perfusionist to initiate MUF.  However, the perfusionist should take a few seconds to check over the MUF circuit. Refer to “Cardioplegia/Modified Ultrafiltration Circuit: Modified Ultrafiltration Configuration” on page 47 for tubing clamp orientation during MUF.  Remove the clamp on the arterial line and the CP line. Verify that there are no clamps on the arterial line except for the arterial filter bypass line.  Make sure that the CP blood line between the arterial line and the MUF line connection is clamped.  Trace the MUF circuit from the arterial line to the venous line.  There should only be a clamp between the 2 luer lock connectors distal to the CP pump.  This clamp ensures that the perfusate flows through the hemoconcentrator.  Use the diagram provided below to verify clamp placement for MUF initiation.

7. The perfusionist must consult with the surgeon and anesthesiologist to determine the target filling pressure necessary to achieve hemodynamic stability.

8. To initiate MUF, the cardioplegia pump is turned on and eased up to 10 mL/kg.  Once flow is established and the patient is stable, start the arterial head slowly.  The arterial pump should run slower than the CP pump. Provided the patient remains stable, the flow can be increased up to 15 - 20 mL/kg, not exceeding 200 mL/min.  The absolute maximum flow rate during MUF is 200 mL/min. 

9. The flow rate of the arterial pump should never exceed the flow rate of the CP pump.  Remember that the actual flow of the CP pump is 20% less than the digital display when the crystalloid line is clamped or taken out of the raceway.

10. Be vigilant for air in the MUF line.  During MUF, manipulation of the aorta or heart can cause the arterial cannula to become inadvertently stuck against the aortic wall causing cavitation.  Cavitation is particularly dangerous at higher flow rates.  If air is spotted, immediately discontinue MUF and inform the surgeon.
11. Connect the suction line and ensure the suction is initially set at -150mmHg.  Provided the patient is stable, the suction can be gradually increased to facilitate more rapid ultrafiltration.  However, suction in excess of -200 mmHg is not recommended.  Under no circumstances set the vacuum regulator to “line” during MUF.
12. If for some reason MUF must be emergently discontinued, be sure to release the vacuum.  If the vacuum is left on and the CP/MUF pumphead is not occlusive, air could be pulled across the oxygenator membrane de-priming the extracorporeal circuit.
13. Continuously monitor the hemodynamic status of the patient.  In the event that the filling pressure drops below the target value, the arterial head output can be increased and/or the cardioplegia/MUF head output can be decreased.  In the event that the filling pressure increases above the target value, the arterial head output can be decreased and/or the cardioplegia/MUF head output increased.

14. Make certain the arterial line pressure remains positive at all times because air could be drawn into the arterial line.

15. MUF should continue for approximately 10 minutes or terminated because:

a. There are no red cells left in the extracorporeal circuit to be salvaged.

b. The target Hct has been achieved.

c. The patient becomes unstable.

d. Air is spotted in the MUF table line or CP line.

Termination of MUF
1. Turn off the vacuum.

2. Stop the CP and the arterial pump heads.

3. Clamp the MUF table line, arterial line, and CP line.

4. Make sure all the pertinent data was recorded on the MUF Data Sheet.
5. The surgeon can decannulate, removing the CP line and MUF table line and placing caps on the luer ports in case there is a need to re-initiate CPB.
6. A Hepcon heparin assay may be performed to determine the appropriate protamine dose.  The sieving coefficient of heparin is 0.2.  Consequently, MUF may increase patient heparin concentration, and the appropriate protamine dose may be higher than expected.
7. Give anesthesia a couple of 60 cc syringes of concentrated blood from the MUF circuit so they can transfuse volume if needed after MUF

Post-MUF Circuit Scavenge Diagram
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Vacuum Assisted Venous Drainage Technique

Vacuum Assisted Venous Drainage Indications

1. Cases requiring femoral and / or carotid venous cannulation.

2. Cases exposed via left thoracotomy.

Vacuum Assisted Venous Drainage Equipment

1. Vacuum Regulator

2. Vacuum Source (OR column)

3. DLP Pressure Display 60000 monitor (

Vacuum Assisted Venous Drainage Set-Up for Neonatal, Infant, & Pediatric Circuits with Polystan Safe Micro or Mini

VAVD Disposables for Neonatal, Infant, & Pediatric Circuits with Polystan Safe Micro or Mini

· All of the components listed below are contained in the Terumo VAVD kit except the sputum bottle.

· All the components listed below are contained in the Medtronic VAVD kit except the negative pressure release valve and the positive pressure release valve.

1. (1) sterile Sputum Bottle (available in pump room supply cabinets)

2. (1) sterile Suction Tubing (available in OR supply cabinets)

3. (2)sterile¼” deadender (available in pump room supply cabinets)

4. (1) sterile negative pressure release valve (available in pump room supply cabinets)

5. (1) sterile positive pressure release valve (available in pump room supply cabinets)

6. (1) DLP Pressure Display 60000 disposable transducer

7. ¼” tubing

VAVD Set Up For Neonatal, Infant, & Pediatric Circuits with Polystan Safe Micro or Mini

· Refer to the diagram on the following page.

1. Gather disposables.

2. Open and connect the sputum bottle to oxygenator vent port using sterile technique.

3. Open and connect suction tubing to sputum bottle and the ¼” Y connector attached to vacuum regulator.

4. Attach ¼” deadenders to any unused sucker ports.

5. Attach positive pressure release valve to a luer port on top of the oxygenator reservoir.

6. Turn on the DLP Pressure Display 60000 monitor.  Insert the DLP Pressure Display 60000 disposable transducer into monitor and then attach transducer line to the stopcock on the top of the venous reservoir.  Zero the transducer at the venous reservoir.

7. Turn on vacuum regulator and pre-set to –20 mmHg.  Turn off vacuum regulator.

Vacuum Assisted Venous Drainage Diagram for Neonatal, Infant, & Pediatric Circuits
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Vacuum Assisted Venous Drainage Set-Up for Pediatric, Small Adult, & Adult Circuits with Terumo SX10 & SX18

Disposables for Infant/Pediatric Circuit

· All of the components listed below are contained in the Terumo VAVD kit except the sputum bottle.

· All the components listed below are contained in the Medtronic VAVD kit except the negative pressure release valve and the positive pressure release valve.

1. (1) sterile Sputum Bottle (available in pump room supply cabinets)

2. (1) sterile Suction Tubing (available in OR supply cabinets)

3. (2)sterile¼” deadender (available in pump room supply cabinets)

4. (1) sterile negative pressure release valve (available in pump room supply cabinets)

5. (1) sterile positive pressure release valve (available in pump room supply cabinets)

6. (1) DLP Pressure Display 60000 disposable transducer

7. ¼” tubing

Vacuum Assisted Venous Drainage Set Up For Neonatal, Infant, & Pediatric Circuit

· Refer to the diagram on the following page.

1. Gather disposables.

2. Open and connect the sputum bottle to oxygenator vent port using sterile technique.

3. Open and connect suction tubing to sputum bottle and the ¼” Y connector attached to vacuum regulator.

4. Attach ¼” deadenders to any unused sucker ports.

5. Attach positive pressure release valve to a luer port on top of the oxygenator reservoir.

6. Turn on the DLP Pressure Display 60000 monitor.  Insert the DLP Pressure Display 60000 disposable transducer into monitor and then attach transducer line to the stopcock on the top of the venous reservoir.  Zero the transducer at the venous reservoir.

7. Turn on vacuum regulator and pre-set to –20 mmHg.  Turn off vacuum regulator.

Vacuum Assisted Venous Drainage Diagram for Infant/Pediatric Circuit
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Vacuum Assisted Venous Drainage Initiation

1. With the vacuum assist off, initiate CPB in the usual manner.

2. Increase the blood flow rate until equilibrium between blood flow rate and the venous reservoir level is obtained.

3. Turn on the vacuum regulator at the pre-set vacuum of – 20 mmHg.  Assess the level of the venous reservoir for increased return, and increase the blood flow rate accordingly until adequate perfusion in terms of blood flow rate, venous hemoglobin saturation, and mean arterial pressure are obtained.  It may be necessary to increase the vacuum in order to obtain the appropriate blood flow rate; however, do not allow the negative pressure in the venous reservoir to exceed a vacuum greater than – 70 mmHg.  It is recommended to use the minimum vacuum assist necessary for adequate perfusion.

Vacuum Assisted Venous Drainage Management

· Negative pressure in the venous reservoir should be monitored continuously and adjusted appropriately for efficient venous return augmentation.

· Do not allow the negative pressure in the venous reservoir to exceed a vacuum greater than – 70 mmHg.
· Whenever the blood flow rate is lowered intermittently, reduce or turn off the vacuum.

· Whenever blood volume is transferred to the patient for vent insertion, for vent removal, or to aspirate air from the aorta, turn off the vacuum.

Vacuum Assisted Venous Drainage Termination

· When blood volume is transferred to the patient to initiate weaning from CPB, terminate vacuum assisted venous drainage.

SECTION 4: Special Procedures

Left Heart Bypass

Overview
· Minimal heparinization: 50 - 100 units/kg.  ACT's are not routinely monitored.  With this technique, the patient is the reservoir.  Of critical importance is the ability of the anesthesiologist to maintain patient volume load.  Accordingly, adequate venous access to allow large amounts of volume to be transfused is necessary.

· If the patient is large enough, a dual lumen endotracheal tube is utilized to selectively ventilate right lung, while the left is collapsed during exposure and repair.  If the patient cannot be adequately ventilated on the right lung, then full CPB or "clamp and sew" must be considered.

Required Arterial Monitoring Lines
· A femoral arterial line is necessary to monitor perfusion pressure distal to the clamped aorta.

· A right radial arterial line is necessary to monitor perfusion pressure proximal clamped aorta.
Cannulation
· Left atrium to femoral artery or left atrium to descending aorta.

· Left Atrium:  Usually a DLP angled metal tip.

· Femoral Artery: Usually a DLP wire reinforced, Bard whistle tip, or Biomedicus wire reinforced.

· Descending Thoracic Aorta: Usually a DLP wire reinforced or a angled or straight THI.

Equipment
1. Biomedicus console with flow probe transducer 

2. Biomedicus disposable blood pump.

· For flows < 3 L/min, use the pediatric Biomedicus pump.

· For flows > 3 L/min, use the adult Biomedicus pump.

3. Biomedicus disposable flow probe.  Available in 1/4" and 3/8" sizes.

4. Tubing.

· For flows < 3 L/min: two 6 ft. 1/4" diameter sterile PVC tubing

· For flows > 3 L/min: two 6 ft. 3/8" diameter sterile PVC tubing.

5. 1  sterile blade

6. 1 large sterile basin (obtained from circulating RN or sterile supply)

7. 2   sterile tubing clamps

8. Approximately 5 liters of warm normal saline solution (located in the sterile room warmer)

9. Sterile gown, sterile gloves, and a sterile table cover.

10. Small table for sterile assembly and placement of the pump during the procedure.

11. Sterile towels (at least 2)

12. Cannulae per surgeon's request

Setup
1. In the OR, cover a table with a sterile drape to create a sterile field on which the circuit can be assembled.  

2. Place all the sterile, disposable supplies on the sterile field.  Pour the priming solution into the basin and discard the bottles.  

3. Scrub, gown and glove. 

4. Get the tubing clamps from the scrub nurse.  

5. Construct and prime the circuit by submersion using the “Pediatric Left Heart Bypass Circuit Diagram” on the next page as a guide.

Pediatric Left Heart Bypass Circuit Diagram
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6. Dry the circuit off with sterile towels and hand it to the scrub nurse.

7. When the aortic lesion and cannulation sites are exposed, the Biopump portion of the circuit will be handed off the field to the perfusionist for attachment to the Biomedicus console.  

8. Balance and zero the Bioprobe transducer. 

Initiation
· Initiation of left heart bypass is made at the surgeon’s request, and accomplished by unclamping the Biopump inlet and then the Biopump outlet.

Perfusion Parameters
· Distal Perfusion: Maintain a minimum flow according the chart on the following page.  For a precise target MAP, consult the staff surgeon and anesthesiologist on a case by case basis.

	Patient Kilogram Weight
	Blood Flow Rate

	0 - 3 kg
	100 ml/kg/min

	3 - 10 kg
	75 ml/kg/min

	10 - 15 kg
	63 ml/kg/min

	15 - 30 kg
	50 ml/kg/min

	> 30 kg
	38 ml/kg/min

	>55 kg
	33 ml/kg/min


Proximal Perfusion:  After placement of the aortic clamps, adjust the blood flow rate or have the anesthesiologist transfuse volume to maintain a proximal pressure of 80 -120 mmHg systolic.  For a precise target systolic pressure, consult the staff surgeon and anesthesiologist on a case by case basis.

Termination
· Termination of left heart bypass is made at the surgeon’s request, and accomplished by clamping the Biopump outlet and then the Biopump inlet.

Interrupted Aortic Arch Arterial Cannulation

Initial Arterial Cannulation

· Patients with interrupted aortic arch require arterial cannulation both proximal and distal to the point of interruption to ensure adequate perfusion.  To this end, the surgeon will construct a bifurcated arterial line at the table.

· The two arterial cannulae must be equal in size to ensure that blood flow to the upper and lower body is equally distributed.  Accordingly, the perfusionist will determine what size arterial cannulae would safely accommodate the maximal blood flow rate required for adequate perfusion.  Typically, the proximal arterial cannulation site is the aortic root.  The distal arterial cannulation site is just distal to the interruption.

Post-Repair Arterial Cannulation
· The repair of interrupted aortic arch usually requires DHCA (see DHCA protocol above) during which one or both arterial cannulae are removed.

· After the repair has been effected, adequate perfusion necessitates only aortic root cannulation.  The perfusionist must make certain that the arterial cannula used is large enough to accommodate the maximal blood flow rate

SECTION 5: Transplant Protocols

Heart Transplant

Perfusionist Responsibilities

Steroid Administration
· The perfusionist is responsible for steroid administration.

CPB
· The perfusionist is responsible for the assembly and operation of the appropriate extracorporeal circuit.

CPB Set-Up & Management

Equipment Selection

	Arterial Filter Selection Guidelines For Transplant Cases

	Type
	Pall Leuco-Guard 6

	Criteria
	< 6000 ml/min


Cooling

· Patient is cooled to a bladder temperature of 28oC by maintaining a perfusate temperature of approximately 28oC unless requested otherwise by the attending surgeon.

Steroid Administration

Drug Regimen

· 30 mg/kg methylprednisolone (Solu-Medrol)

· maximum dose = 1 g

· Delivery Time
· Administer approximately 10 minutes prior to the first delivery of cardioplegia to the donor heart.  Consult the surgeon regarding the timing of steroid administration.

Cardioplegia

· At the surgeon’s discretion, 15 ml/kg cold maintenance cardioplegia is delivered antegrade to the donor heart. 

Post-Aortic Crossclamp Pharmacology

· Drug Regimen
· 250 mg/kg Mannitol

· maximum dose = 12.5 g

· Delivery Time
· Administer the regimen when the aortic crossclamp is released 
CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

1. 37oC bladder temperature

2. left atrial vent clamped and/or removed

3. ventilator on and functioning

4. stable cardiac rhythm
· CPB is then terminated in the usual manner.

Heart & Lung Transplantation

Perfusionist Responsibilities

Steroid Administration
· The perfusionist is responsible for steroid administration.

Pneumoplegia
· The perfusionist is responsible for the delivery of pneumoplegia.

CPB
· The perfusionist is responsible for the assembly and operation of the appropriate extracorporeal circuit.

Intraoperative Pneumoplegia Delivery for Heart & Lung Transplantation

Supplies

1. TURP administration set

2. Viaspan solution

3. 40 units regular insulin

4. 16 mg dexamethasone

Pre-Administration Instructions

1. Obtain TURP administration set, Viaspan, regular insulin, and dexamethasone from organ procurement supplies in the room between ORs 14 and 15.

2. Ice down 1 liter Viaspan solution when the harvest transplant team leaves for the donor hospital.

3. 40 units regular insulin and 16 mg dexamethasone are added to the Viaspan solution ONLY when the donor team has returned from the donor hospital.  Mix solution thoroughly.

Administration Instructions
1. Hand the TUR Y-Set sterilely to the sterile field.

2. When the scrub nurse passes off the TUR Y-Set, attach the Pall Blood Transfusion Filter and spike the ViaSpan.

3. Hang on IV pole and gravity prime the line to the field.

4. Wait for instructions to begin pneumoplegia delivery.

5. Guidelines for delivery of pneumoplegia

a) Heart & Lung Transplantation


· The first pneumoplegia dose is generally given when the lung comes out of cold storage.

· ~30 ml/kg is given at this time.

· Rarely, a second pneumoplegia dose is given just prior to reperfusion of the donor lung.

CPB Set-Up & Management

Equipment Selection

	Arterial Filter Selection Guidelines For Transplant Cases

	Type
	Pall Leuco-Guard 6

	Criteria
	< 6000 ml/min


Cooling

· Patient is cooled to a bladder temperature of 28oC by maintaining a perfusate temperature of approximately 28oC unless requested otherwise by the attending surgeon.

Steroid Administration

Drug Regimen

· 30 mg/kg methylprednisolone (Solu-Medrol)

· maximum dose = 1 g

· Delivery Time
· Administer approximately 10 minutes prior to the first delivery of cardioplegia to the donor heart.  Consult the surgeon regarding the timing of steroid administration.

Cardioplegia

· At the surgeon’s discretion, 15 ml/kg cold maintenance cardioplegia is delivered antegrade to the donor heart. 

Post-Aortic Crossclamp Pharmacology

· Drug Regimen
· 250 mg/kg Mannitol

· maximum dose = 12.5 g

· Delivery Time
· Administer the regimen when the aortic crossclamp is released 

CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

1. 37oC bladder temperature

2. left atrial vent clamped and/or removed

3. ventilator on and functioning

4. stable cardiac rhythm

· CPB is then terminated in the usual manner.

ABO Incompatible Heart Transplant
Overview

· The feasibility of the transplantation of a heart from incompatible blood group donors to young infants (largely group O) is based on that fact that anti-A and anti-B antibodies are not usually present for up to 6 months after birth.  Additionally, immunosuppressive therapy may discourage the later development of anti-A and anti-B antibodies.

· A recipient’s ABO antibody titer can be reduced to acceptable levels (< 2) by using the heart and lung machine to perform an exchange transfusion 3 times the recipient’s blood volume with an antibody free solution composed of leukocyte depleted / ABO antigen reduced red blood cells, compatible plasma, and 25% albumin.
Perfusionist Responsibilities

· The “perfusionist responsibilities” outlined below require that both the primary and secondary perfusionists be present for case set-up.

ABO Antigen Titer Reduction

· The backup perfusionist is responsible for ABO antigen titer reduction of leukocyte depleted packed red blood cells (LPRCA's) and scavenged blood using a cell saver.
Steroid Administration

· The primary perfusionist is responsible for steroid administration.

CPB

· The primary perfusionist is responsible for the assembly and operation of the appropriate extracorporeal circuit.

Case Scheduling 

1. The transplant coordinator will notify the perfusionist that an ABO-incompatible transplant is scheduled.

2. The perfusionist will verify the specific blood type of the donor and the recipient with the transplant coordinator.

3. The perfusionist will also verify with the coordinator that the blood bank has been notified.

Blood Product Ordering

Pre-op

1. On arrival at the hospital, the perfusionist will call the blood bank (phone #6-6888) and verify that the appropriate type and amount of hard-spun red blood cells (RBC’s) or leukocyte depleted packed red blood cells (LPRCA's) and plasma have been ordered for the pump prime and complete exchange transfusion.  Use the tables below as a guide.
2. If hard-spun RBC’s are unavailable, then washing the LPRCA’s in the cell saver will take 1 to 1.75 hours, therefore, the blood products will need to be in the OR at least one hour before the patient is scheduled to be in the OR suite.  It the perfusionist's responsibility to verify that the correctly typed products have been sent.
Blood Product Compatibility Table


[image: image16]
Blood Products Required for Pump Prime per kg Weight of Recipient Table
	Patient weight (kg)
	Units: hard-spun RBC’s or LPRCA’s*
	cc of Plasma / ~ Units

	3
	4 + 3
	600cc / ~3

	5
	5 + 3
	800 cc / ~ 4

	7
	6 + 3
	1000 cc / ~ 5

	10
	7 + 3
	1600 cc / ~ 8


*LPRCA’s include the units needed for the pump prime and exchange transfusion plus 3 units ahead.

Intra-op

1. The circulator will maintain 3 hard-spun RBC’s or LPRCA units ahead in the blood refrigerator.
· It is the responsibility of both the primary and secondary perfusionists to inform the circulator whenever using blood products.

2. The circulator at the initiation of rewarming will order platelets.
· The number of platelet units will be determined by the staff anesthesiologist.
3. The circulator at the initiation of rewarming will order 1 unit of hard-spun RBC’s.
· The unit of hard-spun red blood cells will be taken upstairs to POD A during patient transport.
· Hard-spun cells require one hour to prepare and have a 24 hour expiration time.
· If the unit of hard-spun red blood cells is administered prior to patient transport, then the staff anesthesiologist will have the circulator order additional unit(s) of hard-spun red blood cells.
Cell Saver Technique for ABO Antigen Titer Reduction

· Cell saver operation is the responsibility of the backup perfusionist.

· Washed red blood cells must be administered within 4 hours of processing when stored at room temperature and within 24 hours of the start of collection when stored at 6oC.
Disposables

1. Cobe Brat cardiotomy

2. Dideco 225 ml bowl cell saver kit

3. (15 - 30) 1 liter bags of Normosol R
4. (1) 2 or 3 liter evacuated bag (located 0.9% NaCl solution shelf next to the cardioplegia make-up kit)

5. (3) Quick Prime lines

6. ¼” Y connector

7. sampling site couplers

Transfer Y Assembly 

1. Attach a Quick Prime line to each arm of the ¼” y connector.

2. Use the diagram below as a guide.

Transfer Y Assembly Diagram
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Cell Saver Technique

· All units of LPRCA’s will be washed in the cell saver prior to transfusion according to the following procedure.
1. Wash solution consists of Normosol R with 20 mEq of NaHCO3 and 300 mg of CaCl2 added.  (If Normosol R pH7.4 is available, then additional NaHCO3 is unnecessary.)
2. Before washing, add 1500 U Heparin to each unit of LPRCA's and mix well.
3. Each unit is diluted with 600 cc Normosol as it is dropped into the reservoir.  Rock the reservoir slowly to mix without creating bubbles.
4. Each bowl is washed with 3.5 L of wash solution.
5. Fill and wash speed are programmed at 200 cc / min Standard wash (NOT BQW).
6. The first bowl of cell saver is removed from the collection bag via a transfer pack and given to the primary perfusionist to use in priming the pump.  Subsequent bowls are left in the collection bag to be used for the blood exchange transfusion.
7. Wash the appropriate number of bowls per the kg wt of the patient and add plasma and 25 % albumin per the following table.
Blood Exchange Transfusion Solution Composition Table

	Weight (kg)
	Blood Exchange Transfusion Volume (ml)
	Plasma / Washed Red Blood Cells (ml)
	25% Albumin (ml)

	3
	900
	450 / 450
	56

	4
	1200
	600 / 600
	75

	5
	1500
	750 / 750
	94

	6
	1800
	900 / 900
	112

	7
	2100
	1050 / 1050
	131

	8
	2400
	1200 / 1200
	150

	9
	2700
	1350 / 1350
	169

	10
	3000
	1500 / 1500
	187


8. Using the transfer Y assembly, transfer the blood exchange transfusion solution to evacuated 2 or 3 liter bags and give to the perfusionist in charge of the heart and lung machine.  Use the diagram on the following page as a guide.

Transfer Technique Diagram
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9. When the appropriate composition of the blood exchange transfusion solution has been achieved, remove the blood exchange transfusion bag from the transfer Y and seal it with a sampling site coupler.

10. Add 900 units heparin per kg to the blood exchange transfusion solution.

11. Check the electrolyte concentration of the blood exchange transfusion solution.  Correct the serum [Ca++] to ~0.8 mmol/l.

Extracorporeal Circuit Components

1. Terumo Baby RX or SX10 oxygenator with CVR

2. Neonatal or Infant Tubing Pack

3. Cardioplegia / MUF Circuit

4. Minntech HPH 400 Hemoconcentrator

5. Capiox Pediatric Arterial Filter

6. Pall Leukoguard-6 Arterial Filter

7. (1) evacuated 2 or 3 liter bag (located 0.9% NaCl solution shelf next to the cardioplegia make-up kit)

8. (1) Quick Prime Line

9. (1)3/8” x 6’ PVC tubing

10. (1) 6’ x ¼” PVC tubing

11. (1) ¼” Y connector

12. (2) ¼” x 3/8” connectors

Circuit Modification

· The pump is built according to the standard pediatric heart transplant protocol, with the exception of the venous line.

· Use the diagram on the second following page as a guide to complete the modifications listed below.

1. Cut the Capiox Pediatric arterial filter bypass line in half.

2. Insert a ¼” x 3/8” connector into each open end of the Capiox Pediatric arterial filter bypass line.

3. Cut 2 ~3” pieces of 3/8” PVC tubing.

4. Attach the pieces of 3/8” PVC tubing to the ¼” x 3/8” connectors.

5. Insert the Pall Leukoguard-6 arterial filter into the modified Capiox Pediatric arterial filter bypass line.  In this way, another arterial line filter is available should the Leukoguard-6 arterial filter become obstructed.

6. It is recommended that the Capiox Pediatric arterial filter is primed antegrade.  The Pall Leukoguard-6 arterial filter is then primed retrograde.

7. A 6” length of the venous line is cut.  Insert a ¼” Y connector and attach the 6” length of ¼” tubing.  The modified venous line is attached to the CDI cuvette and then attached to the venous port of the oxygenator in the usual manner.

8. Trim the Quick Prime Line to ~8” preserving the cricket clamp.

9. Attach the modified Quick Prime Line to the free arm of the ¼” Y connector.

10. It is recommended that the free arm of the venous line is clamped with a tubing clamp in case the cricket clamp fails.

11. Spike the evacuated 1 liter bag onto the Quick Prime Line.

Extracorporeal Circuit Prime Technique

· When blood is required for the prime, an equivalent volume of the washed cells is substituted in its place.
1. After flushing with CO2, prime and de-air the extracorporeal circuit with ~1000 ml Normosol R.  (If Normosol R pH 7.4 is used, do not add NaHCO3 until the prime pH has been tested.)

2. Add the following constituents:

a) 0.25 g per kg Mannitol

b)  10 – 20 mEq NaHCO3
c) 100 units per kg Heparin

d) LPRCA’s for patient-machine Hct of 25 – 30%

4. Recirculate the prime at 38oC.

5. Take a sample of the prime for hematocrit, blood gas, and electrolyte analysis.  Correct to normal values if necessary.  The Hct should be approximately 25 - 30%.

6. Spike the prepared bag of blood exchange transfusion solution onto the filtered arm of the priming line of the pump.
ABO Incompatible Heart Transplant Extracorporeal Circuit Diagram
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CPB Initiation and Complete Exchange Transfusion Technique

· Use the diagram on the preceding page as a guide to this technique.

· Do not turn on cardiotomy suckers, left ventricular vent, or aortic needle vent until the exchange transfusion is complete.
1. The patient is heparinized with 300 - 400 units/kg for a resultant ACT of > 480 seconds.

2. The patient is then cannulated.

3. Both arms of the venous line are clamped distal to the ¼” Y connector

4. On the surgeon’s command, the perfusionist removes the clamp on the free arm of the venous line and exsanguinates the equivalent of 3 times the calculated blood volume (~0.085 x kilogram weight) into an evacuated 2 or 3 liter bag.  For larger patients, it may be necessary to use a second bag.

5. While coming up to full flow, release the clamp on the prepared bag of blood exchange transfusion solution to replace the volume being diverted from the reservoir.  Be careful not to drain or overflow the reservoir.
6. Once all of the blood exchange transfusion solution has been transferred to the reservoir and an appropriate level in the reservoir has been achieved, simultaneously clamp the blood scavenge line and unclamp the venous line into the reservoir.
7. Full CPB is then initiated in the usual manner.

8. Remove the blood scavenge bag from the free arm of the venous line.  Clamp and cap the free arm of the venous line.  Spike the blood scavenge bag with a sampling site coupler and give it to the backup perfusionist to process.

9. Perform an arterial blood gas and ACT and make the appropriate corrections.

Post Exchange Transfusion Pharmacology

· Consult anesthesia regarding additional administration pharmacological agents following the exchange transfusion.  All pharmacological agents may be given either via the extra-corporeal circuit or a central line.  The pharmacological agents listed below are given after the exchange transfusion and CPB stabilization.
· aprotinin: If the test dose administered prior to CPB initiation is negative, the aprotinin loading and pump prime doses are administered slowly over a 15 - 30 minute period after the exchange transfusion.  Do not administer aprotinin as a bolus during CPB.
· mannitol: Administer 0.25 g mannitol.

· antibiotic: Anesthesia staff will administer the antibiotic dose in the usual manner.  Following the exchange transfusion, the initial dose, given by anesthesia, will be repeated.  The perfusion dose will also be administered following the exchange transfusion.

· anesthetics: Administer the anesthetic agents prescribed by the staff anesthesiologist.  Maintain 1.0% isofluorane throughout CPB.

ABO Antigen Titer Determination & Reduction during CPB

1. When CPB has stabilized, send 10 cc samples of “perfusate” and “scavenged blood” to the blood bank for ABO antigen titer determination using sterile technique.  Label the samples with the patient's ID.  Appropriately mark the samples "perfusate blood" or "scavenged blood".  Have the backup perfusionist transport the samples to the blood bank ASAP.
2. ABO antigen titer determination requires a minimum of twenty minutes to run each titer. The blood bank will call into the O.R. suite with the titer information.
3. If the titer is less than 2, then antibody removal is accomplished, and CPB can be managed in the usual manner.
4. If the titer for the perfusate is 2 or greater, the complete exchange transfusion will have to be repeated.  This is done at the discretion of the surgeon.
5. At least one additional sample of the perfusate will be sent for ABO antigen titer determination approximately 1/2 hour before the cross-clamp release.  It is the perfusionist's responsibility to coordinate the timing with the surgeon.  The target value of the ABO antigen titer prior to aortic crossclamp removal is zero; however, a titer < 2 may be acceptable.  Consult the surgeon titer acceptability.  It may become necessary to run additional titers, but at present the above mentioned are the only ones anticipated.
Scavenged Blood Processing Technique

1. The blood that was collected in the bag off the venous line during the 3 x body washout is washed in the cell saver and returned to the patient.

2. Once the titer of the scavenged blood has been determined, it is washed according to the table below.

3. Each liter of Normosol should have 20 mEq of NaHCO3 and 300 mg of CaCl2 added to it.

4. The Prime and Wash speed of the cell saver should both be set at 200 cc/min.

Cell Saver Wash Volume per Scavenged Blood ABO Antigen Titer Table
	ABO Antigen Titer
	cc of Normosol / NaHCO3 / CaCl2 solution

	256
	3500

	128
	3000

	64
	2500

	32
	2000

	16
	1500

	8
	1500

	4
	1500


Wash Volume vs Initial Titer Graph
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CPB Management

Cooling

· Patient is cooled to a bladder temperature of 28oC by maintaining a perfusate temperature of approximately 28oC unless requested otherwise by the attending surgeon.

Steroid Administration

Drug Regimen

· 30 mg/kg methylprednisolone (Solu-Medrol)

· maximum dose = 1 g

· Delivery Time
· Administer approximately 10 minutes prior to the first delivery of cardioplegia to the donor heart.  Consult the surgeon regarding the timing of steroid administration.

Cardioplegia

· At the surgeon’s discretion, 15 ml/kg cold maintenance cardioplegia is delivered antegrade to the donor heart. 

Post-Aortic Crossclamp Pharmacology

· Drug Regimen
· 250 mg/kg Mannitol

· maximum dose = 12.5 g

· Delivery Time
· Administer the regimen when the aortic crossclamp is released 
CPB Termination

· The following conditions must be met before the patient is weaned from CPB.

5. 37oC bladder temperature

6. left atrial vent clamped and/or removed

7. ventilator on and functioning

8. stable cardiac rhythm
· CPB is then terminated in the usual manner.

Section 6: Pediatric Ventricular Assist 

PVAD Set-Up and Priming ICU

28. Hang one 250 ml bag of 0.9 NaCl on VAD cart IV pole.

29. Open sterile PVAD pack and remove contents.

30. Place Bio-Pump in remote tether holder.

31. Close cricket clamp on quick-prime line on proximal side of circuit.

32. Spike the NaCl bag with the proximal quick-prime line.

33. Holding the Bio-Pump above the fluid level, unclamp the quick-prime line. 

34. Slowly prime the circuit by lowering it and letting the fluid passively fill the tubing and Bio-Pump. (Maintain an intact meniscus to prevent unnecessary air bubbles from forming).

35. When priming the Bio-Pump, as the fluid level approaches the base, begin slowly tilting it, keeping the out-flow port at the highest point. (this will facilitate displacement of air and help maintain a stable meniscus)

36. Continue priming the out-flow tubing. 

37. Close the cricket clamp on the distal quick-prime once the fluid meniscus reaches the IV spike on the tip.

38. Spike the quick-prime into the second access port on the NaCl bag and then open the cricket clamp.

39. Turn on the pump and allow the VAD to re-circulate while de-airing.

PVAD Set-up and Priming via CPB circuit

40. Open VAD pack and hand up sterile table lines to the field.

41. Attach ¼” tubing w/ perfusion adapter to the end of the ¼” x ¼” connector on the proximal (in-flow) line.

42. Attach and prime (saline syringe) DLP pressure line w/ stopcock to the ¼”x ¼” connector luer.

43. Attach one end of 3” section of ¼” tubing to the flow probe on the out-flow line. The opposite end is connected to a port on the venous reservoir.

44. Attach perfusion adapter on proximal line to either the purge line manifold or the Shoba’s-line stopcock. The VAD circuit is now ready for priming.

45. Increase your reservoir level by 100 ml with appropriate fluid to maintain adequate hematocrit.

46. Prime VAD circuit using standard Bio-Pump priming technique.

47. After priming, flow can be maintained through the VAD circuit to facilitate de-airing.

48. Stop flow through VAD.

49. Clamp proximal line distal to luer connector and distal line proximal to flow probe.

50. Remove the ¼” tubing ends from both the flow probe and ¼” x ¼” connector. The table lines may now be attached.

51. Attach table lines to circuit.

52. Attach appropriate feed line to stopcock at the DLP and ¼” connector junction.

53. Using flow from feed line while adjusting clamps, prime both table lines up to the field.

54. Disconnect feed line from circuit and cap stopcock. Circuit is now ready for connection to patient.
PVAD / Oxygenator Set-up and Priming via CPB circuit

55. Open VAD pack and hand up sterile table lines to the field.

56. Open Medtronic oxygenator and attach appropriate dead-enders.

57. Make a sterile cut on the out-flow line distal to the flow probe.

58. Connect oxygenator

59. Attach ¼” tubing w/ perfusion adapter to the end of the ¼” x ¼” connector on the proximal (in-flow) line.

60. Attach and prime (saline syringe) DLP pressure line w/ stopcock to the ¼”x ¼” connector luer.

61. Attach one end of 3” section of ¼” tubing to the flow probe on the out-flow line. The opposite end is connected to a port on the venous reservoir.

62. Attach perfusion adapter on proximal line to either the purge line manifold or the MUF line stopcock. The VAD circuit is now ready for priming.

63. Increase your reservoir level by 100 ml with appropriate fluid to maintain adequate hematocrit.

64. Prime VAD circuit using standard Bio-Pump priming technique.

65. After priming, flow can be maintained through the VAD circuit to facilitate de-airing.

66. Stop flow through VAD.

67. Clamp proximal line distal to luer connector and distal line proximal to flow probe.

68. Remove the ¼” tubing ends from both the flow probe and ¼” x ¼” connector. The table lines may now be attached.

69. Attach table lines to circuit.

70. Attach appropriate feed line to stopcock at the DLP and ¼” connector junction.

71. Using flow from feed line while adjusting clamps, prime both table lines up to the field.

72. Disconnect feed line from circuit and cap stopcock. Circuit is now ready for connection to patient.

Section 7: Management of Jehovah’s Witness Patients

Overview

· Jehovah’s Witnesses are an evangelical Protestant sect whose fundamentalist interpretation of the Bible precludes transfusion of homologous blood products or of autologous blood products that have been isolated from the body.  Consequently, those Jehovah’s Witnesses and their children who undergo open heart surgery place themselves at increased risk of morbidity and mortality.  This is particularly true for neonatal, infant, and pediatric patients.  While medical professionals may not agree with this tenet of Jehovah’s Witnesses’ religious belief, it is their responsibility to respect and comply with the patient’s wishes regardless of the consequences to that patient’s condition.

· The task of the cardiac surgical team is to formulate an overall medical strategy that may reduce the risk of morbidity and mortality.  The strategy should probably include the following:

· Reduce the risk of patient hemorrhage.  For example, discontinue platelet inhibiting drugs such as ASA, persantine,or Plavix, and anticoagulants such as warfarin (Coumadin) or heparin.

· Begin a pre-surgical regimen of erythropoetin, FeSO4, and/or folate to increase the patient’s red blood cell count.

· Use antifibrinolytic drugs such as aprotinin or epsilon-amino-caproic acid (Amicar) to reduce intra-operative and post-operative bleeding.

· Minimize number and amount of blood samples.  For example, only remove 0.5 cc blood for an ACT test or a blood gas/electrolyte profile.

· Ascertain if the patient’s belief precludes albumin administration.  If so, ascertain if the patient can be administered 6% hetastarch (Hespan) safely as an alternative blood volume expander.

· Integrate red cell salvaging equipment into the extra-corporeal circuit.

· Minimize the prime volume of the extracorporeal circuit.

· Use techniques to minimize the need for fluid administration.

· Use modified ultrafiltration when ever possible.

Neonatal Circuit Hct Dilution Chart (1 – 8 kg)
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Flow Range: <1200 ml/min

Prime Volume: 350 ml

Reservoir Volume: 50 ml

Equipment:

1. Sorin Lilliput 1

2. Cobe Micro Reservoir

3. neonatal tubing pack

4. 3/16 – 1/4” arterial boot

5. Capiox Infant ALF

6. 4:1 Pediatric CP/MUF System

7. Cell Saver

Infant Circuit Hct Dilution Chart (8 – 20 kg)
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Flow Range: 1200 – 2500 ml/min

Prime Volume: 400 ml

Reservoir Volume: 0 ml

Equipment:

1. Sorin Lilliput 2

2. infant tubing pack

3. 3/8” arterial boot

4. Capiox Infant ALF

5. 4:1 Pediatric CP/MUF System

6. Cell Saver

7. Vacuum Assisted Drainage Kit

Pediatric Circuit Hct Dilution Chart (20 – 30 kg)
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Flow Range: 2500 – 3000 ml/min

Prime Volume: 550 ml

Reservoir Volume: 0 ml

Equipment:

1. Terumo SX-10 Oxygenator

2. pediatric tubing pack

3. 3/8” arterial boot

4. Intersept Pediatric ALF

5. 4:1 Pediatric CP System

6. Cell Saver

Small Adult Circuit Hct Dilution Chart (30 – 55 kg)
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Flow Range: 3000 – 4000 ml/min

Prime Volume: 1000 ml

Reservoir Volume: 0 ml
Equipment:

1. Terumo SX-10 Oxygenator

2. small adult tubing pack

3. ½” arterial boot

4. Bard H-675 ALF

5. 4:1 Pediatric CP System

6. Cell Saver

7. Vacuum Assisted Venous Drainage Kit
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Adult Circuit Hct Dilution Chart (> 55 kg)

Flow Range: > 4000 ml/min

Prime Volume: 1150 ml

Reservoir Volume: 0 ml

Equipment:
1. Medtronic Affinity

2. Adult tubing pack

3. ½” arterial boot

4. Bard H-675 ALF

5. 4:1 Pediatric CP system

6. Cell Saver

Section 8: Emergency Procedures

· Please note that these emergency procedures are general guidelines that may or may not apply in exact detail to clinical emergent situations.  No perfusionist is liable for not following these procedures exactly during clinical emergent situations.  Rather, these procedures are intended to help prepare the perfusionist to resolve clinical emergent situations in a timely manner.
Failed Neonatal, Infant, or Pediatric Oxygenator Change Out

Purpose

· To replace a failed or damaged oxygenator prior, during, or after cardiopulmonary bypass.

· Since cardiopulmonary bypass must be terminated during oxygenator change out, the patient can be at high risk of hypoxic injury.

· While the process as outlined below is not the only method for changing a failed oxygenator, the perfusionist should use his/her discretion as to the most appropriate procedure based on patient and surgical circumstances.

· This procedure should be reviewed periodically and practiced during simulations to ensure familiarization with the procedure and minimize patient risk.

Requisites

· Due to the fact that stand alone neonatal, infant, and pediatric oxygenators are not stocked the oxygenator and its integrated venous cardiotomy reservoir are both changed out.

1. If available, 2 perfusionists are needed to perform this procedure. The object is to minimize the time off cardiopulmonary bypass and to preserve sterility of the cardiopulmonary bypass circuit.  The assisting perfusionist should act under the direction of the primary perfusionist.

2. If poor oxygenator performance is suspect, perform patient oxygen consumption calculation.  The patient’s oxygen consumption may have exceeded the oxygen delivery capacity of the oxygenator.

· Oxygen Consumption (ml/min) = {(Arterial Saturation (decimal) – Venous Saturation (decimal)) x 1.34 x Hgb (gm/dl) x Blood Flow Rate (ml/min)} / 100

Normal VO2 Ranges Stratified by Age

Neonates: 5 – 8 ml/kg/min of oxygen

Pediatric: 4 – 6 ml/kg/min of oxygen

 (Gravlee, et al, Cardiopulmonary Bypass: Principles and Practice, Baltimore, 1993, 659.)

3. If patient oxygen consumption is high, verify that the patient is adequately anesthetized and paralyzed.  Rule out malignant hyperthermia.

4. If poor oxygenator performance remains suspect, consult the attending CV surgeon and anesthesiologists prior to initiation of oxygenator change out procedure.

Procedure

Prepare the Patient

· If the patient is capable of normal cardiac function, fill the patient and terminate cardiopulmonary bypass in the normal manor.

· If the patient is incapable of normal cardiac function, consider cooling the patient for a short period of circulator arrest.

· Open CPR can be performed to provide circulation during arrest period.

· Consider packing the head in ice and the use of systemic topical hypothermia.

Cobe Micro Change Out

Supplies

1. New  stand alone oxygenator or with integrated venous/cardiotomy reservoir

2. (6) Tubing clamps

3. Sterile scissors

Prepare the Oxygenator To Be Added

· Open and inspect a new oxygenator for defects.

· Ensure that the recirculation line is closed.

Prepare the Oxygenator To Be Removed

· Turn off heater-cooler, disconnect from oxygenator and move out of way.

· Remove the gas scavenging line.

Oxygenator Change Out

1. Terminate cardiopulmonary bypass in the appropriate manner.

2. Start a timer to record the circulatory arrest period.

3. Move the oxygen line to the new oxygenator.

4. Using sterile technique, pry the arterial line from the failed oxygenator and connect it to the blood out port of the new oxygenator with integrated venous/cardiotomy reservoir.

5. Using sterile technique, pry the tubing from the blood in port of the failed oxygenator and move it to the blood in port of the new oxygenator.

6. Remove the recirculation line from the old oxygenator and attach it to the new oxygenator.

7. Connect the two purge lines from the new oxygenator to the venous/cardiotomy reservoir.

8. Add the appropriate amount of Normosol R to the venous/cardiotomy reservoir.

9. Prime the oxygenator.  Ensure that the recirculation and purge lines are unclamped and recirculate until all air is removed from the new oxygenator.

10. Clamp the recirculation and purge lines.

11. Clamp the arterial line distal to the arterial line filter, open the arterial line filter purge line, and remove the clamp at the blood out port.  Any residual air in the arterial line trapped at the blood out port will be purged through the arterial line filter.

12. When all air is removed turn off the pump, close the arterial line filter purge and resume cardiopulmonary bypass in the usual manner.

13. Stop the circulatory arrest timer and record time.

14. Attach the heater-cooler, arterial temperature probe and gas scavenging line.

15. Remove sucker and ventlines from failed unit and attach to new venous/cardiotomy reservoir.

16. When convenient, scavenge the blood left over in the failed unit into the new system.

Masterflow Infant and Pediatric Change Out

Supplies

1. Oxygenator

2. (6) Tubing clamps

3. A blanket to absorb spilled blood

Prepare the Oxygenator To Be Added

· Open and inspect a new oxygenator for defects.

· Separate the new oxygenator from the venous reservoir.

· Rotate the new oxygenator’s recirculation line valve until it separates from the venous reservoir

Prepare the Oxygenator to Be Removed

· Turn off heater-cooler, disconnect from oxygenator and move out of way.

· Detach the failed oxygenator from the venous reservoir and let it hang loose.  An assistant should ensure that the venous reservoir does not drop from the holder.

· Spread a blanket under the failed oxygenator to absorb spilled blood, which may occur during the change out procedure.

Oxygenator Change Out

1. Terminate cardiopulmonary bypass in the appropriate manner.  Clamp the arterial line distal to the arterial line filter.  Clamp the venous line and close the arterial filter purge line.

2. Start a timer to record the circulatory arrest period.

3. Move the oxygen line to the new oxygenator.

4. Raise the failed oxygenator above the blood level in the venous reservoir and open the recirculation line.

5. Clamp the tubing near the blood in port of the failed oxygenator and pry off the tubing. 

6. Have the assistant attach the clamped tubing to the blood in port of the new oxygenator while allowing sufficient time for the blood to drain from the failed oxygenator into the venous reservoir.

7. Rotate the failed oxygenator’s recirculation line valve until it separates from the venous reservoir and attach the new oxygenator recirculation valve to the venous reservoir.

8. Pry the arterial line tubing from the blood out port of the failed oxygenator and reattach it to the blood out port of the new oxygenator.

9. Remove the clamp on the blood in tubing and begin filling the new oxygenator. 

10.  Ensure that the recirculation line valve is rotated to the open position and recirculate until all air is removed from the new oxygenator.  Tilt the oxygenator to remove the air trapped in the arterial line at the blood out port of the oxygenator.

11. Open the arterial filter purge line, and remove the clamp at the blood out port.  Any residual air in the arterial line trapped at the blood out port will be purged through the arterial line filter.

12. When all air is removed, stop the pump, close the recirculation valve, close the arterial line filter purge, and resume cardiopulmonary bypass in the usual manner.

13. Stop the circulatory arrest timer and record time.

14. Mate the oxygenator to the venous reservoir to ensure stability.

15. Reattach the heater-cooler and gas scavenging line. 

Risk Management

· Sequester the failed oxygenator for further investigative testing according to the “Failed Medical Device” OR policy.

· Completely document the incident according to OR policy.

Failed Adult Oxygenator Change Out

Purpose

· To replace a failed or damaged oxygenator prior, during or after cardiopulmonary bypass.

· Since cardiopulmonary bypass must be terminated during oxygenator change out, the patient can be at high risk of hypoxic injury.

· This procedure should be reviewed periodically and practiced during simulations to ensure familiarization with the procedure and minimize patient risk.

Requisites

1. If poor oxygenator performance is suspect, perform patient oxygen consumption calculation.  The patient’s oxygen consumption may have exceeded the oxygen delivery capacity of the oxygenator.

· Oxygen Consumption (ml/min) = {(Arterial Saturation (decimal) – Venous Saturation (decimal)) x 1.34 x Hgb (gm/dl) x Blood Flow Rate (ml/min)} / 100

Normal VO2 Ranges Stratified by Age

Adult: 3 – 5 ml/kg/min of oxygen

(Gravlee, et al, Cardiopulmonary Bypass: Principles and Practice, Baltimore, 1993, 659.)

2. If patient oxygen consumption is high, verify that the patient is adequately anesthetized and paralyzed.  Rule out malignant hyperthermia.

3. If poor oxygenator performance remains suspect, consult the attending CV surgeon and anesthesiologists prior to initiation of oxygenator change out procedure.

Supplies

1. Oxygenator

2. (6) Tubing clamps

3. A blanket to absorb spilled blood

Procedure

Prepare the Patient

· If the patient is capable of normal cardiac function, fill the patient and terminate cardiopulmonary bypass in the normal manner.

· If the patient is incapable of normal cardiac function, consider cooling the patient for a short period of circulator arrest.

· Open CPR can be performed to provide circulation during arrest period.

· Consider packing the head in ice and the use of systemic topical hypothermia.

Prepare the Oxygenator To Be Added

· Open and inspect a new oxygenator for defects.

· Separate the new oxygenator from the venous reservoir.

Prepare the Oxygenator To Be Removed

· Turn off heater-cooler, disconnect from oxygenator and move out of way.

· Remove the arterial temperature probe and gas scavenging line.

· Detach the failed oxygenator from the venous reservoir and let it hang loose.

· Spread a blanket under the failed oxygenator to absorb spilled blood, which may occur during the change out procedure.

Oxygenator Change Out

1. Terminate cardiopulmonary bypass in the appropriate manner.  Clamp the arterial line distal to the arterial line filter.  Clamp the venous line and close the arterial filter purge line.

2. Start a timer to record the circulatory arrest period.

3. Move the oxygen line to the new oxygenator.

4. Raise the failed oxygenator above the blood level in the venous reservoir and open the recirculation line.

5. Clamp the tubing near the blood in port of the failed oxygenator and pry off the tubing. 

6. Have the assistant attach the clamped tubing to the blood in port of the new oxygenator while allowing sufficient time for the blood to drain from the failed oxygenator into the venous reservoir.

7. Pry the recirculation line from the failed oxygenator and move it to the new oxygenator.  

8. Pry the arterial line tubing from the blood out port of the failed oxygenator and reattach it to the blood out port of the new oxygenator.

9. Remove the clamp on the blood in tubing and begin filling the new oxygenator. 

10. Ensure that the recirculation line is unclamped and recirculate until all air is removed from the new oxygenator.   Tilt the oxygenator to remove the air trapped in the arterial line at the blood out port of the oxygenator.

11. Open the arterial filter purge line, and remove the clamp at the blood out port.  Any residual air in the arterial line trapped at the blood out port will be purged through the arterial line filter.

12. When all air is removed, stop the pump, clamp the recirculation line, close the arterial line filter purge, and resume cardiopulmonary bypass in the usual manner.

13. Stop the circulatory arrest timer and record time.

14. Reattach the heater-cooler, arterial temperature probe and gas scavenging line. 

Risk Management

· Sequester the failed oxygenator for further investigative testing according to the “Failed Medical Device” OR policy.

· Completely document the incident according to OR policy.

Infant and Pediatric Open Venous/Cardiotomy Reservoir Change Out

Purpose

· To replace a failed or damaged cardiotomy reservoir prior, during or after cardiopulmonary bypass.  Since cardiopulmonary bypass must be terminated during venous reservoir change out, the patient can be at high risk of hypoxic injury.  This procedure should be reviewed periodically and practiced during simulations to ensure familiarization and minimize patient risk. 

Requisites

· Consult the attending CV surgeon prior to initiation of cardiotomy reservoir change out.

Supplies

1. Cardiotomy Reservoir

2. (6) tubing clamps

3. (2) tubing connectors of appropriate size

4. (1) 6” stub of appropriate size tubing 

5. (1) sterile scissor

Procedure

· If poor venous reservoir function is due to high volumes of sucker and vent return, consider adding a sucker cardiotomy.  The additional blood handling properties of a sucker cardiotomy may eliminate the need to terminate cardiopulmonary bypass for venous reservoir change out.

· Attempt to repair small cracks or leaks in the reservoir with bone wax.

Prepare the New Venous Reservoir

· Connect the tubing stub with a tubing connector attached, to the new venous reservoir outlet and clamp it.

· Connect a venous sampling line to the new venous reservoir venous sampling site.

Prepare the Patient

· If the patient is capable of normal cardiac function, fill the patient and terminate cardiopulmonary bypass in the normal manner.

· If the patient is incapable of normal cardiac function, consider cooling the patient for a short period of circulator arrest.

· Open CPR can be performed to provide circulation during arrest period.

· Consider packing the head in ice and the use of systemic topical hypothermia.

Venous Reservoir Change Out

1. Terminate cardiopulmonary bypass in the appropriate.  Clamp the arterial and venous lines and close the arterial filter purge line.
2. Stop the vent and sucker pumps.
3. Start a timer to record the circulatory arrest period.

4. Have an assistant hold the new venous reservoir close to facilitate moving lines to the new reservoir.

5. Double clamp the tubing near the outlet of the defective venous reservoir and sterilely cut the tubing.

6. Attach the cut end of the tubing proximal to the pump boot to the tubing connector at the outlet of the new venous reservoir. 

7. Double clamp the venous line very near the venous inlet of the failed venous reservoir.

8. Sterilely cut between the clamps and attach the venous line to the new venous reservoir inlet site.

9. Disconnect the outflow tubing from the blood sampling manifold and attach the tubing from the new venous reservoir venous blood sampling site.

10. Add an adequate amount of Normosol-R to the new venous reservoir.

11. Remove the clamps from the outlet of the new venous reservoir and walk any residual air in the tubing back to the reservoir.

12.  Reestablish cardiopulmonary bypass in the usual manner.

13. Stop the circulatory arrest timer and record time.

14.  Detach the defective venous reservoir from the oxygenator and place it out of the way.

15. Attach the new venous reservoir to the oxygenator.  Caution must be exercised to ensure that no air is permitted to exit the outflow of the venous reservoir during this manipulation.

16. Transfer the vent and sucker lines to the new venous reservoir and turn the pumps on.

Risk management

· Sequester the failed reservoir for further investigative testing according to the “Failed Medical Device” OR policy.

· Completely document the incident according to OR policy.

Adult Open Venous/Cardiotomy Reservoir Change Out

Purpose

· To replace a failed or damaged cardiotomy reservoir prior, during or after cardiopulmonary bypass.  Since cardiopulmonary bypass must be terminated during venous reservoir change out, the patient can be at high risk of hypoxic injury.  This procedure should be reviewed periodically and practiced during simulations to ensure familiarization and minimize patient risk. 

Requisites

· Consult the attending CV surgeon prior to initiation of cardiotomy reservoir change out.

Supplies

1. Cardiotomy Reservoir

2. (6) Tubing Clamps

3. (2)  3/8” tubing connectors

4. (1) 6” stub of 3/8” tubing 

5. Sterile scissors

Procedure

· If poor venous reservoir function is due to high volumes of sucker and vent return, consider adding a sucker cardiotomy.  The additional blood handling properties of a sucker cardiotomy may eliminate the need to terminate cardiopulmonary bypass for venous reservoir change out.

· Attempt to repair small cracks or leaks in the reservoir with bone wax.

Prepare the New Venous Reservoir

· Connect the tubing stub with a tubing connector attached, to the new venous reservoir outlet and clamp it.

Prepare the Patient

· If the patient is capable of normal cardiac function, fill the patient and terminate cardiopulmonary bypass in the normal manner.

· If the patient is incapable of normal cardiac function, consider cooling the patient for a short period of circulator arrest.

· Open CPR can be performed to provide circulation during arrest period.

· Consider packing the head in ice and the use of systemic topical hypothermia.

Venous Reservoir Change Out

1. Terminate cardiopulmonary bypass in the appropriate.  Clamp the arterial and venous lines and close the arterial filter purge line.
2. Stop the vent and sucker pumps.
3. Start a timer to record the circulatory arrest period.

4. Have an assistant hold the new venous reservoir close to facilitate moving lines to the new reservoir.

5. Remove the recirculation line from the defective venous reservoir and attach it to the recirculation port of the new venous reservoir.

6. Unclamp the recirculation line and pump the remaining blood from the defective venous reservoir into the new venous reservoir.  Clamp the recirculation line when the blood volume in the defective venous reservoir is exhausted.

7. Double clamp the tubing near the outlet of the defective venous reservoir and sterilely cut the tubing.

8. Attach the cut end of the tubing to the tubing connector at the outlet of the new venous reservoir. 

9. Remove the clamp from the outlet of the new venous reservoir and walk any residual air in the tubing back to the reservoir.

10. Transfer the venous line to the new venous reservoir and reestablish cardiopulmonary bypass.

11. Stop the circulatory arrest timer and record time.

12. Detach the defective venous reservoir from the oxygenator and place it out of the way.

13. Attach the new venous reservoir to the oxygenator by aligning and twisting it into position.  Caution must be exercised to ensure that no air is permitted to exit the outflow of the venous reservoir during this manipulation.

14. Transfer the vent, sucker and arterial filter purge lines to the new venous reservoir and turn the pumps on.

Risk management

· Sequester the failed reservoir for further investigative testing according to the “Failed Medical Device” OR policy.

· Completely document the incident according to OR policy.

Pump Boot Change Out

Purpose

· To replace a failed or damaged arterial roller pump boot.  Since cardiopulmonary bypass must be terminated during pump boot change out, the patient can be at high risk of hypoxic injury.  This procedure should be reviewed periodically and practiced during simulations to ensure familiarization and minimize patient risk. 

Requisites

· Consult the attending CT surgeon and anesthesiologists prior to roller pump boot change out.

Supplies

1.  Sterile pump boot of appropriate size

2. (4) tubing clamps

3. (2) tubing connectors of appropriate size

4. (1) sterile blade or scissors

Procedure

Prepare the Patient

· If the patient is capable of normal cardiac function, fill the patient and terminate cardiopulmonary bypass in the normal manor.

· If the patient is incapable of normal cardiac function, consider cooling the patient for a short period of circulator arrest.

· Open CPR can be performed to provide circulation during arrest period.

· Consider packing the head in ice and the use of systemic topical hypothermia.

Roller Pump Boot Change Out

1. Terminate cardiopulmonary bypass; clamp the arterial and venous lines and close the arterial filter purge line.
2. Start a timer to record the circulatory arrest period.
3. Remove the failed pump boot from the pump console.
4. Double clamp the inlet and outlet sides of the failed roller pump boot.
5. Using sterile technique cut the tubing between the clamps at the inlet and outlet of the failed roller pump boot.
6. Attach an appropriate size tubing connector to the pump boot inlet tubing and attach a new roller pump boot.
7. Holding the new roller pump boot above the blood level in the venous/ cardiotomy reservoir, unclamp the inlet tubing.  Slowly lower the new pump boot allowing it to fill.
8. Attach the new pump boot to the tubing connected to the oxygenator blood inlet port using an appropriate size tubing connector and remove the remaining clamp.
9. Open the oxygenator recirculation line and load the pump boot into the pump console by rotating the roller pump in the forward direction.
10. Start the pump console and purge any residual air through the recirculation line.
11. Stop the pump, clamp the recirculation line and reestablish cardiopulmonary bypass in the usual manor.
12. Stop the circulatory arrest timer and record time.
4:1 Blood Cardioplegia Delivery System Change Out

Purpose

· Failure of the cardioplegia delivery system can result in inadequate myocardial preservation.  Inability to delivery cardioplegia due to system contamination, leakage, precipitate formation, heat exchanger leak, or bubble screen blockage may necessitate cardioplegia delivery system change out.   

Requisites

· Consult the attending CT surgeon prior to cardioplegia system change out.

· Precipitate formation due to undiagnosed cold agglutinins will require priming of the new cardioplegia system with crystalloid solution to prevent the formation of precipitate in the new system.

Supplies

1. A sterile 4:1 Blood Cardioplegia System

2. Premixed Cardioplegia Solution

3. (3) Tubing clamps

4. (1) 3/16”x 3/16” tubing connector

 Procedure

1. Double clamp the cardioplegia blood line close to its connection to the arterial line.

2. Using sterile technique cut between the two clamps.

3. Remove the failed cardioplegia system and set aside.

4. Sterilely cut off the male lure connector from the end of the cardioplegia blood line of a new cardioplegia delivery system.

5. Attach a 3/16” x 3/16” tubing connector to the blood line of the new cardioplegia system.

6. Attach the other end of the 3/16” tubing connector to the previously cut portion of the old cardioplegia blood line still attached to the arterial line.

7. Install and prime the new cardioplegia system in the usual manner.  Use caution not to empty the venous reservoir while diverting volume into the cardioplegia system.

8. Attach the temperature probe and heater cooler lines and adjust the water temperature as required.

9. Spike the bag of premixed cardioplegia solution.

10. Pass a sterile cardioplegia delivery line to the sterile field and prime when appropriate

Risk management
· Sequester the malfunctioning or damaged cardioplegia system for further investigative testing according to the “Failed Medical Device” OR policy.

· Completely document the incident according to OR policy.

Shiley Roller Pump Module Failure

Purpose

· To serve as a guide in the event of a failure of an arterial pump module.  Arterial pump module failure can result in cessation of arterial blood flow exposing the patient to a high risk of hypoxic injury.  This procedure should be reviewed periodically and practiced during simulations to ensure familiarization with the procedure and minimize patient risk. 

Requisites

· Notify the attending CT surgeon and anesthesiologists of the arterial pump module failure.

· Ensure that the arterial pump battery system is fully charged prior to initiation of cardiopulmonary bypass.

Procedure

1. Upon roller pump module failure clamp the venous line to prevent patient exsanguination

2. Reduce the RPM setting to prevent tubing rupture should the pump module restart.

3. Ensure that a false indication from the safety monitors is not the source of pump shut down.

4. Ensure that the pump base power cord is plugged in and that the plump base power switch is turned on.

5. Switch the pump base power cord to another AC power outlet.

6. Ensure that the pump console is connected to both the 24v and AC cables from the base.  Consult the Shiley Operators Manual.

7. Switch to a backup module, if immediately available, or switch the pump boot to an adjacent pump module if tubing length is adequate.

8. Hand crank the console if a backup module is not immediately available.

Risk management

· Sequester the malfunctioning or damaged pump console for further investigative testing.

· Completely document the incident according to OR policy.

Water Heater/Cooler Failure

Purpose

· To serve as a guide in the event of a failure of a heater/cooler supplying water to the oxygenator or cardioplegia heat exchangers.

Requisites

· Notify the attending CT surgeon and anesthesiologists of the heater/cooler failure.

· Have a back up device available prior to initiating cardiopulmonary bypass.

Procedure

1. Check the heater/cooler for the ability to deliver water flow at appropriate temperatures prior to cardiopulmonary bypass.

2. Check water lines for kinks or obstructions.

3. If the heater/cooler is determined to be defective switch to a back up device.

4. It is possible to devise an alternative water source from a near by sink.  Caution should be exercised in monitoring the water temperature.

Risk Management

· Sequester the malfunctioning or damaged heater/cooler for further investigative testing.

· Completely document the incident according to OR policy.

Management of Massive Gas Embolism

Purpose

· Eliminate and minimize the detrimental effects of a massive air embolus delivered during cardiopulmonary bypass.

Requisites

· Notify the attending CV surgeon and anesthesiologist immediately when gas embolism is suspect.   If air is found in the arterial cannula consider executing this protocol immediately.

Procedure

· Stop the arterial pump and clamp both the arterial and venous lines.

Temporary Hypothermic Retrograde Cerebral Perfusion

1. Place the patient in steep Trendelenburg position.

2. Remove the arterial cannula and de-bubble the arterial line by pumping fluid through the circuit.

3. Institute hypothermic retrograde cerebral perfusion by connecting the arterial line to a cannula placed in the SVC.   Blood and air exiting the arterial cannulation site is returned to the pump through the pump sucker lines.

4. Maintain retrograde cerebral blood flow temperature at 20o C at flow rates of 1-2 lpm for 1-2 minutes or until no air is observed exiting the arterial cannulation site.  Carotid compression is performed intermittently to allow retrograde purging of air from the vertebral arteries.  

Resume Antegrade Cardiopulmonary Bypass

1. Recannulate the aorta and resume antegrade cardiopulmonary bypass maintaining hypothermia at 20o C for 40-45 minutes.  Lowering the patients body temperature increases gas solubility, which helps reabsorb bubbles and decreased metabolic demands may limit ischemic damage prior to bubble reabsorption.

2. Induce hypertension with vasoconstrictor drugs.  Increased hydrostatic pressure helps shrink bubble size.

3. Maintain high blood flow rates.  High blood flow helps push bubbles out of the vasculature and perfuse ischemic tissue.

4. Maintain the pCO2 below 30 mmHg to reduce cerebral edema.

5. Set the FiO2 at 100% to maximize blood alveolar gradient for elimination of nitrogen.

6. Warm the patient slowly.  Exceeding temperature gradients of 8oC between the blood and tissues can bring gas back out of solution.

Barbiturate Coma and Steroid Administration

1. Barbiturate coma should be considered if the myocardium will be able to tolerate the significant negative inotropy.  Thiopental 10 mg/kg loading dose and 1-3 mg/kg/hr infusion.
2. Methylprednisolone 30 mg/kg may be administered.
Weaning from cardiopulmonary bypass

1. Terminate cardiopulmonary bypass with the systolic blood pressure greater than 100 mmHg and low filling pressures.

2. Continue ventilating the patient with 100% oxygen for at least 6 hours.

3. Hyperbaric chamber therapy can accelerate resorption of residual bubbles.

Risk Management

· Completely document the incident according to OR policy

Re-establishment of Bypass Following Initial Termination

Purpose

· Cardiopulmonary bypass may need to be re-established due to hemorrhage, hypotension, cardiac arrhythmias or cardiac arrest.  The need to return to cardiopulmonary bypass will be urgent and needs to be performed in a systematic manner.

Requisites

· Following termination of cardiopulmonary bypass delay contaminating the circuit until reasonably certain that the patient is stable.
· Blood should be available for the treatment of low hematocrit normally associated with reinitiation of cardiopulmonary bypass.

· Ensure adequate patient heparinization prior to reinitiating cardiopulmonary bypass.

· Additional crystalloid solutions should be available to ensure adequate pump volume for reinitiation of cardiopulmonary bypass.

Procedure

· Reheparinize the patient if the heparin has been neutralized or sufficient anticoagulation is questionable.  

AV Loop Sterile and Bubble Free

1. If the lines are still sterile and bubble free, recirculate the prime.

2. Heparinize the circuit during recirculation.

3. Recannulate the patient and initiate cardiopulmonary bypass in the normal fashion.

AV Loop Drained But Still Sterile

1. The lines must be reconnected at the sterile field using an appropriate size tubing connector, so that prime can be added and recirculated until the lines are free of bubbles. 

2. Heparinize the circuit during recirculation.

3. Consider the use of blood to elevate the patient’s hematocrit.

4. If the arterial filter has been drained, it should be bypassed rather than attempt to refill and debubble it.

5. Initiate cardiopulmonary bypass in the normal fashion.

6. Reconnect the water lines and monitoring equipment as time permits.

AV Loop Contaminated

1. Set up a new circuit and prime with the usual components.

2. Initiate cardiopulmonary bypass in the normal fashion.

3. Connect the water lines and monitoring equipment as time permits.

Appendix A: Reference

Essentials and Guidelines for Perfusion Practice of the American Society of Extracorporeal Circulation

Essential I: An accurate perfusion record must be maintained according to an established protocol.

Practice Guidelines

A. The perfusion record should include the following patient information:
1. Hospital ID
2. Age
3. Gender
4. Height
5. Weight
6. Body Surface Area (BSA)
7. Allergies
8. Blood Type
9. Pre-op Laboratory Data
10. Diagnosis/History
B. Additional procedure information should include:
1. Date
2. Procedure
3. Perfusionist(s)
4. Surgeon(s)
5. Anesthesia Personnel
6. Comments/Events
C. The following disposable lot numbers should be recorded:
1. Oxygenator

2. Cardiotomy Reservoir

3. Tubing Pack/Arterial Filter

4. Cardioplegia set

5. Ultrafiltration set

6. Cell washing set

7. Centrifugal pumphead and flow probe

D. The following patient parameters should be documented at a frequency determined by institutional perfusion protocol:
1. Blood flow rates
2. Arterial blood pressure
3. Central venous/Pulmonary artery pressure
4. Arterial/Venous blood gases
5. Venous oxygen saturation
6. Potassium concentration
7. Ionized calcium concentration
8. Sodium concentration
9. Activated Clotting Times (ACT) and/or Heparin/Protamine assay results
10. At least one of the following patient temperatures which may include:
· Bladder

· Esophageal

· Rectal

· Nasopharyngeal

· Tympanic

11. Additional Temperature may include:
· Venous blood

· Arterial blood

· Cardioplegic solution

· Myocardium

· Water bath(s)

· Oxygenator gases including flow rate and concentration
12. Input fluid volumes:
· Prime

· Blood products

· Asanguineous fluids

· Cardioplegic solution

· Autologous components

13. Output fluid volumes including:
· Urine output

· Ultrafiltrate

14. Medications and/or inhalational anesthetic agents administered via extracorporeal circuit
E. The perfusion record should be signed by the primary perfusionist and retained as part of the patient’s medical record.  Additional copies of the perfusion record may be retained in the perfusion department and/or patient database.
F. Patient parameters that are monitored/measured during the conduct of cardiopulmonary bypass should be documented.

Essential II: The perfusionist shall employ a checklist(s) according to an established protocol.

Practice Guidelines

A. The perfusion shall employ a checklist(s) according to an established protocol.
B. Checklist(s) should be retained.
Essential III: Extracorporeal circulation shall be conducted by a knowledgeable and competent perfusionist.

Practice Guidelines

A. Extracorporeal circulation should be conducted by a certified or board eligible perfusionist.  Certification by the American Board of Cardiovascular Perfusion or its equivalent meets this requirement.
B. A perfusionist should conduct cardiopulmonary bypass with perfusion assistance available.
C. For emergency situations, a perfusionist should be available within 30 minutes of the hospital.
D. Perfusion department/services should maintain a policy and procedures manual which includes:
· Routine and emergency procedures

· Departmental policies

· Continuing education policies

· Catastrophic perfusion event management

E. Policy and procedures should be reviewed and revised on a periodic basis.

Essential IV: The perfusionist shall monitor the anticoagulation status of the patient according to an established protocol.

Practice Guidelines

A. Monitoring of the anticoagulation status of the patient intra-operatively should include the testing of activated clotting time (ACT).  Other monitoring tests may include:
· Platelet count
· Heparin/Protamine assay
· Prothrombin Time (PT)
· Partial Thromboplastin Time (PTT)
· Thromboelastogram
B. Patient specific initial heparin dose should be determined by one of the following methods:
· Weight

· Dose Response Curve, automated or manual

· Blood Volume

· Body Surface Area

C. Additional doses of heparin during cardiopulmonary bypass should be determined by using an ACT and/or Heparin/Protamine assay.
D. The perfusionist may determine the protamine dose.
Essential V: Appropriate gas exchange shall be maintained during extracorporeal circulation according to an established protocol.

Practice Guidelines

A. Appropriate oxygenator gas flow rate and concentration should be determined by using blood gas analysis which may include monitoring devices.  Further determinations may be guided by oxygenator directions for use and perfusion parameters such as blood flow rate and temperature.
B. Blood gas analysis should be performed and recorded a minimum of every 30 minutes.  Blood gas analysis may be performed at reasonable intervals as clinical conditions dictate.
Essential VI: The perfusionist shall maintain an appropriate blood flow rate during extracorporeal circulation according to an established protocol.

Practice Guidelines

A. Calculated blood flow rate should be determined prior to cardiopulmonary bypass using the patient’s body surface area (BSA).
B. Appropriate blood flow rate should be determined by evaluation of a combination of:
· Venous oxygen saturation

· Body surface area

· Arterial blood pressure

· Temperature

C. Additional parameters that may guide blood flow rate include:
· Base excess

· Oxygen consumption

· Venous pO2

· Arterial pO2

· Circuit volume

· Physician request

· Body weight

· Anesthesia level

· Arterial oxygen saturation

Essential VII: The perfusionist shall maintain an appropriate blood pressure during extracorporeal circulation according to an established protocol.

Practice Guidelines

A. Arterial blood pressure should be monitored and recorded.
B. Maintenance of arterial blood pressure may be influenced by factors other than the conduct of cardiopulmonary bypass.
Essential VIII: During extracorporeal circulation, the perfusionist must maintain a safe operational volume in the extracorporeal circuit according to an established protocol.

Practice Guidelines

A. The perfusionist should pre-determine a safe operational level for each perfusion circuit used.

B. A method of safe level detection should be employed.  Appropriate blood volume should be maintained to allow for sufficient reaction time in the event of a decrease or loss of circulating volume.

Essential IX: Appropriate safety devices shall be employed.

Practice Guidelines

A. The following devices should be employed during cardiopulmonary bypass:
· Arterial line filter with a one-way valved purge line

· Bubble detector

· Level sensor

· Anesthetic gas scavenge line

B. Additional safety devices or techniques may include:
· One-way valve in the intra-cardiac vent/sump line

· Bubble trap

· A method of preventing retrograde flow when using a centrifugal pump

· Ventilating gas oxygen analyzer

Essential X: Appropriate monitoring devices shall be employed.

Practice Guidelines
A. The appropriate monitoring devices should include the following patient/circuit devices.
· Blood flow indicator

· Gas flow meter

· Physiologic monitor(s)

· Hematologic monitor(s)

· Temperature monitors

· Timers

B. These may also include:
· Blood gas analyzer

· Oxygen saturation monitor(s)

· Chemistry monitor(s)

Essential XI: The perfusionist shall make a reasonable effort at cost containment.

Practice Guidelines

The perfusionist should actively participate in cost containment processes as they relate to the delivery of patient care.  These activities may include a conscious effort at balancing user preference with patient care issues and cost containment in the selection of perfusion supplies and capital equipment.  The perfusionist should be involved in quality management.

Essential XII: The perfusionist must assure that properly maintained equipment is used in the conduct of extracorporeal circulation.
Practice Guidelines

A. The perfusionist should check for the function of all pumps prior to each case.  Roller pump occlusions should be verified and adjusted as necessary prior to each case.  Blood flow sensor(s) should be checked for proper installation and calibration.
B. Preventive maintenance on perfusion equipment should be performed on a regularly scheduled basis.  The interval of such maintenance may be determined any or all of the following:
· Manufacturer recommendations

· External accrediting agency guidelines

· Institutional requirements

Appendix B: Perfusion Documentation

UMMC Policy: Medical Records and Confidentiality

Legend

· This document is part of a series of publications collectively comprising a medicolegal primer that addresses legal topics concerning the health care provider. This document does not constitute legal advice, but rather provides an overview of the subject matter pertaining to a specified area of health law. For legal assistance, please contact the University of Michigan Health System Legal Office (HSLO) at 764-2178.

Introduction

· A health care facility is required to keep and maintain a record for each patient which includes full and complete documentation of tests and examinations performed, observations made, treatments provided, and in the case of a hospital, the purpose for hospitalization. All employees must respect the confidentiality of patient clinical records and must not divulge or disclose the contents of the records in any manner which identifies a patient, except on court order. [MCLA 333.20175(4)]

Purpose of Medical Records

· Hospitals are required by law to maintain records for each patient that accurately record all tests, observations, examinations, treatments and diagnoses provided during the hospital stay, as well as the purpose of the hospitalization. MCLA 333.20175. Patients have a right to view their own record, but appropriate hospital personnel should remain with the patient while viewing the records to provide any needed explanations as well as to protect the integrity of the record.

· Well kept records can be crucial both in prevention of incidents leading to potential lawsuits and in defense of the medical care given to a patient in the context of litigation.

Accurate Documentation

Accurate and complete patient records are necessary to provide effective, consistent medical care to patients. Patient records should include a reasonably complete discussion of all diagnostic and therapeutic events in the care and treatment of a patient. They should reflect the continuity and thoroughness of the care rendered by the physician and other medical personnel. 

· A health care provider or other person, knowing that the information is inaccurate or misleading, cannot intentionally, willfully, or recklessly place, or direct another to place, in a patient's medical record or chart misleading or inaccurate information regarding the diagnosis, treatment, or cause of a patient's condition. Violation of this law is criminally punishable. MCLA 750.492a 

Content of Medical Record

· Entries in the medical record should: 

1. be clear and legible; 

2. reflect professional medical assessments; 

3. address patient health care needs; 

4. document patient responses, including any non-compliance; 

5. document instructions given to patient; 

· Entries in the chart should not: 

1. address system or facility problems; 

2. make references to legal advice (i.e. do not write "incident report" or "attorney" in the chart, or send a "cc: Risk Management" in the discharge summary.) 

3. reflect accusations against other professionals; 

4. create unrealistic expectations about possible outcomes; 

· It should be remembered that patients have access to their own records and physicians should avoid any inappropriate opinions or speculations in the record. 

Destruction or Alteration of Documents

· A health care provider or other person cannot intentionally or willfully alter or destroy, or direct another to alter or destroy, a patient's medical record or chart for the purpose of concealing responsibility for a patient's injury, sickness, or death. Violation of this law is criminally punishable. MCLA 750.492a

· Destruction of a patient's original medical record or chart may occur if all the information contained therein is otherwise retained by means of photography, mechanical or electronic recording, chemical reproduction, or other equivalent techniques which accurately reproduce all the information contained in the original. MCLA 750.492a

Supplementation or Correction of Documents

· Supplementation of information or correction of an error in a patient's medical record or chart may be done in a manner which reasonably discloses that the supplementation or correction was performed and which does not conceal or alter prior entries. Therefore, a single ink line should be drawn through the entry, dated and signed, and the corrected information entered above the error. White out or other methods of concealing an error cannot be used for correcting medical records. [MCLA 750.492a] 

Confidentiality

· Patient information and records must be kept confidential. Health care professionals may need to discuss various needs of their patients with others in order to properly care for them, but only when there is a need to know for the purpose of treating the patient. Care should be taken to preserve the confidential trust placed by the patient in the health care professionals. Information in the chart should be treated as highly personal and accorded great respect by all involved in the patient's care. 

· Parts of medical records can be made available for various legitimate purposes if it is done in a way that prevents identification of the patient.

· However, access to medical information is also sought for secondary, nonmedical purposes. Disclosure of information may occur without a patient's consent through improper means by secondary users or careless discussions of confidential information by health care professionals outside the treatment context. Obviously, these secondary disclosures of medical information are of great concern to patients, since disclosure may result in loss of employment, denial of insurance or credit, or, at the least, severe embarrassment. In order to avoid potential liability, it is important that the health care professional be mindful of his or her obligation of confidentiality to patients and avoid situations where disclosure of medical information may be a breach of confidentiality.

Release of Information

· Information from medical records can be released if: 

1. The patient signs a release form. 

2. A court orders release to the court. 

· Note: court order from a judge is required, not just a subpoena signed by an attorney. 

1. Blinded information can be released pursuant to a valid request. The identity of the patient must not be traceable. 

2. Release can be legally required by statute. 

· i.e. contagious diseases, child abuse reporting obligations, duty to warn third parties of potential dangers. See M.C.L.A. 333.20201(2)(b).

Conclusions

· Every time a person consults with a medical professional, is admitted to a health care institution, or receives a medical test, the health care professional obtains personal information about the patient and an entry is made in the patient's medical record. It is generally recognized that there is a property right in the information which belongs to the patient, and a property right in the medical record which belongs to the institution or practitioner that creates the document. Great care must be taken in handling these documents to avoid altering or destroying them. Additionally, caution must be exercised in the disclosure of patient information obtained by the health care professional or contained in the patient's medical record to avoid a breach of the duty of confidentiality.

Cardiopulmonary Bypass Record & Guidelines for Completion

· Make an imprint of the patient’s registration card (red card) on the upper right corner of the Cardiopulmonary Bypass Record Page #1.

Demographic Section

· Refer to CPB Record Page #1 on the following page.

Date: Operation Date, Month, Day, Year

Mott: Check if procedure occurred at Mott Children’s Hospital.

Main: Check if procedure occurred at University Of Michigan Main Hospital.

Room #: Record the Operating Room number.

Scheduled: Check if the operation was a scheduled procedure.

Emergent: Check if the operation was an emergency procedure.

Procedure: Description of procedure

Surgeon: Name of attending surgeon

Anesthesiologist: Name of attending anesthesiologist

Perfusionist #1: Name of clinical perfusionist in charge of the case

Perfusionist #2: Name of back-up perfusionist for the case

Patient Information Section

· Refer to CPB Record Page #1 on the following page.

Age: Enter the patients numeric age, and circle the corresponding increment.

(Y= Years, M = Months, D = Days).

Blood Type: Circle appropriate blood type and Rh factor.

Antibody: Check the negative box if no blood antibodies are documented.  Check the positve box if the presence of blood antibodies are documented.

Type: Record the name(s) of the blood antibodies.
Procedure: Record the procedure(s) performed.

HPI: History Of Present Illness: Record any pertinent information pertaining

to the patients recent medical condition.

PSH: Past Surgical History: Record any pertinent past surgical interventions 

the patient has had.

Allergies: Record all allergies the patient possesses to medication.  If no 

allergies check the NKDA box.

Meds: Record all pertinent medications.  If the patient has recently been on 

a heparin drip, check the Heparin gtt. box as a reminder to order Single Donor Plasma as required.

CPB Record Page #1
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History Section

· Refer to CPB Record Page #1 on the preceding page.

CV:  Cardiovascular System: Check all applicable elements of the patients cardiovascular history and record additional findings in the space to the right.  Abbreviations follow:

None Found = No pertinent cardiovascular system history

HTN = Hypertension

Angina = Angina Pectoris

CHF = Congestive Heart Failure

CAD = Coronary Artery Disease

PVOD = Peripheral Vascular Obstructive Disease

CM = Cardiomyopathy

RHD = Rheumatic Heart Disease

Trauma = Recent Trauma precipitating this hospitalization

Shock = Cardiovascular Shock episode precipitating this hospitalization

ASD = Atrial Septal Defect

VSD = Ventricular Septal Defect

LVH = Left Ventricular Hypertrophy

RVH = Right Ventricular Hypertrophy

LAE = Left Atrial Enlargement

RAE = Right Atrial Enlargement

AS = Aortic Valve Stenosis

AI = Aortic Valve Insufficiency recorded as 1, 2, 3,or 4 +

MS = Mital Valve Stenosis

MR = Mitral Valve Regurgitation recorded as 1, 2, 3, or 4 +

TR = Tricuspid Valve Regurgitation recorded as 1, 2, 3, or 4 +

PS = Pulmonary Valve Stenosis

PI = Pulmonary Insufficiency recorded as 1, 2, 3, or 4 +

MI Dates = Myocardial Infarction and dates of each

Ao Aneurysm = Aortic Aneurysm

Ao Dissection = Aortic Dissection

Dysrhythmias = Cardiac Dysrhythmias

Pacemaker = Cardiac Pacemaker

AICD = Automatic Implantable Cardiac Defibrillator

LVEF = Left Ventricular Ejection Fraction written as percent

RVEF = Right Ventricular Ejection Fraction written as percent

Other = Condition related to present illness not listed

Respiratory: Respiratory System:  Check all applicable elements of the patients respiratory system history and record additional findings in the space to the right. Abbreviations follow:

None Found = No pertinent respiratory system history

SOB = Short Of Breath

Asthma = Asthma

COPD = Chronic Obstructive Pulmonary Disease

Pneumonia = Past episodes of pneumonia

URI = Upper Respiratory Infection multiple episodes

Tobacco Use = Current or significant past tobacco abuse

DOE = Dyspnea On Exertion

Other = Condition not listed

GI: Gastrointestinal System: Check all applicable elements of the patients gastrointestinal history and record additional findings in the space to the right.  Abbreviations follow:

None Found = No pertinent gastrointestinal system history

ETOH = History of Alcohol Abuse

Bleeding = History of Gastrointestinal bleeding of any type

Hepatic Failure = History of Hepatic Failure or Insufficiency

Other = Condition not listed

GU/GYN: Genital Urinary / Gynecological: Check all applicable elements of the patients genital urinary or gynecological system history and record additional findings in the space to the right.  Abbreviations follow:

None Found = No pertinent genital urinary or gynecological history

Vasectomy = History of Vasectomy

Renal Insufficiency = History of renal insufficiency or renal impairment of 

any type

Other = Condition not listed

Neuro: Neurological System: Check all applicable elements of the patients neurological system history and record additional findings in the space to the right.  Abbreviations follow:

None Found = No pertinent neurological system history

CVA = Cardiovascular Accident or Stroke

TIA = Transient Ischemic Attack

Seizures = Seizures or Epilepsy

Drug Abuse = History or Current Drug Abuse of any type

Carotid DZ = Carotid Obstructive Disease recorded as percent on right or 

left side

Other = Condition not listed

Hematological:  Hematological System: Check all applicable elements of the patients hematological system history and record additional elements in the space to the right.  Abbreviations follow:

None Found = No pertinent hematological history

AIDS = Acquired Immune Deficiency Syndrome

Anemia = Chronic Anemia

Hepatitis = Hepatitis any type

Bleeding Disorder = Bleeding Disorder any type

Other = Condition not listed

MS:  Musculoskeletal System: Check all applicable elements of the patients musculoskeletal system history and record additional findings in the space to the right. Abbreviations follow:

None Found = No pertinent musculoskeletal system history

Motor Dysfunction = Skeletal Muscle Motor Dysfunction of any type

MH = Malignant Hyperthermia

Other = Condition not listed

Endocrine:  Endocrine System: Check all applicable elements of the patients endocrine system history and record additional findings in the space to the right. Abbreviations follow:

None Found = No pertinent endocrine system history

IDDM = Insulin Dependent Diabetes Mellitus

NIDDM = Non-insulin Dependent Diabetes Mellitus

Obesity = Grossly Exceeding Ideal Body Weight

Other = Condition not listed

Birth History: Birth History of patients less than 10 year of age: Check all applicable elements of the birth history and record additional findings in the space to the right.  Abbreviations follow:

None Found = No pertinent birth history

ICH = Intracranial Hemorrhage

Premature = Premature Birth of any duration

CHD = Congential Heart Defect of any type

Other = Condition not listed

Study Patient: Check the box if the patient is enrolled in a study involving any perfusion participation.  Record the name of the study on the line provided.

Pre-Op Lab Section

Refer to CPB Record Page #1 above.

Record pre-operative laboratory results in this section.

Date: Date of the preoperative laboratory results recorded.

HB: Hemoglobin gm/dL

Hct: Hematocrit %

Plat: Platelets x 1000 /mm3

PT: Prothrombin Time sec.

PTT: Partial Thromboplastin Time sec.

Na+: Sodium mmol/L

K+: Potassium mmol/L

Cl-: Chloride mmol/L

BUN: Blood Uria Nitrogen mg/dL

Creatinine: Creatinine mg/dL

GLU: Glucose mg/dL

HCO3: Bicarbonate mmol/L

Equipment Section

· Refer to CPB Record Page #1 above.

· Record the elements of the Cardiopulmonary Bypass Circuit as well as the brand and Lot Numbers of appropriate equipment.

Pump: Arterial Pump

· Check either Roller = Roller Pump or Centrif = Centrifugal Pump.

· If Roller Pump used, circle either 3/16 = 3/16”, ¼ = ¼”, 3/8 = 3/8”, or ½”, to denote the size arterial boot used.

· Record the brand and Lot Number of the centrifugal pump disposable in the space provided only if the pump is supplied separately from the tubing pack (example: left heart bypass requires that BP-80 lot number be recorded).

Oxygenator: Cardiopulmonary Bypass Oxygenator:

· Record the brand and the peal off bar code number from the wrapper of the oxygenator.

TP: Tubing Pack

· Circle either A = Adult, N = Neonatal, I = Infant, or P = Pediatric to denote type of tubing pack used.

· Record the brand and Lot Number in the space provided.  All components contained within the pack can be traced from the tubing pack lot number.  Individual lot numbers of components need not be recorded.

HC: Hemoconcentrator:

· Record the type of hemoconcentrator used, the brand, and Lot Number in the spaces provided.

CP: Cardioplegia System: 

· Record the brand and Lot Number of the cardioplegia system in the space provided.  If the CP system is a component of the tubing pack no Lot Number is required.

ALF: Arterial Line Filter

· Record brand and Lot number.

Wash Set: Autotransfusion Wash Set

· Record brand and Lot number.

ATS Cardiotomy: Autotransfusion Cardiotomy Reservoir

· Record brand and Lot number.

Venous Sat Monitor: Venous Line Hemoglobin Oxygen Saturation Monitor

· Check the box if a venous line saturation monitor is used.

In Line Blood Gas: Arterial In Line Blood Gas Monitor

· Check the box if an arterial in line blood gas monitor is used.

Air Detector: Arterial Line Air Detector

· Check the box if an arterial line air detector is used.

Level Sensor: Venous Reservoir Level Sensor

· Check the box if a venous reservoir level sensor is used.

Checks Section

· Refer to CPB Record Page #1 above.

Cardioplegia Per Protocol

· Check this box if the cardioplegia was mixed according to the attending cardiac surgeon’s current cardioplegia protocol.

Checklist Complete

· Check this box if a pre-cardiopulmonary bypass check list was completed.

Safety Alarms Functioning

· Check this box if the safety alarms were set prior to or just after the initiation of cardiopulmonary bypass.

Pump Prime Section

· Refer to CPB Record Page #1 above.

Normosol R: Record the number of milliliters in the space provided.

Hespan: Record the number of milliliters in the space provided.

Bicarb (NaHCO3) : Record the number of mEq in the space provided.

Mannitol: Record the number of grams in the space provided.

Heparin:Record the number of units in the space provided.

Albumin: Record the number of grams in the space provided.

Amicar (epsilon-amino-caproic acid): Record the number of grams in the space provided.

Aprotinin (Trasylol): Record the number of milliliters in the space provided.

Kefzol (cefazolin, Ancef): Record the number of grams in the space provided.

Vanco (vancomycin): Record the number of grams in the space provided.

SoluMedrol (methylprednisolone): Record the number of grams in the space provided.

Blood:

RBC

· Record the number of milliliters in the space provided.

Plasma

· Record the number of milliliters in the space provided.

Support Section

· Refer to CPB Record Page #1 above.

· Check the NONE box if the patient does not require any of the following methods of cardiovascular support.

Inotropes
Pre-CPB
· Check the box if patient is on inotropic support before the initiation of CPB.

Post-CPB
· Check the box if patient is on inotropic support following the termination of CPB.

IABP: Intraaortic Balloon Pump

· Check the appropriate box which designates the time of balloon pump insertion.

· Pre = Pre-operative

· Intra = Intra-operative, if IABP is required to separate from CPB.

· Post = Post-operative, if patient has separated from CPB and then is placed on IABP.

Site: Site of Balloon Catheter Insertion

· Circle the letter designating the site of balloon pump insertion.

· R = Right Femoral Artery

· L = Left Femoral Artery

Size: Size of Balloon Catheter Inserted

· Check the appropriate box which designates the size of balloon pump catheter.

· 30 = 30 cc Balloon

· 40 = 40 cc Balloon

Timing: Timing of Intraaortic Balloon Pump

· Record the number of IABP inflations to cardiac cycles in the spaces provided.

VAD: Ventricular Assist Device

· Check the appropriate box which designates the time of ventricular assist device placement.

· Pre-CPB = Prior to Cardiopulmonary Bypass

· Post-CPB = After or to separate from Cardiopulmonary Bypass.

Site: Ventricle Supported by Assist Device

· Circle the letter designating the site of VAD insertion.

· R = Right Ventricle

· L = Left Ventricle

ECMO: Extra-Corporeal Membrane Oxygenation

· Check the appropriate box which designates the time of initiation to ECMO.

· Pre-CPB = Before Cardiopulmonary Bypass

· Post-CPB = After or to separate from Cardiopulmonary Bypass.

· Check the appropriate box which designates the type of ECMO preformed.

· V-A = Venous Arterial ECMO

· V-V = Venous Venous ECMO

Anticoagulation Section

· Refer to CPB Record Page #1 above.

Base ACT: Patient baseline activated clotting time test, recorded in seconds

Post Heparin ACT:  Patient activated clotting time following heparinization, recorded in seconds

Post Protamine ACT:  Patient activated clotting time following protamine administration, recorded in seconds

Heparin Dose:  The initial amount of heparin administered in units, second space provided for additional doses

Time:  The time of heparin administration, recorded in military time, second space provided for additional doses

X-Clamp RX:  The time of cross clamp removal drug administration, recorded in military time (see Page 3 for regimen)

Protamine RX:  The time of protamine reaction pretreatment, recorded in military time (see Page 3 for regimen)

Monitors Section 

· Refer to CPB Record Page #1 above.

· Record the monitoring devices attached to the patient and their values Pre and Post Cardiopulmonary Bypass as well as Post MUF when applicable.

Radial Art L R: Radial Arterial Pressure (mmHg)

· Circle either R = Right Radial Artery or L = Left Radial Artery

Fem Art L R: Femoral Arterial Pressure (mmHg)

· Circle either R = Right Femoral Artery or L = Left Femoral Artery

Umb Art: Umbilical Arterial Pressure (mmHg)

CVP: Central Venous Pressure (mmHg)

PA: Pulmonary Artery Pressure (mmHg)

CO:Cardiac Output (lpm)

Art Pres Mon: Arterial Line Pressure Monitor (mmHg)

· Not required post-MUF

Heart Rate: Heart Rate (bpm)

Autotransfusion Section

· Refer to CPB Record Page #1 above.

Processed Vol.: Record in mls the total volume of fluid scavenged by the autotransfusion machine the OR procedure.

Wash Volume: Record in mls the total volume of 0.9% NaCl used to wash red blood cells the OR procedure.

Reinfused Volume: Record in mls the total volume of washed red blood cells collected during the OR procedure.

Reinfused Volume: Record in mls the total volume of washed red blood cells collected during the OR procedure.

Sample Hct: Record the hematocrit of a sample taken from the product of a full washed bowl.

Blood Section

· Refer to CPB Record Page #1 on the page 2-2.

Usage

· If no blood products were used by perfusion check the NONE box.

Time
· Record the completion time of blood product administration by perfusion.

Type

· Record the type of blood product administered by perfusion

· PRBC= Packed Red Blood Cells

· SDP= Single Donor Plasma

· FFP= Fresh Frozen Plasma

· WB= Whole Blood

Donor Type

· A prefix of A or D accompanying the above abbreviations designates the following

· A= Auto Unit

· D= Directed Donor.

No.: Unit Number

· Record the blood product identification number.

· Refer to CPB Record Page #1 above.

Pump Flows Section

· Refer to CPB Record Page #1 above.

· Record the target pump flows for the appropriate hospital.

Main:  Main Hospital

Index

Record target pump flows, in liters per minute, for cardiac indexes of 2.4, 1.8 and 1.4

Mott

ml/kg

Record the mL/Kg target for Mott cases as well as values for Full, ½, and ¼ flows.

Special Techniques Section

· Refer to CPB Record Page #1 above.

· Check all boxes corresponding to special techniques employed during the cardiopulmonary bypass period.

AVD:  Augmented Venous Drainage, either kinetic or vacuum assist

DHCA:  Deep Hypothermic Circulatory Arrest

RCP:  Retrograde Cerebral Perfusion

Autotransfusion: Cell Saver

· Requires the completion of an Autotransfusion Record.

Ultrafiltration:  Hemoconcentration, Ultrafiltration

MUF: Modified Ultrafiltration

· Record the length of MUF period in minutes

LH Bypass: Left Heart Bypass

Cannulation Section

Refer to CPB Record Page #1 above.

· Check all the cannulation site boxes used (see list below).  Note the size and manufacturer of the every cannula used in the blanks provided

Arterial:
IN: Arterial Cannulation Time (Military Time)

OUT: Arterial Decannulation Time (Military Time)

Ao Arch: Aortic Arch  

FA: Femoral Artery

· Circle either L = Left or R = Right 

LA – FA: Left Atrium and Femoral Artery

Des. Ao: Descending Aorta 

Venous:
SAC: Single Atrial Cannula

SVC: Superior Vena Cava

FV: Femoral Vein: Circle either L = Left or R = Right

IVC: Inferior Vena Cava

Miscellaneous Section

Notes: Record notes as required.

1st Signature: Signature of primary perfusionist

1st Initials: Initials of primary perfusionist

1st Date: Date of signature

2nd Signature: Signature of perfusionist completing the case

2nd Initials: Initials of perfusionist completing the case

2nd Date: Date of signature

Pump Section

· Refer to CPB Record Page #2 on page 2-13.

Time: Record military time in 10-minute intervals.

LINE Pres: Arterial Line Pressure recorded in mmHg

RPM: Arterial Pump Revolutions recorded times 100 rpm

FLOW: Arterial Pump Flow recorded in liters per minute

ART Pres: Patient Arterial Pressure recorded in mmHg

PA/CVP

· At Main Hospital record the patient’s pulmonary artery pressure, if unavailable record CVP.  

· At Mott Hospital record the CVP pressure in mmHg.

TEMP P: Perfusate temperature recorded in degrees C

TEMP N/E

· Circle either N= Nasopharyngeal or E= Esophageal.

· Record the temperature in degrees C.

TEMP B/R

· Circle either B= Bladder or R= Rectal.

· Record the temperature in degrees C.

V. SAT: Venous Line Hemoglobin Saturation recorded as percent.

HCT: Venous Line Hematocrit reading recorded as percent.

AVD Pres: Augmented Venous Drainage Negative Pressure recorded in negative mmHg.

AF PURGE: Arterial Line Filter Air Purge

O= Open

X= Closed

NOTES: Marker for perfusion notes

Gas Section

· Refer to CPB Record Page #2 on the following page.

GAS FLOW: Oxygenator gas sweep in liter per minute

FiO2:  Percent oxygen delivered as percent

FORANE:  Forane gas delivered as percent

CPB Record Page #2
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Labs Section

· Refer to CPB Record Page #2 on the preceding page.

TIME A/V/C

· Record the time of laboratory sample in military time.

· Sample type identification

· A = Arterial

· V = Venous

· C = CDI

CP (Cardioplegia) Section

· Refer to CPB Record Page #2 on the preceding page.

CP TIME: Time of cardioplegia dose recorded in military time 

VOL: Volume of cardioplegia dose recorded in milliliters

FLOW: Flow rate of cardioplegia during delivery recorded in milliliters per minute

TEMP CP: Temperature of the cardioplegia during delivery recorded in oC.

TEMP MYO: Myocardial temperature recorded in degrees C.

SITE: Route of cardioplegia delivery.

A = Antegrade



R = Retrograde

S = Saphenous Vein Graft

O = Coronary Ostia

LINE Pres: Cardioplegia delivery line pressure recorded in mmHg.

SINUS Pres: Coronary sinus cardioplegia delivery pressure recorded in mmHg

NOTES: Marker for cardioplegia delivery note

Fluid Section

· Refer to CPB Record Page #2 on the preceding page.

Normosol: Quantity of Normosol administered during the bypass period, recorded in milliliters

9 NS: Quantity of normal saline administered during the bypass period, recorded in milliliters

PRBC: Packed red blood cells administered during the bypass period, recorded in milliliters

UO: Patient urine output during the bypass period, recorded in milliliters 

UF: Ultrafiltrate produced during the bypass period, recorded in milliliters

Drug Section

· Refer to CPB Record Page #2 on the preceding page.

Neo: The amount of Phenylephrine administered over the 10-minute charting period, recorded in micrograms

Heparin: The amount of Heparin administered, recorded in units

Bicarb: The amount of Sodium Bicarbonate administered, recorded in milliequivalents

CaCl2: The amount of Calcium Chloride administered, recorded in milligrams

Pump Section

Refer to CPB Record Page #2 above.

ON – OFF

· Record the time of initiation and termination of cardiopulmonary bypass using military time notation.

· Additional space is provided for multiple bypass periods.

Min: Elapsed time of bypass period, recorded in minutes

TOTAL: Total of all elapsed bypass periods, recorded in minutes

Clamp Section

· Refer to CPB Record Page #2 above.

ON – OFF: The time of application and removal of the aortic cross clamp using military time notation.

Min: Duration of aortic cross clamp period, recorded in minutes.  Additional space is provided for multiple cross clamp periods.

TOTAL: Total of all elapsed cross clamp periods, recorded in minutes

Arrest Section

Refer to CPB Record Page #2 above.

ON – OFF: The time of initiation and termination of circulatory arrest using military time notation.

Min: Elapsed time of circulatory arrest period recorded in minutes

Vent Section

· Refer to CPB Record Page #2 above.

SITE

· Record the method used for venting the heart.

Aorta = Aortic Needle Vent

LV = Left Ventricular Vent

PA = Pulmonary Artery Vent

IN – OUT: The time of vent placement and removal recorded in military time

CPB Record Page #3
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ABBREVIATIONS EXPLANATION UNITS
PUMP
TIME Time of datapoint Military Time
LINE Pres Arterial Line Pressure Millimeters of Mercury (mmHg)
RPM Arterial Pump Revolutions Revolutions Per Minute
FLOW Arterial Pump Flow Liters Per Minute (lpm)
ART Pres Patient Arterial Pressure Millimeters of Mercury (mmHg)
PA/CVP Patient Pulmonary Artery or Central Venous Pressure Millimeters of Mercury (mmHg)
TEMP P Perfusate Temperature Degrees Celsius (C)
TEMPN / E Patient Nawpggangeal or Esophageal Temperature Degrees Celsius (C)
TEMPB /R Patient Bladder or Rectal Temperature Degrees Celsius (C)
SvO2 Venous Line Hemoglobin Saturation Percent (%)
Hct ‘Venous Line Hematocrit Monitor Percent (%)
AVD Pres Assisted Venous Drainage Negative Pressure Negative Millimeters of Mercury (-mmHg)
AF Purge Arterial Line Filter Air Purge Line O=Open  X=Closed
NOTES Marker For Perfusion Notes
GAS
GASFLOW Oxygenator Gas Flow Liters Per Minute (Ipm)
FOz Percent Oxygen Delivered Percent (%)
FORANE Percent Forane Gas Delivered Percent (%)
LABS
TIMEA/V/C Time of Arterial, Venous or CDI Blood Gas A=Arterial V=Venous C=CDI
CcP
CP TIME Time of Completed Cardioplegia Dose Military Time
VOL Volume of Cardioplegia Dose Milliliters (ml)
FLOW Cardioplegia Pump Flow Milliliters Per Minute {ml/min)
TEMP CP Temperature of Cardioplegia During Delivery Degrees Celsius (C)
TEMP MYO Myocardial Temperature Degrees Celsius (C)
SITE Route of Cardioplegia Dose A=Antagrade R=Retrograde,
S=Saphenous Vein Graft O=Coronary Ostia
LINE Pres Cardioplegia Delivery Line Pressure Millimeters of Mercury (mmHg)
SINUS Pres Coronary Sinus Cardioplegia Delivery Pressure Millimeters of Mercury (mmHg)
FLUID
PRBC Packed Red Blood Cells Administered Milliliters (ml)
uo Patient Urine Qutput Milliliters (ml)
UF Ultrafiltrate Quantity Milliliters (ml)
PUMP PRIME NOTE RMA
t Vancomycin is titrated to mean arterial blood NO L VALUES
pressure following initiation of CPB. Art pH 7.35-7.45 SaO2 90-100 %
TREA Ven pH 7.32-742 SvOz 60 -90 %
%m&mmog ;B;E TMENT PaOf 100 - 250 mmHg K* 35-5.5 mmol/1
Famotidine 20 mg PvO2 35-45 mmHg Glu 70 - 100 mg/dl
Hydrocortisone 100 mg PaCO2 35-45 mmHg Ca*: 1.1-1.3 mmol/1
PvCO2 40 - 50 mmH; Na 135 - 145 mmol /1
CRO?ASanCnLiﬁ)IIVIP REMOVAL Dll;lé(; ADMINISTRATION HCOx 22-26 mEq /lg cr 99 - 110 mmol/1
Furosemide 10 mg BE 0--2 ACT 95 - 120 sec
Lidocaine 200 mg PT 10.5-13.5 sec TP 6-8gm/dl
Magnesium 3g PTT 21-41sec Hct 36-54%
CHECKLIST
Il PATIENT Il GAS SUPPLY Il SUPPLIES
 Chart Reviewed ¢ Gas Line Connected  Tubing Clamps Available
¢ Procedure Reviewed * Flow Meter/Blender Functional ¢ Drugs Available
* Gas Exhaust Unobstructed ¢ Fluids & Blood Available
Il STERILITY « Forane Canister Checked
* Reservoir Vented Il BACK-UP
* Components Checked l LINES/PUMP TUBING » Hand Cranks Available
* Heat Exchanger Test * Connection Secure * Flashlight Operational
¢ Tubing Direction Correct * Emergency Oxygen Available
Il ruMP * Circuit Air & Leak Free
* Speed Controls Checked « Tubing Position, No Kinks Il SAFETY MECHANISMS
* Rollerhead & Raceway Checked ¢ Air Detector On
* Occlusion Set I MONITORING * Level Sensor On
* Flow Probe Proper Direction ¢ Pressure Monitor Set
* Flow Gain Set * SvOz Monitor Set Il AUTOTRANSFUSION
o Batteries Charged ¢ CDI Calibrated 37 Degrees Celsius ¢ Suction Regulated To 80 - 150 mmHg

¢ Anticoagulant Heparin/CPD

* Clear Su tant Noted Following Wash Cydle

¢ Reinfusion Transfer Pack Checked For Absence
Of Air

* All Reinfusion Transfer Packs Labeled Correctly

¢ Autologous Blood Sample Hematocrit Of 45%
Or Greater

PS-300247 @ Rev. 300
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Abbreviations

· Refer to CPB Record Page #3 on the preceding page.

· Explanation of abbreviations utilized on Page 2 of the Cardiopulmonary Bypass Record

Normal Values

· Refer to CPB Record Page # on the preceding page.

· Review of normal blood gas and electrolyte values.

Protamine Reaction Pretreatment

· Refer to CPB Record Page #3 on the preceding page.

· Review of Protamine reaction pretreatment drug regimen.

Cross Clamp Removal Drug Administration

· Refer to CPB Record Page #3 on the preceding page.

· Review of cross clamp removal drug regimen.

Normal Values

· Refer to CPB Record Page #3 on the preceding page.

· Review of normal values for blood gases, electrolytes, and blood work.

Pre-Bypass Checklist

· Refer to CPB Record Page #3 on the preceding page.

· Pre-bypass checklist for the convenience of the perfusionist.  Completion of a Pre-Bypass checklist is a mandatory perfusion responsibility.  By checking the Pre-Bypass Checklist Complete box on Page #1, the perfusionist is verifying that an appropriate pre-bypass checklist was completed.  A copy of this checklist should not accompany the patient’s records.

Appendix C: Equipment Specifications

PVC Tubing Flow & Volume Specifications

PVC Tubing Flow & Volume Specifications Table

	Size
	Volume
	Arterial Boot Stroke Volume
	Maximum Recommended Arterial Flow
	Maximum Recommended Venous Flow Range

	3/32”
	1.80 ml/ft
	2.5 ml/revolution
	not applicable
	not applicable

	1/8”
	2.50 ml/ft
	3.5 ml/revolution
	250 ml/min
	not applicable

	3/16”
	5.00 ml/ft
	7.0 ml/revolution
	800 ml/min
	400 - 500 ml/min

	1/4”
	9.65 ml/ft
	13.0 ml/revolution
	1300 ml/min
	1278 –1566 ml/min

	3/8”
	21.71 ml/ft
	27.0 ml/revolution
	3000 ml/min
	2898 – 4000 ml/min

	1/2”
	38.61 ml/ft
	45.0 ml/revolution
	7000 ml/min
	4000 – 7000 ml/min


Oxygenator Specifications

Polystan Safe Micro
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Recommended Blood Flow Range: 


0 - 800 ml/min

Reference Blood Flow (AAMI)
Oxygen

1150ml/min






Carbon Dioxide
1200 ml/min

Membrane Material





Polypropylene 

Membrane Type





Hollow Fiber

Blood Film






outside

Membrane Surface Area




0.33 m2

Oxygenator Static Prime Volume



52 ml

Minimum Operating Reservoir Volume


25 ml

Maximum Reservoir Volume



~400ml

Venous Filter






175 mcn polyester screen

Cardiotomy Filter





40 mcn polyester depth

Maximum Recommended 

Cardiotomy Blood Flow Rate


500 ml/min

Heat Exchanger Surface Area



0.05 m2
Terumo Baby RX
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Terumo Baby RX Performance Data
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Specifications
Oxygenator Module

	Component
	Specifications

	Housing
	Material
	Polycarbonate

	Fibers
	Material

Surface Area
	Microporous Polypropylene

Approximately 0.5 m2

	Heat Exchanger
	Material

Surface Area
	Stainless Steel

0.035 m2

	Blood Flow Range
	Min. 0.1 l/min / Max 1.5 l/min

	Reference Blood Flow (AAMI standard)
	2.5 l/min

	Maximum Pressure
	Blood Inlet: 1,000 mmHg (133 kPa)
Water Inlet: 2 kgf/cm3 (196 kPa) (28.5 psi)


Polystan Safe Mini

Recommended Blood Flow Range: 


300 - 2300 ml/min

Membrane Material





Polypropylene 

Membrane Type





Hollow Fiber

Blood Film






outside

Membrane Surface Area




0.66 m2

Oxygenator Static Prime Volume



90 ml

Minimum Operating Reservoir Volume


70 ml

Maximum Reservoir Volume



2000 ml

Venous Filter






175 mcn polyester screen

Cardiotomy Filter





40 mcn polyester depth

Heat Exchanger Surface Area



0.17 m2

Lilliput 1

Recommended Blood Flow Range: 


0 - 800 ml/min

Reference Blood Flow (AAMI)



1200 ml/min

Membrane Material





Polypropylene 

Membrane Type





Hollow Fiber

Blood Film






outside

Membrane Surface Area




0.34 m2

Oxygenator Static Prime Volume



60 ml

Maximum Gas to Blood Flow Ratio


2 : 1

Minimum Operating Reservoir Volume


 ml

Maximum Reservoir Volume



 ml

Heat Exchanger Surface Area



0.02 m2
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Lilliput 2
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Recommended Blood Flow Range: 


800 - 2300 ml/min

Reference Blood Flow (AAMI)



3300 ml/min

Membrane Material





Polypropylene 

Membrane Type





Hollow Fiber

Blood Film






outside

Membrane Surface Area




0.6 m2

Oxygenator Static Prime Volume



105 ml

Minimum Operating Reservoir Volume


200 ml

Maximum Reservoir Volume



~1800 ml

Cardiotomy Filter





20 mcn polyester depth

Sorin Infant Masterflow (5358)

Recommended Blood Flow Range: 


0.8 – 2.0 l/min

Membrane Material





Polypropylene 

Membrane Type





Hollow Fiber

Blood Film






outside

Membrane Surface Area




0.62 m2

Oxygenator Static Prime Volume



120 ml

Minimum Operating Reservoir Volume


200 ml

Maximum Reservoir Volume



~1800ml

Cardiotomy Filter





20 mcn polyester depth

Heat Exchanger Surface Area



0.09 m2

Maximum Gas Flow





3.5 l/min

Sorin Pediatric Masterflow (5359)

Recommended Blood Flow Range: 


2.0 –3.5 l/min

Membrane Material





Polypropylene 

Membrane Type





Microporous Hollow Fibers

Blood Film






outside

Membrane Surface Area




1.0 m2

Oxygenator Static Prime Volume



165 ml

Minimum Operating Reservoir Volume


200 ml

Maximum Reservoir Volume



~1800 ml

Cardiotomy Filter





20 mcn polyester depth

Heat Exchanger Surface Area



0.09 m2

Maximum Gas Flow





5.0 l/min

Cobe Optimin
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Oxygenator

Blood Flow Range



0.3 – 5 liters/min

Priming Volume



170 ml

Gas Flow Range



0.3 – 10 liters/min

Membrane Surface Area


1.0 m2

Membrane Material



Microporous Polypropylene

Configuration




Hollow Fiber (Blood Outside Fiber)
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Heat Exchanger

Material




Stainless Steel

Surface Area




213 in2 (1374 cm2)

Waterside Pressure Rating

60 psi
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HVR 2200 Open Filtered Venous Reservoir

Minimum Operating Volume

100 ml

Maximum Volume Capacity

2200 ml

Maximum Cardiotomy Flow Rate

4 liters/min

Cardiotomy Filtration Materials

30 micron, Polyester, Nonwoven







Depth Material








Polyurethane Foam

Defoamer Materials



Polyurethane Foam With Silicone

Antifoam







Polyester Knit Sock

Terumo SX10

Recommended Blood Flow Range:


0.5 l/min > 4.0 l/min

Oxygenator Static Prime Volume



135 ml

Membrane Material





Polypropylene

Membrane Type





Microporous Hollow Fibers

Blood Film






outside

Membrane Surface Area




1.0 m2

Minimum Operating Reservoir Volume


100 ml

Maximum Reservoir Volume



3000 ml

Maximum Cardiotomy Flow Rate



4.0 l/min

Venous Filter






47 mcn polyester screen

Cardiotomy Filter





20 mcn polyester depth

Heat Exchanger Surface Area



1.3 m2
Terumo SX18

Recommended Blood Flow Range:


0.5 l/min > 7.0 l/min

Oxygenator Static Prime Volume



270 ml

Membrane Material





Polypropylene

Membrane Type





Microporous Hollow Fibers

Blood Film






outside

Membrane Surface Area




1.8 m2

Minimum Operating Reservoir Volume


200 ml

Maximum Reservoir Volume



4500 ml

Maximum Cardiotomy Flow Rate



5.0 l/min

Venous Filter






47 mcn polyester screen

Cardiotomy Filter





20 mcn polyester depth

Heat Exchanger Surface Area



2.2 m2
Medtronic Affinity NT 541

Recommended Blood Flow Range:


> 4.0 < 7.0 l/min

Oxygenator Static Prime Volume



270 ml

Membrane Material





Polypropylene

Membrane Type





Microporous Hollow Fibers

Blood Film






outside

Membrane Surface Area




2.5 m2

Minimum Operating Reservoir Volume


200 ml

Maximum Reservoir Volume



4000 ml

Maximum Cardiotomy Flow Rate



6.0 l/min

Venous Inlet Filter





200 mcn screen

Final Reservoir Screen




150 mcn screen

Cardiotomy Filter





30 mcn depth

Arterial Line Filter Specifications

Capiox Infant

Maximum Recommended Blood Flow Rate


2.5 liters/min

Screen Size







32 micron

Prime Volume






40 ml

Size








Neonatal/Infant

Intersept Pediatric

Maximum Recommended Blood Flow Rate


3.0 liters/min

Screen Size







20 micron

Prime Volume






110 ml

Size








Pediatric

Jostra Quart

Maximum Recommended Blood Flow Rate


7.0 liters/min

Screen Size







40 micron

Prime Volume






180 ml

Size








Adult

Bard H-675 Prime-Vu

Maximum Flow Rate





6.0 liters/minute

Screen Size







33 micron

Size








Adult

Pall LeucoGuard 6

Maximum Recommended Blood Flow Rate


6.0 liters/min

Screen Size







40 micron

Prime Volume






220 ml

Size








Adult

Pall LeucoGuard LGB

Maximum Recommended Blood Flow Rate


6.0 liters/min

Screen Size







40 micron

Prime Volume






205 ml

Size








Adult

Cardiotomy Reservoir Specifications

Sorin CRF 40

Filtering Surface Area



800 cm2
Maximum Blood Flow



6 liters per minute

Volume Capacity




3500 ml

Outer Body Material




Polycarbonate

Blood Collector Material



Polyethylene

Defoaming Body




Polyethylene Sponge (20 & 30 ppl)

Defoaming Agent




Silicone Antifoam

Microfilter





30 micron polyester screen

Retention Barrier




180 micron polyester screen

Hemoconcentrator Specifications

Hemoconcentrator Transmembrane Pressure Calculation

TMP = ((PA + PV) / 2) + PN
TMP 
= 
Transmembrane Pressure (mmHg)

PA 
= 
Arterial (inlet pressure (mmHg)

PV
= 
Venous (outlet) Pressure (mmHg)

PN
= 
Absolute value of any applied suction on the

ultrafiltration outlet (mmHg)

Minntech Hemocor HPH 400

Membrane Material




Polysulfone

Membrane Type




Microporous Hollow Fibers

Membrane area




0.3 m2
Pressure Drop




61 mmHg

Maximum Transmembrane Pressure

500 mmHg

Priming Volume




27 ml

Molecular Weight Cut-Off



65,000 Daltons

Minntech Hemocor HPH 400 Filtration Rate Graph
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Recommended Circuit Configuration for Hemocor HPH 400

· See CP/MUF Circuit Diagrams in Section 6.

Bard HC70TS

Membrane Material




Polysulfone

Membrane Type




Microporous Hollow Fibers

Membrane area




1.06 m2
Pressure Drop




85 mmHg

Maximum Transmembrane Pressure

500 mmHg

Priming Volume




70 ml

Molecular Weight Cut-Off



65,000 Daltons

Bard HC70TS Filtration Rate Graph
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Recommended Circuit Configurations of Bard HC70TS
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		85		17%		21%		25%		29%		33%		37%		41%

		90		17%		21%		25%		29%		33%		38%		42%

		95		17%		21%		25%		30%		34%		38%		42%





1 - 8 kg

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		3		3		3		3		3		3		3

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.0390804598

0.0488505747

0.0586206897

0.0683908046

0.0781609195

0.0879310345

0.0977011494

0.0653846154

0.0817307692

0.0980769231

0.1144230769

0.1307692308

0.1471153846

0.1634615385

0.0842975207

0.1053719008

0.126446281

0.1475206612

0.1685950413

0.1896694215

0.2107438017

0.0985507246

0.1231884058

0.147826087

0.1724637681

0.1971014493

0.2217391304

0.2463768116

0.1096774194

0.1370967742

0.164516129

0.1919354839

0.2193548387

0.2467741935

0.2741935484

0.1186046512

0.148255814

0.1779069767

0.2075581395

0.2372093023

0.2668604651

0.2965116279

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.132038835

0.1650485437

0.1980582524

0.2310679612

0.2640776699

0.2970873786

0.3300970874



8 - 20 kg

		8		8		8		8		8		8		8

		9		9		9		9		9		9		9

		10		10		10		10		10		10		10

		11		11		11		11		11		11		11

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.1313304721

0.1641630901

0.1969957082

0.2298283262

0.2626609442

0.2954935622

0.3283261803

0.136

0.17

0.204

0.238

0.272

0.306

0.34

0.1375

0.171875

0.20625

0.240625

0.275

0.309375

0.34375

0.1411764706

0.1764705882

0.2117647059

0.2470588235

0.2823529412

0.3176470588

0.3529411765

0.1444444444

0.1805555556

0.2166666667

0.2527777778

0.2888888889

0.325

0.3611111111

0.1473684211

0.1842105263

0.2210526316

0.2578947368

0.2947368421

0.3315789474

0.3684210526

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1523809524

0.1904761905

0.2285714286

0.2666666667

0.3047619048

0.3428571429

0.380952381

0.1545454545

0.1931818182

0.2318181818

0.2704545455

0.3090909091

0.3477272727

0.3863636364

0.1565217391

0.1956521739

0.2347826087

0.2739130435

0.3130434783

0.352173913

0.3913043478

0.1583333333

0.1979166667

0.2375

0.2770833333

0.3166666667

0.35625

0.3958333333

0.16

0.2

0.24

0.28

0.32

0.36

0.4



20 - 30 kg

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

		25		25		25		25		25		25		25

		26		26		26		26		26		26		26

		27		27		27		27		27		27		27

		28		28		28		28		28		28		28

		29		29		29		29		29		29		29

		30		30		30		30		30		30		30



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1463414634

0.1829268293

0.2195121951

0.256097561

0.2926829268

0.3292682927

0.3658536585

0.1482352941

0.1852941176

0.2223529412

0.2594117647

0.2964705882

0.3335294118

0.3705882353

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1516483516

0.1895604396

0.2274725275

0.2653846154

0.3032967033

0.3412087912

0.3791208791

0.1531914894

0.1914893617

0.229787234

0.2680851064

0.3063829787

0.3446808511

0.3829787234

0.1546391753

0.1932989691

0.2319587629

0.2706185567

0.3092783505

0.3479381443

0.3865979381

0.156

0.195

0.234

0.273

0.312

0.351

0.39

0.1572815534

0.1966019417

0.2359223301

0.2752427184

0.3145631068

0.3538834951

0.3932038835

0.158490566

0.1981132075

0.2377358491

0.2773584906

0.3169811321

0.3566037736

0.3962264151

0.1596330275

0.1995412844

0.2394495413

0.2793577982

0.319266055

0.3591743119

0.3990825688

0.1607142857

0.2008928571

0.2410714286

0.28125

0.3214285714

0.3616071429

0.4017857143



30 - 55 kg

		30		30		30		30		30		30		30

		33		33		33		33		33		33		33

		36		36		36		36		36		36		36

		39		39		39		39		39		39		39

		42		42		42		42		42		42		42

		45		45		45		45		45		45		45

		48		48		48		48		48		48		48

		51		51		51		51		51		51		51

		54		54		54		54		54		54		54



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.135483871

0.1693548387

0.2032258065

0.2370967742

0.2709677419

0.3048387097

0.3387096774

0.1395770393

0.1744712991

0.2093655589

0.2442598187

0.2791540785

0.3140483384

0.3489425982

0.1431818182

0.1789772727

0.2147727273

0.2505681818

0.2863636364

0.3221590909

0.3579545455

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.149044586

0.1863057325

0.223566879

0.2608280255

0.298089172

0.3353503185

0.372611465

0.1514563107

0.1893203883

0.227184466

0.2650485437

0.3029126214

0.340776699

0.3786407767

0.1536500579

0.1920625724

0.2304750869

0.2688876014

0.3073001159

0.3457126304

0.3841251448

0.155654102

0.1945676275

0.233481153

0.2723946785

0.311308204

0.3502217295

0.389135255



> 55 kg

		56		56		56		56		56		56		56

		60		60		60		60		60		60		60

		65		65		65		65		65		65		65

		70		70		70		70		70		70		70

		75		75		75		75		75		75		75

		80		80		80		80		80		80		80

		85		85		85		85		85		85		85

		90		90		90		90		90		90		90

		95		95		95		95		95		95		95



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1519832985

0.1899791232

0.2279749478

0.2659707724

0.3039665971

0.3419624217

0.3799582463

0.1544554455

0.1930693069

0.2316831683

0.2702970297

0.3089108911

0.3475247525

0.3861386139

0.1572093023

0.1965116279

0.2358139535

0.2751162791

0.3144186047

0.3537209302

0.3930232558

0.1596491228

0.1995614035

0.2394736842

0.2793859649

0.3192982456

0.3592105263

0.399122807

0.1618257261

0.2022821577

0.2427385892

0.2831950207

0.3236514523

0.3641078838

0.4045643154

0.1637795276

0.2047244094

0.2456692913

0.2866141732

0.3275590551

0.368503937

0.4094488189

0.1655430712

0.206928839

0.2483146067

0.2897003745

0.3310861423

0.3724719101

0.4138576779

0.1671428571

0.2089285714

0.2507142857

0.2925

0.3342857143

0.3760714286

0.4178571429

0.1686006826

0.2107508532

0.2529010239

0.2950511945

0.3372013652

0.3793515358

0.4215017065




_1013493390.xls
Sheet1

		

				20%		25%		30%		35%		40%		45%		50%

		1		4%		5%		6%		7%		8%		9%		10%

		2		7%		8%		10%		11%		13%		15%		16%

		3		8%		11%		13%		15%		17%		19%		21%

		4		10%		12%		15%		17%		20%		22%		25%

		5		11%		14%		16%		19%		22%		25%		27%

		6		12%		15%		18%		21%		24%		27%		30%

		7		13%		16%		19%		22%		25%		28%		31%

		8		13%		17%		20%		23%		26%		30%		33%

				20%		25%		30%		35%		40%		45%		50%

		8		13%		16%		19%		22%		25%		28%		31%

		9		13%		16%		20%		23%		26%		30%		33%

		10		14%		17%		20%		24%		27%		31%		34%

		11		14%		17%		21%		24%		28%		31%		34%

		12		14%		18%		21%		25%		28%		32%		35%

		13		14%		18%		22%		25%		29%		33%		36%

		14		15%		18%		22%		26%		29%		33%		37%

		15		15%		19%		23%		26%		30%		34%		38%

		16		15%		19%		23%		27%		30%		34%		38%

		17		15%		19%		23%		27%		31%		35%		39%

		18		16%		20%		23%		27%		31%		35%		39%

		19		16%		20%		24%		28%		32%		36%		40%

		20		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		20		15%		18%		22%		26%		29%		33%		37%

		21		15%		19%		22%		26%		30%		33%		37%

		22		15%		19%		23%		26%		30%		34%		38%

		23		15%		19%		23%		27%		30%		34%		38%

		24		15%		19%		23%		27%		31%		34%		38%

		25		15%		19%		23%		27%		31%		35%		39%

		26		16%		20%		23%		27%		31%		35%		39%

		27		16%		20%		24%		28%		31%		35%		39%

		28		16%		20%		24%		28%		32%		36%		40%

		29		16%		20%		24%		28%		32%		36%		40%

		30		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		30		14%		17%		20%		24%		27%		30%		34%

		33		14%		17%		21%		24%		28%		31%		35%

		36		14%		18%		21%		25%		29%		32%		36%

		39		15%		18%		22%		26%		29%		33%		37%

		42		15%		18%		22%		26%		29%		33%		37%

		45		15%		19%		22%		26%		30%		34%		37%

		48		15%		19%		23%		27%		30%		34%		38%

		51		15%		19%		23%		27%		31%		35%		38%

		54		16%		19%		23%		27%		31%		35%		39%

				20%		25%		30%		35%		40%		45%		50%

		56		15%		19%		23%		27%		30%		34%		38%

		60		15%		19%		23%		27%		31%		35%		39%

		65		16%		20%		24%		28%		31%		35%		39%

		70		16%		20%		24%		28%		32%		36%		40%

		75		16%		20%		24%		28%		32%		36%		40%

		80		16%		20%		25%		29%		33%		37%		41%

		85		17%		21%		25%		29%		33%		37%		41%

		90		17%		21%		25%		29%		33%		38%		42%

		95		17%		21%		25%		30%		34%		38%		42%





1 - 8 kg

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		3		3		3		3		3		3		3

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.0390804598

0.0488505747

0.0586206897

0.0683908046

0.0781609195

0.0879310345

0.0977011494

0.0653846154

0.0817307692

0.0980769231

0.1144230769

0.1307692308

0.1471153846

0.1634615385

0.0842975207

0.1053719008

0.126446281

0.1475206612

0.1685950413

0.1896694215

0.2107438017

0.0985507246

0.1231884058

0.147826087

0.1724637681

0.1971014493

0.2217391304

0.2463768116

0.1096774194

0.1370967742

0.164516129

0.1919354839

0.2193548387

0.2467741935

0.2741935484

0.1186046512

0.148255814

0.1779069767

0.2075581395

0.2372093023

0.2668604651

0.2965116279

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.132038835

0.1650485437

0.1980582524

0.2310679612

0.2640776699

0.2970873786

0.3300970874



8 - 20 kg

		8		8		8		8		8		8		8

		9		9		9		9		9		9		9

		10		10		10		10		10		10		10

		11		11		11		11		11		11		11

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.1313304721

0.1641630901

0.1969957082

0.2298283262

0.2626609442

0.2954935622

0.3283261803

0.136

0.17

0.204

0.238

0.272

0.306

0.34

0.1375

0.171875

0.20625

0.240625

0.275

0.309375

0.34375

0.1411764706

0.1764705882

0.2117647059

0.2470588235

0.2823529412

0.3176470588

0.3529411765

0.1444444444

0.1805555556

0.2166666667

0.2527777778

0.2888888889

0.325

0.3611111111

0.1473684211

0.1842105263

0.2210526316

0.2578947368

0.2947368421

0.3315789474

0.3684210526

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1523809524

0.1904761905

0.2285714286

0.2666666667

0.3047619048

0.3428571429

0.380952381

0.1545454545

0.1931818182

0.2318181818

0.2704545455

0.3090909091

0.3477272727

0.3863636364

0.1565217391

0.1956521739

0.2347826087

0.2739130435

0.3130434783

0.352173913

0.3913043478

0.1583333333

0.1979166667

0.2375

0.2770833333

0.3166666667

0.35625

0.3958333333

0.16

0.2

0.24

0.28

0.32

0.36

0.4



20 - 30 kg

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

		25		25		25		25		25		25		25

		26		26		26		26		26		26		26

		27		27		27		27		27		27		27

		28		28		28		28		28		28		28

		29		29		29		29		29		29		29

		30		30		30		30		30		30		30



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1463414634

0.1829268293

0.2195121951

0.256097561

0.2926829268

0.3292682927

0.3658536585

0.1482352941

0.1852941176

0.2223529412

0.2594117647

0.2964705882

0.3335294118

0.3705882353

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1516483516

0.1895604396

0.2274725275

0.2653846154

0.3032967033

0.3412087912

0.3791208791

0.1531914894

0.1914893617

0.229787234

0.2680851064

0.3063829787

0.3446808511

0.3829787234

0.1546391753

0.1932989691

0.2319587629

0.2706185567

0.3092783505

0.3479381443

0.3865979381

0.156

0.195

0.234

0.273

0.312

0.351

0.39

0.1572815534

0.1966019417

0.2359223301

0.2752427184

0.3145631068

0.3538834951

0.3932038835

0.158490566

0.1981132075

0.2377358491

0.2773584906

0.3169811321

0.3566037736

0.3962264151

0.1596330275

0.1995412844

0.2394495413

0.2793577982

0.319266055

0.3591743119

0.3990825688

0.1607142857

0.2008928571

0.2410714286

0.28125

0.3214285714

0.3616071429

0.4017857143



30 - 55 kg

		30		30		30		30		30		30		30

		33		33		33		33		33		33		33

		36		36		36		36		36		36		36

		39		39		39		39		39		39		39

		42		42		42		42		42		42		42

		45		45		45		45		45		45		45

		48		48		48		48		48		48		48

		51		51		51		51		51		51		51

		54		54		54		54		54		54		54



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.135483871

0.1693548387

0.2032258065

0.2370967742

0.2709677419

0.3048387097

0.3387096774

0.1395770393

0.1744712991

0.2093655589

0.2442598187

0.2791540785

0.3140483384

0.3489425982

0.1431818182

0.1789772727

0.2147727273

0.2505681818

0.2863636364

0.3221590909

0.3579545455

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.149044586

0.1863057325

0.223566879

0.2608280255

0.298089172

0.3353503185

0.372611465

0.1514563107

0.1893203883

0.227184466

0.2650485437

0.3029126214

0.340776699

0.3786407767

0.1536500579

0.1920625724

0.2304750869

0.2688876014

0.3073001159

0.3457126304

0.3841251448

0.155654102

0.1945676275

0.233481153

0.2723946785

0.311308204

0.3502217295

0.389135255



> 55 kg

		56		56		56		56		56		56		56

		60		60		60		60		60		60		60

		65		65		65		65		65		65		65

		70		70		70		70		70		70		70

		75		75		75		75		75		75		75

		80		80		80		80		80		80		80

		85		85		85		85		85		85		85

		90		90		90		90		90		90		90

		95		95		95		95		95		95		95



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1519832985

0.1899791232

0.2279749478

0.2659707724

0.3039665971

0.3419624217

0.3799582463

0.1544554455

0.1930693069

0.2316831683

0.2702970297

0.3089108911

0.3475247525

0.3861386139

0.1572093023

0.1965116279

0.2358139535

0.2751162791

0.3144186047

0.3537209302

0.3930232558

0.1596491228

0.1995614035

0.2394736842

0.2793859649

0.3192982456

0.3592105263

0.399122807

0.1618257261

0.2022821577

0.2427385892

0.2831950207

0.3236514523

0.3641078838

0.4045643154

0.1637795276

0.2047244094

0.2456692913

0.2866141732

0.3275590551

0.368503937

0.4094488189

0.1655430712

0.206928839

0.2483146067

0.2897003745

0.3310861423

0.3724719101

0.4138576779

0.1671428571

0.2089285714

0.2507142857

0.2925

0.3342857143

0.3760714286

0.4178571429

0.1686006826

0.2107508532

0.2529010239

0.2950511945

0.3372013652

0.3793515358

0.4215017065




_1054614643.ppt
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Sheet1

		

				20%		25%		30%		35%		40%		45%		50%

		1		4%		5%		6%		7%		8%		9%		10%

		2		7%		8%		10%		11%		13%		15%		16%

		3		8%		11%		13%		15%		17%		19%		21%

		4		10%		12%		15%		17%		20%		22%		25%

		5		11%		14%		16%		19%		22%		25%		27%

		6		12%		15%		18%		21%		24%		27%		30%

		7		13%		16%		19%		22%		25%		28%		31%

		8		13%		17%		20%		23%		26%		30%		33%

				20%		25%		30%		35%		40%		45%		50%

		8		13%		16%		19%		22%		25%		28%		31%

		9		13%		16%		20%		23%		26%		30%		33%

		10		14%		17%		20%		24%		27%		31%		34%

		11		14%		17%		21%		24%		28%		31%		34%

		12		14%		18%		21%		25%		28%		32%		35%

		13		14%		18%		22%		25%		29%		33%		36%

		14		15%		18%		22%		26%		29%		33%		37%

		15		15%		19%		23%		26%		30%		34%		38%

		16		15%		19%		23%		27%		30%		34%		38%

		17		15%		19%		23%		27%		31%		35%		39%

		18		16%		20%		23%		27%		31%		35%		39%

		19		16%		20%		24%		28%		32%		36%		40%

		20		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		20		15%		18%		22%		26%		29%		33%		37%

		21		15%		19%		22%		26%		30%		33%		37%

		22		15%		19%		23%		26%		30%		34%		38%

		23		15%		19%		23%		27%		30%		34%		38%

		24		15%		19%		23%		27%		31%		34%		38%

		25		15%		19%		23%		27%		31%		35%		39%

		26		16%		20%		23%		27%		31%		35%		39%

		27		16%		20%		24%		28%		31%		35%		39%

		28		16%		20%		24%		28%		32%		36%		40%

		29		16%		20%		24%		28%		32%		36%		40%

		30		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		30		14%		17%		20%		24%		27%		30%		34%

		33		14%		17%		21%		24%		28%		31%		35%

		36		14%		18%		21%		25%		29%		32%		36%

		39		15%		18%		22%		26%		29%		33%		37%

		42		15%		18%		22%		26%		29%		33%		37%

		45		15%		19%		22%		26%		30%		34%		37%

		48		15%		19%		23%		27%		30%		34%		38%

		51		15%		19%		23%		27%		31%		35%		38%

		54		16%		19%		23%		27%		31%		35%		39%

				20%		25%		30%		35%		40%		45%		50%

		56		15%		19%		23%		27%		30%		34%		38%

		60		15%		19%		23%		27%		31%		35%		39%

		65		16%		20%		24%		28%		31%		35%		39%

		70		16%		20%		24%		28%		32%		36%		40%

		75		16%		20%		24%		28%		32%		36%		40%

		80		16%		20%		25%		29%		33%		37%		41%

		85		17%		21%		25%		29%		33%		37%		41%

		90		17%		21%		25%		29%		33%		38%		42%

		95		17%		21%		25%		30%		34%		38%		42%





1 - 8 kg

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		3		3		3		3		3		3		3

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.0390804598

0.0488505747

0.0586206897

0.0683908046

0.0781609195

0.0879310345

0.0977011494

0.0653846154

0.0817307692

0.0980769231

0.1144230769

0.1307692308

0.1471153846

0.1634615385

0.0842975207

0.1053719008

0.126446281

0.1475206612

0.1685950413

0.1896694215

0.2107438017

0.0985507246

0.1231884058

0.147826087

0.1724637681

0.1971014493

0.2217391304

0.2463768116

0.1096774194

0.1370967742

0.164516129

0.1919354839

0.2193548387

0.2467741935

0.2741935484

0.1186046512

0.148255814

0.1779069767

0.2075581395

0.2372093023

0.2668604651

0.2965116279

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.132038835

0.1650485437

0.1980582524

0.2310679612

0.2640776699

0.2970873786

0.3300970874



8 - 20 kg

		8		8		8		8		8		8		8

		9		9		9		9		9		9		9

		10		10		10		10		10		10		10

		11		11		11		11		11		11		11

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.1313304721

0.1641630901

0.1969957082

0.2298283262

0.2626609442

0.2954935622

0.3283261803

0.136

0.17

0.204

0.238

0.272

0.306

0.34

0.1375

0.171875

0.20625

0.240625

0.275

0.309375

0.34375

0.1411764706

0.1764705882

0.2117647059

0.2470588235

0.2823529412

0.3176470588

0.3529411765

0.1444444444

0.1805555556

0.2166666667

0.2527777778

0.2888888889

0.325

0.3611111111

0.1473684211

0.1842105263

0.2210526316

0.2578947368

0.2947368421

0.3315789474

0.3684210526

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1523809524

0.1904761905

0.2285714286

0.2666666667

0.3047619048

0.3428571429

0.380952381

0.1545454545

0.1931818182

0.2318181818

0.2704545455

0.3090909091

0.3477272727

0.3863636364

0.1565217391

0.1956521739

0.2347826087

0.2739130435

0.3130434783

0.352173913

0.3913043478

0.1583333333

0.1979166667

0.2375

0.2770833333

0.3166666667

0.35625

0.3958333333

0.16

0.2

0.24

0.28

0.32

0.36

0.4



20 - 30 kg

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

		25		25		25		25		25		25		25

		26		26		26		26		26		26		26

		27		27		27		27		27		27		27

		28		28		28		28		28		28		28

		29		29		29		29		29		29		29

		30		30		30		30		30		30		30



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1463414634

0.1829268293

0.2195121951

0.256097561

0.2926829268

0.3292682927

0.3658536585

0.1482352941

0.1852941176

0.2223529412

0.2594117647

0.2964705882

0.3335294118

0.3705882353

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1516483516

0.1895604396

0.2274725275

0.2653846154

0.3032967033

0.3412087912

0.3791208791

0.1531914894

0.1914893617

0.229787234

0.2680851064

0.3063829787

0.3446808511

0.3829787234

0.1546391753

0.1932989691

0.2319587629

0.2706185567

0.3092783505

0.3479381443

0.3865979381

0.156

0.195

0.234

0.273

0.312

0.351

0.39

0.1572815534

0.1966019417

0.2359223301

0.2752427184

0.3145631068

0.3538834951

0.3932038835

0.158490566

0.1981132075

0.2377358491

0.2773584906

0.3169811321

0.3566037736

0.3962264151

0.1596330275

0.1995412844

0.2394495413

0.2793577982

0.319266055

0.3591743119

0.3990825688

0.1607142857

0.2008928571

0.2410714286

0.28125

0.3214285714

0.3616071429

0.4017857143



30 - 55 kg

		30		30		30		30		30		30		30

		33		33		33		33		33		33		33

		36		36		36		36		36		36		36

		39		39		39		39		39		39		39

		42		42		42		42		42		42		42

		45		45		45		45		45		45		45

		48		48		48		48		48		48		48

		51		51		51		51		51		51		51

		54		54		54		54		54		54		54



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.135483871

0.1693548387

0.2032258065

0.2370967742

0.2709677419

0.3048387097

0.3387096774

0.1395770393

0.1744712991

0.2093655589

0.2442598187

0.2791540785

0.3140483384

0.3489425982

0.1431818182

0.1789772727

0.2147727273

0.2505681818

0.2863636364

0.3221590909

0.3579545455

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.149044586

0.1863057325

0.223566879

0.2608280255

0.298089172

0.3353503185

0.372611465

0.1514563107

0.1893203883

0.227184466

0.2650485437

0.3029126214

0.340776699

0.3786407767

0.1536500579

0.1920625724

0.2304750869

0.2688876014

0.3073001159

0.3457126304

0.3841251448

0.155654102

0.1945676275

0.233481153

0.2723946785

0.311308204

0.3502217295

0.389135255



> 55 kg

		56		56		56		56		56		56		56

		60		60		60		60		60		60		60

		65		65		65		65		65		65		65

		70		70		70		70		70		70		70

		75		75		75		75		75		75		75

		80		80		80		80		80		80		80

		85		85		85		85		85		85		85

		90		90		90		90		90		90		90

		95		95		95		95		95		95		95



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1519832985

0.1899791232

0.2279749478

0.2659707724

0.3039665971

0.3419624217

0.3799582463

0.1544554455

0.1930693069

0.2316831683

0.2702970297

0.3089108911

0.3475247525

0.3861386139

0.1572093023

0.1965116279

0.2358139535

0.2751162791

0.3144186047

0.3537209302

0.3930232558

0.1596491228

0.1995614035

0.2394736842

0.2793859649

0.3192982456

0.3592105263

0.399122807

0.1618257261

0.2022821577

0.2427385892

0.2831950207

0.3236514523

0.3641078838

0.4045643154

0.1637795276

0.2047244094

0.2456692913

0.2866141732

0.3275590551

0.368503937

0.4094488189

0.1655430712

0.206928839

0.2483146067

0.2897003745

0.3310861423

0.3724719101

0.4138576779

0.1671428571

0.2089285714

0.2507142857

0.2925

0.3342857143

0.3760714286

0.4178571429

0.1686006826

0.2107508532

0.2529010239

0.2950511945

0.3372013652

0.3793515358

0.4215017065




_1012885534.xls
Sheet1

		

				20%		25%		30%		35%		40%		45%		50%

		1		4%		5%		6%		7%		8%		9%		10%

		2		7%		8%		10%		11%		13%		15%		16%

		3		8%		11%		13%		15%		17%		19%		21%

		4		10%		12%		15%		17%		20%		22%		25%

		5		11%		14%		16%		19%		22%		25%		27%

		6		12%		15%		18%		21%		24%		27%		30%

		7		13%		16%		19%		22%		25%		28%		31%

		8		13%		17%		20%		23%		26%		30%		33%

				20%		25%		30%		35%		40%		45%		50%

		8		13%		16%		19%		22%		25%		28%		31%

		9		13%		16%		20%		23%		26%		30%		33%

		10		14%		17%		20%		24%		27%		31%		34%

		11		14%		17%		21%		24%		28%		31%		34%

		12		14%		18%		21%		25%		28%		32%		35%

		13		14%		18%		22%		25%		29%		33%		36%

		14		15%		18%		22%		26%		29%		33%		37%

		15		15%		19%		23%		26%		30%		34%		38%

		16		15%		19%		23%		27%		30%		34%		38%

		17		15%		19%		23%		27%		31%		35%		39%

		18		16%		20%		23%		27%		31%		35%		39%

		19		16%		20%		24%		28%		32%		36%		40%

		20		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		20		15%		18%		22%		26%		29%		33%		37%

		21		15%		19%		22%		26%		30%		33%		37%

		22		15%		19%		23%		26%		30%		34%		38%

		23		15%		19%		23%		27%		30%		34%		38%

		24		15%		19%		23%		27%		31%		34%		38%

		25		15%		19%		23%		27%		31%		35%		39%

		26		16%		20%		23%		27%		31%		35%		39%

		27		16%		20%		24%		28%		31%		35%		39%

		28		16%		20%		24%		28%		32%		36%		40%

		29		16%		20%		24%		28%		32%		36%		40%

		30		16%		20%		24%		28%		32%		36%		40%

				20%		25%		30%		35%		40%		45%		50%

		30		14%		17%		20%		24%		27%		30%		34%

		33		14%		17%		21%		24%		28%		31%		35%

		36		14%		18%		21%		25%		29%		32%		36%

		39		15%		18%		22%		26%		29%		33%		37%

		42		15%		18%		22%		26%		29%		33%		37%

		45		15%		19%		22%		26%		30%		34%		37%

		48		15%		19%		23%		27%		30%		34%		38%

		51		15%		19%		23%		27%		31%		35%		38%

		54		16%		19%		23%		27%		31%		35%		39%

				20%		25%		30%		35%		40%		45%		50%

		56		15%		19%		23%		27%		30%		34%		38%

		60		15%		19%		23%		27%		31%		35%		39%

		65		16%		20%		24%		28%		31%		35%		39%

		70		16%		20%		24%		28%		32%		36%		40%

		75		16%		20%		24%		28%		32%		36%		40%

		80		16%		20%		25%		29%		33%		37%		41%

		85		17%		21%		25%		29%		33%		37%		41%

		90		17%		21%		25%		29%		33%		38%		42%

		95		17%		21%		25%		30%		34%		38%		42%





1 - 8 kg

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		3		3		3		3		3		3		3

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.0390804598

0.0488505747

0.0586206897

0.0683908046

0.0781609195

0.0879310345

0.0977011494

0.0653846154

0.0817307692

0.0980769231

0.1144230769

0.1307692308

0.1471153846

0.1634615385

0.0842975207

0.1053719008

0.126446281

0.1475206612

0.1685950413

0.1896694215

0.2107438017

0.0985507246

0.1231884058

0.147826087

0.1724637681

0.1971014493

0.2217391304

0.2463768116

0.1096774194

0.1370967742

0.164516129

0.1919354839

0.2193548387

0.2467741935

0.2741935484

0.1186046512

0.148255814

0.1779069767

0.2075581395

0.2372093023

0.2668604651

0.2965116279

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.132038835

0.1650485437

0.1980582524

0.2310679612

0.2640776699

0.2970873786

0.3300970874



8 - 20 kg

		8		8		8		8		8		8		8

		9		9		9		9		9		9		9

		10		10		10		10		10		10		10

		11		11		11		11		11		11		11

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1259259259

0.1574074074

0.1888888889

0.2203703704

0.2518518519

0.2833333333

0.3148148148

0.1313304721

0.1641630901

0.1969957082

0.2298283262

0.2626609442

0.2954935622

0.3283261803

0.136

0.17

0.204

0.238

0.272

0.306

0.34

0.1375

0.171875

0.20625

0.240625

0.275

0.309375

0.34375

0.1411764706

0.1764705882

0.2117647059

0.2470588235

0.2823529412

0.3176470588

0.3529411765

0.1444444444

0.1805555556

0.2166666667

0.2527777778

0.2888888889

0.325

0.3611111111

0.1473684211

0.1842105263

0.2210526316

0.2578947368

0.2947368421

0.3315789474

0.3684210526

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1523809524

0.1904761905

0.2285714286

0.2666666667

0.3047619048

0.3428571429

0.380952381

0.1545454545

0.1931818182

0.2318181818

0.2704545455

0.3090909091

0.3477272727

0.3863636364

0.1565217391

0.1956521739

0.2347826087

0.2739130435

0.3130434783

0.352173913

0.3913043478

0.1583333333

0.1979166667

0.2375

0.2770833333

0.3166666667

0.35625

0.3958333333

0.16

0.2

0.24

0.28

0.32

0.36

0.4



20 - 30 kg

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

		25		25		25		25		25		25		25

		26		26		26		26		26		26		26

		27		27		27		27		27		27		27

		28		28		28		28		28		28		28

		29		29		29		29		29		29		29

		30		30		30		30		30		30		30



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1463414634

0.1829268293

0.2195121951

0.256097561

0.2926829268

0.3292682927

0.3658536585

0.1482352941

0.1852941176

0.2223529412

0.2594117647

0.2964705882

0.3335294118

0.3705882353

0.15

0.1875

0.225

0.2625

0.3

0.3375

0.375

0.1516483516

0.1895604396

0.2274725275

0.2653846154

0.3032967033

0.3412087912

0.3791208791

0.1531914894

0.1914893617

0.229787234

0.2680851064

0.3063829787

0.3446808511

0.3829787234

0.1546391753

0.1932989691

0.2319587629

0.2706185567

0.3092783505

0.3479381443

0.3865979381

0.156

0.195

0.234

0.273

0.312

0.351

0.39

0.1572815534

0.1966019417

0.2359223301

0.2752427184

0.3145631068

0.3538834951

0.3932038835

0.158490566

0.1981132075

0.2377358491

0.2773584906

0.3169811321

0.3566037736

0.3962264151

0.1596330275

0.1995412844

0.2394495413

0.2793577982

0.319266055

0.3591743119

0.3990825688

0.1607142857

0.2008928571

0.2410714286

0.28125

0.3214285714

0.3616071429

0.4017857143



30 - 55 kg

		30		30		30		30		30		30		30

		33		33		33		33		33		33		33

		36		36		36		36		36		36		36

		39		39		39		39		39		39		39

		42		42		42		42		42		42		42

		45		45		45		45		45		45		45

		48		48		48		48		48		48		48

		51		51		51		51		51		51		51

		54		54		54		54		54		54		54



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.135483871

0.1693548387

0.2032258065

0.2370967742

0.2709677419

0.3048387097

0.3387096774

0.1395770393

0.1744712991

0.2093655589

0.2442598187

0.2791540785

0.3140483384

0.3489425982

0.1431818182

0.1789772727

0.2147727273

0.2505681818

0.2863636364

0.3221590909

0.3579545455

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.1463806971

0.1829758713

0.2195710456

0.2561662198

0.2927613941

0.3293565684

0.3659517426

0.149044586

0.1863057325

0.223566879

0.2608280255

0.298089172

0.3353503185

0.372611465

0.1514563107

0.1893203883

0.227184466

0.2650485437

0.3029126214

0.340776699

0.3786407767

0.1536500579

0.1920625724

0.2304750869

0.2688876014

0.3073001159

0.3457126304

0.3841251448

0.155654102

0.1945676275

0.233481153

0.2723946785

0.311308204

0.3502217295

0.389135255



> 55 kg

		56		56		56		56		56		56		56

		60		60		60		60		60		60		60

		65		65		65		65		65		65		65

		70		70		70		70		70		70		70

		75		75		75		75		75		75		75

		80		80		80		80		80		80		80

		85		85		85		85		85		85		85

		90		90		90		90		90		90		90

		95		95		95		95		95		95		95



20%

25%

30%

35%

40%

45%

50%

Patient Kilogram Weight

CPB Hct

Pre-CPB Hct

0.1519832985

0.1899791232

0.2279749478

0.2659707724

0.3039665971

0.3419624217

0.3799582463

0.1544554455

0.1930693069

0.2316831683

0.2702970297

0.3089108911

0.3475247525

0.3861386139

0.1572093023

0.1965116279

0.2358139535

0.2751162791

0.3144186047

0.3537209302

0.3930232558

0.1596491228

0.1995614035

0.2394736842

0.2793859649

0.3192982456

0.3592105263

0.399122807

0.1618257261

0.2022821577

0.2427385892

0.2831950207

0.3236514523

0.3641078838

0.4045643154

0.1637795276

0.2047244094

0.2456692913

0.2866141732

0.3275590551

0.368503937

0.4094488189

0.1655430712

0.206928839

0.2483146067

0.2897003745

0.3310861423

0.3724719101

0.4138576779

0.1671428571

0.2089285714

0.2507142857

0.2925

0.3342857143

0.3760714286

0.4178571429

0.1686006826

0.2107508532

0.2529010239

0.2950511945

0.3372013652

0.3793515358

0.4215017065




