
Effects of Fresh Frozen Plasma on Post-
Op Bleeding in Infants Undergoing Cardiac

Surgery with Cardiopulmonary Bypass

Item Type text; Electronic Thesis

Authors Balajadia Jr, Arturo Dillomes

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:38:18

Link to Item http://hdl.handle.net/10150/620837

http://hdl.handle.net/10150/620837


	
	

EFFECTS	OF	FRESH	FROZEN	PLASMA	ON	POST-OP	BLEEDING	IN	INFANTS	
UNDERGOING	CARDIAC	SURGERY	WITH	CARDIOPULMONARY	BYPASS	

	
by 
 
 

Arturo Dillomes Balajadia Jr. 
 
 

____________________________ 
Copyright © ARTURO BALAJADIA 2016 

 
 

A Thesis Submitted to the Faculty of the 
 
 

DEPARTMENT OF MEDICAL PHARMACOLOGY 
 
 

In Partial Fulfillment of the Requirements 
 

For the Degree of 
 
 

MASTER OF SCIENCE 
 
 

In the Graduate College 
 
 

THE UNIVERSITY OF ARIZONA 
 
 

2016 
 
 
 
 
 
 
 
 
	
	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
2	

	

	
	
	
	

STATEMENT	BY	AUTHOR	
	

	 The	 thesis	 titled	 EFFECTS	 OF	 FRESH	 FROZEN	 PLASMA	 ON	 POST-OP	
BLEEDING	 IN	 INFANTS	 UNDERGOING	 CARDIAC	 SURGERY	 WITH	
CARDIOPULMONARY	 BYPASS	 prepared	 by	 Arturo	 Dillomes	 Balajadia	 Jr	 has	 been	
submitted	 in	 partial	 fulfillment	 of	 requirements	 for	 a	 master’s	 degree	 at	 the	
University	of	Arizona	and	is	deposited	in	the	University	Library	to	be	made	available	
to	borrowers	under	rules	of	the	Library.	

	
	 Brief	 quotations	 from	 this	 thesis	 are	 allowable	without	 special	 permission,	

provided	that	an	accurate	acknowledgement	of	 the	source	 is	made.	Requests	 for	
permission	 for	 extended	 quotation	 from	 or	 reproduction	 of	 this	 manuscript	 in	
whole	or	in	part	may	be	granted	by	the	head	of	the	major	department	or	the	Dean	
of	 the	 Graduate	 College	 when	 in	 his	 or	 her	 judgment	 the	 proposed	 use	 of	 the	
material	 is	 in	 the	 interests	 of	 scholarship.	 	 In	 all	 other	 instances,	 however,	
permission	must	be	obtained	from	the	author.	

	
	
	

SIGNED:		Arturo	Dillomes	Balajadia	Jr	
	
	
	
	
	
	
	

APPROVAL	BY	THESIS	DIRECTOR	
	

This	thesis	has	been	approved	on	the	date	shown	below:	
	

	
______________________________________________	 	 	 	April	20,	201	
							Dr.	Todd	Vanderah,	Ph.	D.	 	 	 	 								Date	

Professor	of	Anesthesiology,	Neurology,																													
																	and	Pharmacology	 	 	 								 								 	 	 	

	 	 	
	

	
	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
3	

	

	
	

Acknowledgements	
	

A	big	thank	you	to	the	following	individuals	who	made	this	project	a	possibility.			To	
Brad	Sanders,	CCP,	for	giving	me	the	project,	to	Remington	Curtis,	Dr.	Jeannette	Dee	
Hoit,	Ph.D,	and	Dr.	Leah	Kapa,	PhD,	for	their	guidance,	support,	and	encouragement.	
	
I	would	like	to	thank	my	mentor	and	head	of	the	committee,	Dr.	Todd	Vanderah,	for	
always	giving	me	hope	and	inspiration,	and	for	the	committee	members,	Dr.	Edward	
D.	French,	Ph.D.,	and	Dr.	Tally	Largent-Milnes,	Ph.D.,	for	their	supervision.			
	
To	Ken	and	Luana	Thorup,	who	brought	me	to	the	United	States	so	I	could	experience	
and	enjoy	the	American	Dream.		To	Dr.	Jonnathan	Jerman,	M.D.,	for	introducing	me	to	
health	care,	for	his	unwavering	support,	and	for	always	believing	in	me	no	matter	how	
hard	things	got.	
	
Lastly,	 to	my	family.	 	To	my	mother,	Haydee	Balajadia,	and	to	my	deceased	father,	
Arturo	S.	Balajadia,	Sr.,	 for	 their	sacrifices	 in	earlier	years	and	for	 teaching	me	the	
value	 of	 hard	work.	 	 To	my	 greatest	 supporter,	my	wife,	 Kathy	 Balajadia,	 who	 is	
always	available	 to	help	and	 lift	me	up	no	matter	what	happens.	 	To	my	children,	
Johnny,	Aiden,	Lana,	and	Lucas,	 for	always	giving	me	strength	and	motivation	and	
making	me	smile	even	during	the	hardest	parts	of	this	program.	
	
Thank	you	all	for	your	support	and	kindness.	 	I	would	not	have	been	able	to	reach	
where	I	am	at	right	now	without	your	help.	Thank	you	from	the	bottom	of	my	heart.	

	
	
	
	
	
	
	
	
	
	
	
	

	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
4	

	

	
	

Table	of	Contents	
	
	
	

Title	Page	…………………………………………………………………………………………………………			1	

Acknowledgment	……………………………………………………………………………………………..				3	

Table	of	Contents	………………………………………………………………………………………….….				4	

List	of	Tables/List	of	Figures……………………………………………………………………………..				5	

Abbreviations	………………………………………………….………………………………………………				6	

Abstract	…………………………………………………………………………………………………………...			7	

Introduction	…………………………………………………………………………………………………….				8	

1. Fresh	Frozen	Plasma……………………………………………………………………………………			9	

A. 	Indication	of	Fresh	Frozen	Plasma	………………………………………………			9	

B. Complication	of	Fresh	Frozen	Plasma…………………………………………...			10	

2. Coagulation	Cascade:		Hemostasis………………………………………………………………..				10	

A. 	Primary	Hemostasis…………………………………………………………………..				10	

B. Vasoconstriction………………………………………………………………………….		11	

C. Platelet	Adhesion…………………………………………………...………….…………		12	

D. Activation	and	Degranulation	of	Platelets……………………………………..			12	

E. Platelet	Aggregation	……………………………………………………………………			13	

3. Intrinsic,		Extrinsic,	and	Common	Pathways	of	Coagulation	Cascade……………...			14	

A. Intrinsic	Pathway……………………………………………………………………......			15	

B. Extrinsic	and	Common	Pathways…………………………………………………			15	

4. Method	and	Data	Sources	……………………………………………………………………………			16	

5. Results	and	Discussion…………………………………………………………………………………		18	

6. Limitation	of	the	Study………………………………………………………………………………...			21	

7. Solution	to	Randomization…………………………………………………………………………..			28	

8. Conclusion………………………………………………………………………………………………….			31	

9. References………………………………………………………………………………………………….			32	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
5	

	

	
	
	

List	of	Tables	
	
	

Table	1.	A:		Data	of	Control	Group	(No	Fresh	Frozen	Plasma)	……………………………..		17	

Table	1.	B:		Data	of	Treatment	Group	(With	Fresh	Frozen	Plasma)……………………...			18	

Table	2:	Statistical	Comparison	of	both	Groups…………………………………………………..			20	

Table	3:	Case	Type	Selection	for	both	Groups……………………………………………………..			25	

Table	4:	Logistic	Regression………………………………………………………………………………			29	

	
	
	

List	of	Figures	
	

Figure	1:	Data	Comparison	of	Both	Groups………………………………………………………...			19	

Figure	2:		Age	Participants………………………………………………………………………………...			21	

Figure	3:		Percentage	of	Patients’	Age………………………………………………………………...			22	

Figure	3.A:		Comparing	4	mons	old	for	both	groups…………………………………….………..		23	

Figure	3.B:	Comparing	7	mons	old	for	both	groups……………………………………………..	24	

Figure	4:		Comparing	TOF	repair	for	both	groups	……………………………………………….	26	

	
	
	
	
	
	
	
	
	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
6	

	

	
Abbreviations	

	
ACT	 	 	 Activated	Clotting	Time	

ADP	 	 	 Adenosine	Diphosphate	

Ca++	 	 	 Calcium	

CaCl	 	 	 Calcium	Chloride	

CHD	 	 	 Congenital	Heart	Disease	

cm	 	 	 Centimeter	

CPB	 	 	 Cardiopulmonary	Bypass	

CT	 	 	 Cardiothoracic		

FFP	 	 	 Fresh	Frozen	Plasma	

Gp	 	 	 Glycoprotein	

HT	 	 	 Height	

IRB	 	 	 Internal	Revenue	Board	

IU	 	 	 International	Unit	

kg	 	 	 Kilogram	

LOS	 	 	 Length	of	Stay	

MUF	 	 	 Modified	Ultra-Filtration		

PCH	 	 	 Phoenix	Children	Hospital	

pRBC	 	 	 Packed	Red	Blood	Cell	

RBC	 	 	 Red	Blood	Cell	

TACO	 	 	 Transfusion	Associated	Circulatory	Overload	

TA-GVHD	 	 Transfusion	Associated	Graft-vs-Host	Disease	

TF	 	 	 Tissue	Factor	

TRALI		 	 Transfusion	Related	Acunt	Lung	Injury	

U	 	 	 Units	

vWF	 	 	 Von	Willerbrand	Factor	

WT	 	 	 Weight	

XC	 	 	 Cross	Clamped	

	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
7	

	

	
Abstract	

	
Severe	 congenital	 heart	 disease	 (CHD)	 is	 diagnosed	 in	 the	United	 States	 147.4	

times	 per	 100,000	 live	 births,	 excluding	 still	 births	 and	 abortions1.	 	 With	 the	

advancement	of	diagnostic	methods,	prenatal	care,	and	screening	modalities,	the	total	

CHD	birth	prevalence	has	increased	substantially2.	In	turn,	this	increases	the	number	

of	cardiac	surgery	cases.		With	the	advancement	of	technology	and	cardiac	surgery,	

smaller	and	younger	patients	are	undergoing	more	complex	cardiac	procedures	that	

involve	cardiopulmonary	bypass	(CPB).	 	Neonates	and	 infants	undergoing	CPB	are	

susceptible	to	adverse	effects	of	CPB	on	the	coagulation	cascade	due	to	their	smaller	

weight	and	hematologic	 immaturity3,4.	 	 In	addition	 to	 these	physiological	 issues	 in	

neonates	 and	 infants,	 CPB	 decreases	 circulating	 coagulation	 factors	 and	 anti-

thrombin	III	levels	to	50%	and	platelet	counts	to	70%5,	which	can	contribute	to	the	

post-operative	bleeding.	

During	CPB,	neonates’	and	infants’	coagulation	factors	become	extremely	diluted	

causing	multiple	coagulation	defects6.		Optimizing	the	CPB	circuit	volume	and	the	use	

of	 anti-fibrinolytic,	 packed	 red	 blood	 cells	 (pRBCs),	 platelets,	 cryoprecipitate,	 and	

ultrafiltration	 are	 among	 the	most	widely	 used	methods	 in	 preserving	 and	 aiding	

coagulation	 factors3,7–9.	 	 Another	 method	 of	 improving	 hemodilution-related	

coagulation	 dysfunction	 bleeding	 is	 by	 transfusing	 Fresh	 Frozen	 Plasma	 (FFP)10.	

However,	there	are	only	a	small	number	of	articles	focusing	on	the	effect	of	FFP	in	

post-operative	bleeding	in	neonates	and	infants	following	complex	cardiac	surgery	
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with	CPB.	I	postulate	that	adding	FFP	during	CPB	will	lower	the	possibility	of	patients	

to	experience	post-operational	bleeding,	thus,	shortening	their	length	of	stay	(LOS).	

	
Introduction	

	
FFP	 contains	 necessary	 coagulation	 factors	 needed	 to	 stop	 post	 operational	

bleeding.		I	hypothesized	that	replenishing	patient’s	coagulation	factors	during	CPB	

will	decreases	the	patient’s	possibility	of	post-operational	bleeding.		To	determine	the	

effect	of	FFP,	I	investigated	its	effect	on	the	degree	of	post-operative	bleeding,	blood	

product	transfusion,	and	hospital	length	of	stay	(LOS)	when	it	was	used	in	neonates	

and	infants	during	complex	cardiac	surgery	with	CPB.		

Cardiac	surgery	with	CPB	in	neonates	and	infants	is	often	associated	with	higher	fluid	

accumulation	 which	 results	 in	 hemodilution	 causing	 post-bypass	 coagulation	

disorders3,6,11,	including	post-operative	bleeding.		To	help	prevent	hemodilution	and	

post-operative	 bleeding,	 Phoenix	 Children’s	 Hospital	 (PCH)	 follows	 multiple	

protocols	which	include	priming	the	CPB	circuit	with	pRBCs	to	help	increase	patients’	

hematocrit,	adding	an	anti-fibrinolytic	agent	in	the	prime	to	reduce	the	probability	of	

blood	transfusion9,	and	using	a	modified	ultra-filtration	(MUF)	system	after	weaning	

from	CPB	to	attenuate	blood	requirements	and	inflammatory	responses12.		However,	

fresh	frozen	plasma	(FFP)	is	used	on	a	case-by-case	basis	in	a	collaborative	decision	

between	 the	surgeon,	anesthesiologist,	and	perfusionist.	 	 In	order	 to	provide	 for	a	

more	informed	decision-making	process	in	the	future,	this	study	sought	to	address	

the	 influence	 of	 FFP	on	post-operative	 bleeding	 in	 neonates	 and	 infants	 following	

complex	cardiac	surgery	with	CPB	by	analyzing	such	data	over	the	last	year.	Then	I	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
9	

	

investigated	 and	 described	 any	 significant	 factors	 and	 trends	 influencing	 post-

operative	bleeding	by	the	FFP.		

	

1. Fresh	Frozen	Plasma	

Fresh	Frozen	Plasma	(FFP)	 is	defined	as	plasma	 that	 is	 separated	 from	red	

blood	cells.	 	According	to	AABB	standards,	plasma	needs	to	be	 frozen	within	eight	

hours	of	collection	in	-18	˚C.	 	FFP	is	 frozen	quickly	 in	an	effort	to	preserve	plasma	

proteins	including	fibrinogen,	albumins,	and	coagulation	factors13.	

FFP	contains	one	international	unit	(IU)	per	ml	of	all	coagulation	factors	and	

400	mg	of	fibrinogen	per	unit.		FFP	is	thawed	in	a	water	bath	of	30˚C	to	37˚C	using	

aseptic	techniques.		After	it	is	thawed,	FFP	is	then	stored	at	1	to	6	˚C	and	has	a	shelf	

life	of	24	hours13.				

	

1.	A.			Indication	of	Fresh	Frozen	Plasma	

FFP	 is	used	 therapeutically	 and	prophylactically	 indicated	 for	patients	who	

require	additional	coagulation	factors	during	and/or	after	surgery,	liver	disease,	vit	

K	 reversal,	 and	 plasma	 exchange13.	 	 FFP	 should	 be	 ABO-compatible	 with	 the	

recipient’s	RBC,	but	it	does	not	contain	enough	RBCs,	therefore	FFP	transfusion	does	

not	require	a	cross	match.			
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1.	B.		Complication	of	Fresh	Frozen	Plasma	

FFP	can	cause	complications.		In	addition	to	allergic	reactions,	it	can	also	cause	

transfusion-related	 acute	 lung	 injury	 (TRALI),	 acute	 hemolytic,	 and	 transfusion-

associated	 graft-versus-host	 disease	 (TA-GVHD).	 	 FFP	 can	 also	 cause	 transfusion	

associated	circulatory	overload	(TACO)	which	result	due	to	rapid	transfusion	of	large	

amount	of	blood	volume14.	

	

2.	Coagulation	Cascade:		Hemostasis	

Clotting	is	one	of	the	processes	of	hemostasis	that	allows		bleeding	to	stop	by	

stabilizing	the	injury	of	the	blood	vessels,	giving	it	time	to	heal.15			In	the	blood	vessel,	

blood	flows	in	one	direction	and	the	blood	contains	many	cells.		One	of	the	cells	within	

the	blood	vessel	is	the	endothelial	cell	that	allows	the	blood	to	travel	smoothly	and	

communicates	to	other	endothelial	cells	to	maintain	hemostasis.		Damage	to	a	blood	

vessel	 allows	 the	 blood	 to	 flow	 outside	 the	 blood	 vessels;	 through	 the	 process	 of	

clotting,	hemostasis	prevents	blood	excretion	and	gives	time	for	the	blood	vessel	to	

repair	the	issue.	

	

2.	A.	Primary	Hemostasis	

The	 first	 stage	 of	 rebuilding	 the	 damaged	 tissue	 is	 through	 the	 primary	

hemostasis	that	begins	immediately	after	the	blood	vessel’s	injury.	The	endothelial	

cells	at	the	site	of	the	injury	begin	to	secrete	proteins.		Within	that	injured	blood	vessel	

are	 cells	 called	 platelets	 or	 thrombocytes.16	 Thrombocytes	 are	 made	 in	 bone	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
11	

	

marrow,17	 and	 their	 purpose	 is	 to	 respond	 to	 injured	 blood	 vessels.	 	 Within	 the	

thrombocytes	are	alpha	and	delta	granules	which	contain	molecules	and	proteins	that	

are	necessary	for	hemostasis.		Platelets	that	received	the	signal	from	endothelial	cells	

begin	 to	 activate,	 releasing	 their	 contents,	 and	 start	 to	 undergo	 changes	 in	 cell	

structure18	to	infiltrate	the	injured	blood	vessels	and	create	a	platelet	plug	that	will	

need	 reinforcement.	 	 For	 this	 to	 happen,	 the	 first	 step	 of	 primary	 hemostasis,	

vasoconstriction,	has	to	occur.	

	

2.	B.	Vasoconstriction	

In	vasoconstriction,	 the	smooth	muscle	cells	 in	 the	blood	vessel	narrows	to	

make	the	blood	vessels	constrict	to	decrease	and	minimize	blood	flow,	decreasing	the	

loss	 of	 blood.	 	 Vasoconstriction	 happens	 in	 two	ways.	 	 The	 first	 is	 a	 nerve	 reflex	

causing	the	smooth	muscle	to	constrict	due	to	the	injury.		The	second	is	due	to	the	

molecule	 endothelin	 secreted	 from	 the	 endothelium	 cells	 that	 act	 on	 the	 smooth	

muscle	 in	 the	 blood	 vessels	 causing	 it	 to	 constrict.19	 In	 healthy	 blood	 vessels	

vasodilator	molecules	 like	nitric	oxide20	and	prostacyclin21	 inhibit	endothelin	cells	

preventing	 vasoconstriction.	 	 However	 in	 the	 event	 of	 a	 blood	 vessel	 injury,	

endothelium	cells	produce	less	vasodilator	molecules	which	disrupts	the	balance	in	

favor	of	vasoconstrictor	ion	by	endothelin.22	
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2.	C.	Platelet	Adhesion		

The	second	step	of	the	primary	hemostasis	is	platelet	adhesion.		The	platelets	

need	to	stick	on	the	site	of	the	blood	vessel	that	was	injured.		The	platelets	carry	sacs	

of	 granules,	 one	 of	which	 are	 the	 alpha	 granules	 that	 contain	 fibrinogen	 and	 Von	

Willebrand	 factor	 (vWF).	 	Platelets	have	multiple	 receptors	 including	glycoprotein	

(Gp)	Ib	and	glycoprotein	(Gp)	IIb/IIIa,	which	are	important	receptors	for	the	primary	

hemostasis.	23	Once	the	platelets	are	activated,	these	receptors	bind	with	fibrinogen	

to	create	platelets	plug.	

In	normal	conditions,	platelets	do	not	stick	on	the	endothelial	cells	due	to	the	

vasodilation	effect	of	nitric	oxide	and	prostacyclin20,21,	but	during	the	blood	vessel	

injury	fewer	vasodilators	molecules	are	being	produced	allowing	the	platelets	to	get	

closer	to	the	distressed	location.		The	other	factor	that	helps	with	platelet	adhesion	is	

the	vWF24,	 also	 secreted	 from	 the	endothelial	 cells.	 	At	 the	 site	of	 injury,	 the	vWF	

factor	 binds	 to	 the	 sub-endothelial	 collagen,	 a	 substance	 that	 provides	 structural	

support	to	the	blood	vessels.		On	one	side	of	the	vWF	binds	to	the	collagen	and	to	the	

Gp	Ib	receptor	of	the	platelets	on	the	other.	 	Once	the	platelets	bind	to	the	vWF,	 it	

starts	to	become	activated	which	is	the	third	process	of	the	primary	hemostasis.	

	

2.	D.		Activation	and	Degranulation	of	Platelets	

The	third	process	of	primary	hemostasis	is	the	activation	and	degranulation	of	

the	 platelets.	 	 When	 platelets	 are	 activated,	 the	 Gp	 IIb/IIIa	 receptor	 starts	

conformational	 changes	 which	 allow	 it	 to	 bind	 to	 fibrinogen.23	 The	 granule	 sacs,	
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inside	the	platelets,	also	get	released	to	the	site	of	action.	 	The	plasma	releases	the	

alpha	 granule,	 which	 contains	 fibrinogen	 and	 the	 vWF25,	 and	 the	 delta	 or	 dense	

granules	which	 contain	 serotonin,	ADP	and	Ca++.26,27	 Serotonin	 is	 a	 constrictor	of	

smooth	muscle	cells	while	the	ADP	activates	platelets	and	promotes	aggregation.28	

Ca++	 is	 needed	 for	 the	 secondary	 hemostasis	 to	 stabilize	 the	 platelet	 clots.	 	 The	

activated	 platelets	 also	 secrete	 Thromboxane	 A2,	 which	 has	 pro-thrombotic	

properties	that	stimulate	the	activation	of	other	new	platelets	leading	to	an	increase	

in	platelet	aggregation29.	

	

2.	E.		Platelet	Aggregation	

Platelet	aggregation,	the	4th	step	of	primary	hemostasis,	is	mediated	primarily	

through	 Gp	 IIb/IIIa	 receptors	 of	 activated	 platelets	 and	 allows	 it	 to	 bind	 to	 the	

fibrinogen.30	Through	 the	 fibrinogen	binding,	activated	platelets	are	able	 to	create	

platelet	 plug,	 which	 is	 the	 end	 product	 of	 the	 primary	 hemostasis.	 	 Through	 the	

process	 of	 primary	 hemostasis,	 a	weak	 platelet	 plug	was	 created.	 	 The	 secondary	

stage	of	hemostasis	makes	this	platelet	plug	stronger	by	adding	protein	called	fibrin.		

Fibrin	does	not	circulate	in	the	blood	as	fibrin	but	as	a	fibrinogen.		In	the	blood,	there	

is	a	family	of	protein	called	coagulation	factors.		A	coagulation	factor,	like	FXII	or	FVII,	

will	 be	 activated	 during	 the	 blood	 vessels	 injury	 and	 then	 activates	 the	 other	

coagulation	factors	creating	a	cascade	that	ultimately	creates	a	fibrin	from	fibrinogen.		

Once	the	fibrin	is	released,	it	links	up	on	top	of	the	platelet	plug	making	it	stronger	

and	stable.31	
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The	creation	of	a	fibrin	mesh	and	stabilization	of	the	platelet	plugs	require	the	

molecule	calcium	and	a	phospholipid	surface.32	Calcium	is	released	by	the	platelets	

during	the	primary	hemostasis	when	platelets	are	activated26,27,	and	the	phospholipid	

surface	is	also	provided	by	the	platelets	themselves.		The	combination	of	the	primary	

and	the	secondary	hemostasis	is	a	stable	clot.		

To	create	fibrin,	coagulation	cascades	must	be	activated.		One	of	this	cascades	

occurs	through	an	exposure	of	a	protein	called	sub-endothelial	collagen.		This	protein	

resides	underneath	 the	endothelial	 cells	but	when	 the	blood	vessels	are	 injured	 it	

exposes	the	sub-endothelial	collagen	to	the	blood.33		Once	it	gets	exposed	to	the	blood	

it	triggers	the	intrinsic	pathway	of	the	coagulation	cascade.		The	other	way	to	start	

the	 cascade	 is	 through	 another	 protein	 that	 is	 secreted	 by	 the	 endothelial	 cells	

whenever	the	blood	vessels	are	damaged	from	outside	the	body.		This	protein	is	called	

the	 tissue	 factor,	 or	 thromboplastin,	 and	 activates	 the	 extrinsic	 pathway	 of	 the	

coagulation	cascade.34	

	

3.		Intrinsic,	Extrinsic,	and	Common	Pathway	of	coagulation	

cascade	

At	the	site	of	vessel	injury	the	first	platelet	arrives	to	start	sealing	the	wound	

and	simultaneously	 the	 coagulation	cascade	with	 its	various	 coagulation	 factors	 is	

activated.		This	involves	the	intrinsic,	extrinsic,	and	common	pathways.		Coagulation	

cascade	is	taking	an	inactivated	factor	and	turning	it	 into	 its	activated	form	by	the	

help	 of	 proteases.	 Typically	 an	 active	 factor	 can	 act	 as	 another	 protease	 to	
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downstream	 events	 to	 allow	 the	 cleaving	 of	 multiple	 inactive	 factors	 into	 active	

protease	 factors	 for	 amplification	 of	 coagulation	 cascade	 which	 determines	 the	

clotting	of	fibrin.		The	intrinsic	pathway	involves	factors	XII,	XI,	IX	and	VIII,	while	the	

extrinsic	 pathway	 primarily	 involve	 factor	 VII.	 	 The	 common	 pathway	 starts	with	

factor	X	and	factor	II,	which	is	also	known	as	thrombin,	and	factor	XIII	which	involves	

the	activation	of	fibrin.35	

	

3.	A.		Intrinsic	Pathway	

The	intrinsic	pathway	of	coagulation	starts	with	the	activation	of	factor	XII	to	

XIIa.		One	molecule	of	an	active	XIIa	then	cleaves	multiple	inactive	forms	of	factor	XI	

to	its	activated	form	XIa.		Activation	of	XIa	triggers	the	IXa	factor	activation,	which	is	

the	last	modality	of	the	intrinsic	pathway.	Factor	IXa,	with	the	help	of	Factor	VIIIa,	

activates	factor	X	to	factor	Xa,	which	is	the	first	factor	of	the	common	pathway.	36	

	

3.	B.		Extrinsic	and	Common	Pathway	

The	extrinsic	pathway	activation	begins	with	the	exposed	molecules	of	vessel	

walls	such	as	the	tissue	factors	(TF).37		TF	activates	factor	VII	to	factor	VIIa	leading	to	

the	activation	of	factor	X	to	factor	Xa,	which	is	the	point	at	which	the	intrinsic	and	

extrinsic	pathways	of	the	coagulation	cascades	meet.35		Common	pathway	starts	with	

factor	Xa	acting	as	a	protease	that	activates	factor	II	to	factor	IIa,	also	known	as	the	

thrombin.		The	factor	IIa	then	converts	fibrinogen	to	a	mono-fibrin	and	the	multiple	

monofibrins	are	polymerized	by	the	activated	factor	XIIIa	resulting	in	a	fibrin	clot38,	
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which	is	the	main	goal	of	coagulation	cascade.		To	maintain	hemostasis,	the	fibrin	clot	

needs	to	be	broken	down.	Fibrinolysis	 is	the	process	of	breaking	down	fibrin	clots	

with	the	help	of	plasmin.39,40		

Since	the	two	pathways	merge	at	the	level	of	factor	Xa,	the	factor	Xa	has	the	

pivotal	role	in	the	coagulation	cascade.41	One	molecule	of	factor	Xa	can	catalyze	the	

formation	of	thousands	of	molecules	of	thrombin.		These	large	amounts	of	thrombin	

cause	the	further	activation	of	platelets	and	the	enhanced	formation	of	fibrin.		Fibrin	

then	forms	straps	making	up	the	mesh	that	stabilizes	the	platelet	plugs	in	the	clot.	

	

4. Method	and	Data	Sources	
	

After	approval	from	the	local	Institutional	Review	Board	(IRB),	a	retrospective	

chart	review	was	conducted	with	patients	less	than	1	year	of	age	who	had	undergone	

cardiothoracic	 surgery	 with	 Cardiopulmonary	 Bypass	 (CPB)	 over	 the	 last	 year	

(between	01/01/2015	and	01/31/2016)	at	Phoenix	Children’s	Hospital	(PCH).		The	

need	for	informed	consent	was	waived	due	to	the	retrospective	nature	of	the	analysis.	

Patients’	 records	were	 identified	 by	 running	 a	 query	 of	 the	 CT	 Surgery	 Database	

(Society	of	Thoracic	Surgeons	Congenital	Heart	Surgery	Database).				

The	study	comprises	175	cases.	55	control	subjects	who	did	not	receive	Fresh	

Frozen	Plasma	(FFP)	during	 their	actual	surgeries,	and	120	subjects	who	received	

FFP.		The	surgery	types	include:	aortic	arch	reconstructions	or	repair	(16),	arterial	

switch	operation	(15),	atrial	 septal	defect	 repair	 (9),	atrio-ventricular	canal	 repair	

(15),	Blalock-Taussig	shunt	placement	(4),	Damus-Kaye-Stansel	procedure	(DKS)	(2),	
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double	outlet	right	ventricle	repair	(DORV)	(4),	Glenn	Shunts	(24),	heart	transplant	

(7),	hypoplastic	aortic	arch	repair	(1),	pulmonary	artery	plasty	with	central	shunt	(1),	

mitral	valve	replacement	(2),	Norwood	operation	(10),	pulmonary	valvotomies	(3),	

pulmonary	vein	stenosis	repair	(2),	right	ventricular	teratoma	(1),	slide	tracheoplasty	

(1),	 Strane	procedure	 (1),	 total	 anomalous	pulmonary	venous	 return	 repairs	 (11),	

tetralogy	of	fallot	repair	(17),	truncus	arteriosus	repair	(3),	and		ventricular	septal	

defect	closure	(26).		The	selection	of	patients	was	expected	to	be	random	given	that	

there	was	no	protocol	 at	 the	 time	 for	when	 to	administer	FFP	 to	 a	patient	during	

surgery,	 and	 the	 administration	 of	 FFP	 was	 mainly	 a	 case-by-case	 collaborative	

decision	between	the	surgeon,	anesthesiologist,	and	the	perfusionist.	

During	 the	 surgery,	 the	 anesthetic,	 CPB	 and	 surgical	 techniques	 were	

standardized	based	on	the	parameters	set	by	PCH.		Before	the	bypass	was	initiated,	

the	 circuit	was	 primed	with	 packed	 red	 blood	 cells	 (pRBC)	 coupled	with	 Calcium	

Chloride	 (CaCl).	 	 Standard	 drugs	 were	 also	 added	 to	 the	 prime	 such	 as	 albumin,	

mannitol,	magnesium,	and	Tranexamic	acid	as	per	PCH	protocol.		For	anticoagulation,	

unfractionated	heparin	of	100	units	per	kilogram	(kg)	was	administered	as	part	of	

the	 priming	 solution	 and	 an	 additional	 300-400	 U/kg	 for	 a	 table	 dose.	 Once	 the	

activated	 clotting	 time	 (ACT)	 passed	 the	 400-second	 threshold,	 the	 patient	 was	

cannulated	and	bypass	was	initiated.		At	the	conclusion	of	the	CPB,	protamine	sulfate	

was	administered	to	reverse	the	remaining	effects	of	heparin	in	the	patient.	
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5. Results	and	Discussion		

Table	1-A	contains	data	 for	 the	control	group	of	patients	who	did	not	 receive	FFP	

during	their	surgeries.		The	group	average	Cardiopulmonary	Bypass	(CPB)	time	was	

84	minutes	mins	with	a	minimum	of	35	mins	and	a	maximum	of	170	mins.		The	group	

had	an	average	cross	clamp	(XC)	time	of	56	mins.		The	average	age	was	5.75	months	

with	 an	 average	weight	 (WT)	 of	 7	 kg	 and	 an	 average	 height	 (HT)	 of	 63	 cm.	 	 The	

average	hospital	length	of	stay	(LOS)	for	this	group	was	15	days	with	no	mortality.			

	

	

	

	

	

Age	(months);	CPB	–	Cardio	Pulmonary	Bypass	Time	(mins);	XC	–	Cross	Clamped	Time	
(mins);	WT	–	weight	(kg);	HT	–	height	(cm);	LOS	–	Length	of	Stay	(days);	DOStoDIS	–	from	

Date	of	Surgery	to	Discharge	(days)	

Variable N Mean Std.	Dev. Min Max
Age	(months) 55 5.75 2.63 0 11
CPB	(mins) 55 83.53 34.64 35 170
XC	(mins) 48 55.81 34.81 0 148
WT	(kg) 55 6.94 5.16 3.2 43
HT	(cm) 55 62.75 7.33 28 78
Death 55 0.00 0.00 0 0
LOS 55 15.55 18.28 3 73
DOStoDis 55 10.58 12.28 3 63

Table	1-A:	Control	Group	(No	FFP)
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Table	1	–	B	contains	data	for	the	treatment	group	of	patients	who	received	FFP	

during	 the	 time	 of	 their	 surgeries.	 	 Their	 average	 CPB	 time	was	 133	mins	with	 a	

minimum	of	13	mins	and	a	maximum	of	308	mins.	 	Their	average	XC	time	was	75	

mins.		The	group’s	age	average	was	2.4	months	with	an	average	weight	of	4	kg	and	

average	height	of	55	cm.		Out	of	120	cases,	4	patients	passed	away	during	their	stay	

in	the	hospital.	

	

	

	

Figure	1	compares	the	data	from	the	two	groups.		Out	of	120	patients	of	the	

treatment	group,	only	8%	(10	patients)	experienced	post	operational	bleeding,	which	

is	consider	when	patients	experienced	chest	tube	drainage	3	days	after	the	surgery,	

while	 the	 control	 group	had	 a	 45%	 (25	patients)	 rate.	 	 This	 negative	 relationship	

between	the	use	of	FFP	and	post-operational	bleeding	gives	initial	evidence	on	the	

hypothesis	that	the	use	of	FFP	decreases	the	tendency	of	the	patient	to	bleed	after	

Variable N Mean Std.	Dev. Min Max
Age	(months) 120 2.44 2.81 0 10
CPB	(mins) 120 132.84 59.51 13 308
XC	(mins) 108 75.04 46.17 0 277
WT	(kg) 120 4.33 1.62 2 9
HT	(cm) 120 54.90 7.40 44 76
Death 120 0.03 0.18 0.00 1.00
LOS 120 27.88 26.20 0 143
DOStoDis 114 21.45 24.56 3 141

Table	1	-B:	Treatment	Group	(With	FFP)
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cardiac	surgery.		But	even	with	the	low	percentage	of	bleeding	in	the	treatment	group,	

the	use	of	FFP	did	not	reduce	their	length	of	stay	in	the	hospital.		The	FFP	group	stayed	

longer,	an	average	of	28	days	in	the	hospital	while	the	other	group	only	stayed	for	16	

days,	an	average	of	almost	two	weeks	in	LOS.		Almost	in	every	case	pRBC	were	used	

in	 priming	 the	 CPB	 pump,	 98%	 and	 100%	 for	 the	 control	 and	 treatment	 groups,	

respectively.		The	treatment	group	had	longer	surgical	duration	time	associated	with	

their	cases,	an	average	of	133	mins	for	CPB	time	and	75	mins	XC	time.				

	

	

As	shown	in	Table	1-A	&	B,	the	patients	in	the	control	group	were	older	than	

the	treatment	group,	an	average	age	of	6	months	for	the	control	group	and	2	months	

for	 the	 treatment	group.	 	They	were	also	heavier	and	 taller,	 an	average	of	7	kg	 in	

weight	and	63	cm	in	height	compared	to	4	kg	for	weight	and	55	cm	for	height	for	the	

treatment	group.	 	 In	 short,	 the	group	 that	 received	FFP	had	more	cardiac	 surgical	



	 	 		Balajadia	-	Fresh	Frozen	Plasma	
	

	
21	

	

cases,	and	had	younger,	smaller,	and	lighter	patients	than	those	of	the	non-FFP	group.		

The	FFP	group	had	longer	duration	CPB	and	XC	time	and	stayed	longer	in	the	hospital,	

but	experienced	less	post	operational	bleeding	compared	to	the	non-FFP	group--an	

indication	that	the	FFP	has	a	negative	relationship	with	the	post	operational	bleeding	

but	a	positive	correlation	with	the	LOS.	

	

6. Limitation	of	the	Study	

Table	2	statistical	analysis	of	both	the	treatment	and	the	control	group.	

	

In	Fig	1,	out	of	120	cases	of	the	FFP	group,	only	10	patients	exhibited	chest	

tube	bleeding	(8%)	and	stayed	for	an	average	of	26	days,	while	25	(45%)	patients	out	

of	55	from	the	non-FFP	group	had	chest	tube	bleeding	but	only	stayed	for	18	days.		

But	according	to	the	Student’s	t	test,	in	Table	2,	the	variables	show	that	the	control	

No	FFP FFP Difference T	stat P-	value
Mean 0.45 0.08 0.37

STD	Dev 0.50 0.28 0.23
Mean 15.55 27.88 -12.33

STD	Dev 18.28 26.20 -7.92
Mean 5.75 2.44 3.31

STD	Dev 2.63 2.81 -0.18
Mean 83.53 132.84 -49.31

STD	Dev 34.64 59.51 -24.87
Mean 55.81 75.04 -19.23

STD	Dev 34.81 46.17 -11.36
Mean 6.94 4.33 2.61

STD	Dev 5.16 1.62 3.54
Mean 62.75 54.90 7.85

STD	Dev 7.33 7.40 -0.07
Mean 0.00 0.03 -0.03

STD	Dev 0.00 0.18 -0.18

Post	-Op	Bleeding 6.28 0.00

6.53 0.00

-1.37 0.17

-3.15 0.0019

0.00

-2.58 0.01

5.04 0.00

LOS

Table	2:		Statistical	Comparison	of	both	Groups

Age	(months) 7.36 0.00

CPB	(mins)

XC	(mins)

Wt	(kg)

HT	(cm)

Death

-5.71
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group	is	different	compared	to	the	treatment	group,	which	could	mean	that	this	study	

lacks	randomization.		All	of	the	t-scores	of	the	variables	show	greater	magnitude	from	

zero,	 which	 is	 evidence	 against	 the	 null	 hypothesis	 that	 there	 is	 no	 significant	

difference	between	the	two	groups.		The	failure	to	randomize	the	sample	weakens	the	

reliability	of	the	evidence	presented	in	table	2	that	FFP	decreases	the	possibility	of	

post	operational	bleeding,	and	thus	warrants	further	investigation	of	the	data.	

	

	 Additionally,	some	patterns	that	could	explain	the	results	of	the	t	test	include,	

a	possible	cause	of	the	failed	randomization	could	be	the	age	difference	of	the	patients	

in	 both	 groups.	 In	 Fig	 2,	 the	 data	 shows	 that	 the	 majority	 of	 the	 patients	 in	 the	

treatment	group	were	4	months	old	or	younger	and	mostly	consisting	of	neonates	(4	

weeks	old	or	younger).		As	the	patients’	age	increases	surpassing	the	age	of	5	months	

old	or	older,	the	data	shows	that	less	FFP	was	used	during	the	surgery,	with	exception	

of	the	6	month	old	patients.		This	data	illustrates	that	the	cardiac	team	was	more	likely	
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to	give	FFP	to	patients	4	months	old	and	younger	and	less	likely	to	administer	FFP	in	

patients	older	than	5	months	old.			

	

	

Fig	3	shows	the	same	the	same	data	with	a	different	graph.		The	orange	bar	

reveals	the	use	of	FFP	during	the	case	and	the	blue	bar	represents	the	case	without	

FFP.		As	it	appears	in	this	figure,	the	orange	bars	are	more	dominant	in	the	younger	

patients	and	shrinks	as	the	patients’	age	increases.		The	blue	bar	shows	an	increasing	

trend	 as	 the	 patients’	 age	 increases.	 	 The	 trend	 shows	 abundance	 used	 of	 FFP	 in	

younger	patients	compared	to	the	older	patients.	

To	further	evaluate	the	effects	of	FFP	based	on	age,	the	data	of	the	4	month	old	

and	7	month	old	patients	were	evaluated	in	more	detail.	 	In	these	age	groups,	both	

the	 control	 and	 treatment	 group	 have	 almost	 the	 same	 number	 of	 subjects,	 a	
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possibility	of	randomization.		The	data	in	these	groups	are	shown	in	Fig.	3-A	and	Fig.	

3-B	below.	

	

	

The	data	for	the	4	month	olds	are	being	compared	in	Fig.	3-A	above.		Looking	

at	 the	 “%	 of	 bleeding”	 variable,	 the	 data	 shows	 that	 FFP	 has	 no	 effect	 on	 post-

operational	 bleeding	 since	 both	 groups	 have	 an	 equal	 amount	 of	 bleeding--both	

groups	show	50%	of	post-operational	bleeding.		However,	the	treatment	group	had	

longer	CPB	and	XC	time	and	longer	LOS.		Data	does	not	compare	the	complexity	of	the	

cases.	 	 Therefore,	 it	 is	 important	 to	 note	 that	 the	 cases	 in	 the	 control	 group	 that	

experienced	post-operational	bleeding	were	simple	cases	such	as	ventricular	septal	

defects	 (VSDs),	 while	 the	 cases	 for	 the	 treatment	 group	 that	 experienced	 post-
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operational	bleeding	were	heart	transplant	and	atrio-ventricular	defects,	much	more	

complicated	cases	compared	to	VSD.	

	 Fig	3-B	below	shows	the	data	comparison	of	the	7	month	olds.		The	data	shows	

the	same	trend	as	the	group	of	4	month	olds	with	a	little	variance.		Both	the	control	

and	treatment	group	have	almost	the	same	number	of	patients	who	experienced	post-

operational	bleeding,	3	patients	versus	2	patients,	respectively.		The	treatment	group	

still	has	 longer	CPB	and	XC	time,	however,	 in	 this	set	of	data,	 the	treatment	group	

shows	a	shorter	LOS	than	the	control	group--opposite	findings	compared	to	the	group	

of	the	4	month	olds.	

	

In	summary,	both	age	groups	show	that	FFP	has	no	effect	on	post-operational	

bleeding,	 however,	 the	 FFP	 decreases	 the	 LOS	 in	 the	 group	 of	 7	month	 olds.	 The	
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sample	 size	 of	 both	 groups	 of	 data	 are	 too	 small	 to	 consider	 its	 significance	

statistically.			

	

Another	 variable	 that	 could	 affect	 the	 randomization	 of	 the	 data	 is	 the	

relationship	between	the	use	of	FFP	and	the	patients’	cases.		The	data	shows	in	Table	

2	that	the	treatment	group	had	longer	average	CPB	and	XC	time.		When	I	investigated	

the	data,	it	showed	that	the	majority	of	the	surgeries	for	those	who	did	not	receive	

FFP	during	CPB	were	not	as	complex	as	those	who	received	FFP,	which	potentially	

explains	the	longer	length	of	CPB	and	XC	time.		Most	of	the	surgeries	for	non-FFP	cases		

were	 less	 complex	 congenital	 defects	 like	 atrial	 or	 ventricular	 defects	 and	 Glenn	

shunt,	while	the	FFP	cases	were	more	complicated	such	as	arterial	switch	operation,	

FFP	was	not	used	during	the	case
FFP	was	used	during	the	case

Simple	Cardiac	Cases No	FFP FFP Total No	FFP FFP
Atrial	Septal	Deffect		(ASD)	Repair 6 3 9 67% 33%
Atrioventricular	(AV)	Canal	Repair 9 6 15 60% 40%
Blalock-Taussig	(BT)	Shunt 0 4 4 0% 100%
Glenn	Shunt 13 11 24 54% 46%
Pulmonary	Valvotomy,	Atrial	Septal	Fenestration 3 0 3 100% 0%
Ventricular	Septal	Defect		Closure 15 11 26 58% 42%

Complex	Cardiac	Cases No	FFP FFP Total No	FFP FFP
Aortic	Arch	Reconstruction	or	repair 0 16 16 0% 100%
Arterial	Switch 0 15 15 0% 100%
Damus-Kaye-Stansel	(DKS)	Procedure 0 2 2 0% 100%
Double	Outlet	Right	Ventricle	(DORV)	Repair 1 3 4 25% 75%
Heart	Transplant 0 7 7 0% 100%
Hypoplastic	Aortic	Arch	Repair 0 1 1 0% 100%
Mitral	Valve	Replacement 0 2 2 0% 100%
Norwood 0 10 10 0% 100%
Tetralogy	Of	Fallot	Repair 7 10 17 41% 59%
Total	Anomalous	Pulmonary	Venous	Return	 1 10 11 9% 91%
Truncus	Arteriosus	Repair 0 3 3 0% 100%

Table	3:		Case	Type	Selection	for	both	Groups
Percentage	of	Cases

Percentage	of	Cases
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double	outlet	right	ventricle	repair,	or	norwood	procedures	as	shown	in	Table	3.		The	

treatment	group	had	more	severe,	more	complex,	sicker	cases	than	the	control	group.			

Fig	4-A	below	shows	the	effects	of	the	FFP	on	post-operational	bleeding	that	

is	based	on	the	severity	of	the	case,	such	as	the	Tetralogy	of	Fallot	(TOF)	repairs.	

	

	

		The	 TOF	 data	 has	 7	 patients	 in	 the	 control	 group	 and	 10	 patients	 in	 the	

treatment	group.		The	treatment	group,	just	like	the	other	figures,	shows	longer	CPB	

and	XC	times,	but	58%	of	the	control	group	experienced	post-operational	bleeding	

while	none	of	the	patients	in	the	treatment	group	suffered	post-operational	bleeding.		

The	data	also	shows	that	the	treatment	group	stayed,	on	average,	2	weeks	longer	than	

the	control	group.		Even	if	the	average	age	of	both	the	control	and	treatment	group	is	

younger	than	6	months	old,	the	treatment	group	still	shows	younger	patients	with	an	
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average	 of	 3	 months	 old	 compared	 to	 the	 control	 group	 whose	 average	 age	 is	 5	

months	old.			

In	summary,	the	differences	found	in	this	study	were	probably	related	to	the	

fact	 that	 FFP	 was	 most	 likely	 used	 during	 cardiac	 surgeries	 when	 patients	 were	

smaller,	 younger,	 and	 were	 diagnosed	 with	 more	 severe	 and	 complex	 cases	 of	

congenital	heart	defects.		Even	if	a	protocol	as	to	when	to	use	the	FFP	during	cardiac	

cases	does	not	excess	currently	in	PCH,	the	data	clearly	shows	that	the	cardiac	team	

were	likely	to	use	an	FFP	in	younger,	sicker	infants.	

	

7. Solution	to	Randomization		
	

To	 overcome	 the	 issue	 of	 randomization,	 logistic	 regression	 was	 used	 to	

further	analyze	the	data.			This	type	of	regression	does	not	interpret	the	magnitude	of	

the	variables	but	it	shows	its	impact	instead,	either	positive	or	negative	effect.		In	this	

regression,	 the	 dependent	 variables	 that	 are	 being	 tested	 are	 the	 probability	 of	

bleeding,	its	marginal	effect,	and	the	length	of	stay.		The	variables	in	the	first	column	

are	the	independent	variables.		In	the	second	column	of	Table	4,	there	are	only	three	

independent	variables	 that	 show	as	statistically	 significant,	and	 those	are	 the	FFP,	

CPB	and	XC,	which	are	all	marked	by	three	“*”.		According	to	the	logistic	regression,	

after	considering	all	the	independent	variables,	the	use	of	FFP	has	a	negative	effect	on	

bleeding,	which	means	FFP	does	decrease	the	probability	of	bleeding.		Additionally,	it	

also	shows	a	negative	effect	on	the	length	of	stay	(column	4),	which	means	that	the	

use	 of	 FFP	 decreases	 the	 probability	 of	 the	 patient	 staying	 longer	 in	 the	 hospital.		

However,	the	data	on	LOS	does	not	show	as	statistically	significant	probably	because	
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of	the	small	number	of	the	sample.	 	If	the	sample	size	would	have	been	larger,	it	is	

most	likely	that	the	data	would	show	a	significance	statistically.		The	marginal	effect	

when	FFP	was	used	was	32.64%,	which	means	the	patient	who	received	FFP	on	CPB		

had	32.64%	chance	that	he/she	would	not	experience	post	operational	bleeding.	 	

Additionally,	the	data	demonstrates	that	both	CPB	and	XC	time	have	opposing	

effect	on	post-operational	bleeding,	one	negatively	and	one	positively.		According	to	

this	logistic	regression,	the	longer	the	CPB	time	the	less	likely	the	patient	will	bleed.		

Perhaps	it	is	a	possibility	that	longer	CPB	time	could	mean	that	the	cardiac	team	was	

spending	more	time	in	preventing	or	stopping	the	bleeding.		It	is	also	possible	that	

the	surgeon	was	taking	more	time	to	make	sure	that	the	patient	would	not	bleed	by	

careful	 operational	 techniques	 or	 simply	 by	 just	 observing	 the	 patient’s	 bleeding	

situation	before	they	got	off	bypass,	but	then	again,	it	could	also	mean	that	while	the	

patient	 was	 on	 bypass,	 the	 patient	 was	 bleeding	 and	 the	 cardiac	 team	 was	

administering	more	FFP,	other	blood	products,	or	drugs	 to	stop	the	bleeding,	 thus	

requiring	more	time	in	CPB.		According	to	CPB	marginal	effect,	every	one	minute	more	

in	CPB	time	gives	the	patient	0.27%	more	of	a	chance	not	to	experience	bleeding,	or	

2.7%	chance	that	the	patient	will	less	likely	bleed	for	every	additional	ten	minutes	in	

CPB	time.		CPB	time,	as	it	shows	in	column	4,	also	has	no	effect	on	length	of	stay.		

	 XC	time	has	an	opposite	effect	on	the	probability	of	bleeding	when	compared	

to	CPB	time.		The	table	shows	XC	time	has	a	positive	effect	on	bleeding	probability,	

which	means	 the	 longer	 the	 XC	 time,	 the	more	 likely	 the	 patient	will	 bleed.	 	 The	

marginal	effect	of	XC,	as	shown	in	column	2,	 is	0.35%.	 	This	means	the	patient	has	

0.35%	 chance	 of	 bleeding	 for	 every	 extra	 minute,	 or	 3.5%	 for	 an	 additional	 10	
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minutes.		This	can	be	possibly	explained	by	the	fact	that	during	XC	the	ascending	aorta	

was	still	clamped	in	order	for	the	surgeon	to	work	on	the	patient’s	heart,	which	means	

the	 surgeon	 took	 longer	 to	 fix	 the	 cardiac	 defects	 which	 could	 be	 due	 to	 cardiac	

defects	complexity	or	surgical	issues.		XC	has	no	effect	on	length	of	stay	as	well.				The	

rest	of	the	independent	variables	such	as	weight	and	height	have	no	effect	on	bleeding	

probability	nor	on	length	of	stay.	
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8. Conclusion	

	 In	 conclusion,	 due	 to	 the	 advancement	 of	 technology	 and	 cardiac	 surgery	

techniques,	 smaller	 and	 younger	 patients	 are	 undergoing	bypass	 surgery.	 	 Infants	

hematologic	immaturity	and	the	adverse	effects	of	CPB	dilutes	the	coagulation	factors	

of	the	patients	causing	them	to	experience	increased	bleeding	post	operatively	and	to	

stay	longer	for	recovery.			

	 FFP	contains	the	coagulation	factors	necessary	to	establish	hemostasis,	thus,	

administering	 FFP	 to	 the	 patient	 during	 the	 cardiac	 surgery	 could	 attenuate	 the	

effects	of	coagulant	factors	hoping	to	prevent	post-operative	bleeding.	

	 PCH	agreed	to	study	175	cases	retrospectively	to	evaluate	the	effects	of	FFP	to	

post-operational	bleeding.		The	study	was	expected	to	be	random	since	there	was	no	

protocol	as	to	when	to	use	the	FFP	and	its	administration	during	the	case	was	solely	

based	on	the	decision	of	 the	cardiac	 team	in	a	case-by-case	scenario.	 	 Initially,	 the	

study	 showed	 negative	 correlation	 of	 FFP	 to	 post-operative	 bleeding	 but	 not	 on	

length	of	stay.		However,	further	investigation	of	the	data	shows	that	the	study	lacks	

true	randomization.	Although	FFP	administration	on	CPB	did	correlate	significantly	

with	 decreased	 bleeding	 post-operatively,	 other	 variables	 such	 as	 age,	 type	 of	

surgery,	XC	time	and	CPB	time	could	not	accurately	and	reliably	be	used	to	determine	

their	effects	on	post-operative	bleeding	and	LOS.	

	 According	to	the	logistics	regression,	FFP	does	decreases	the	possibility	of	the	

patients	 bleeding	 after	 cardiac	 surgery	 and	 the	 data	 shows	 that	 it	 is	 statistically	

significant.	 The	 regression	 also	 shows	 that	 FFP	 decreases	 the	 probability	 of	 the	
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patient	staying	a	shorter	length	of	time	in	the	hospital,	but	the	result	is	not	reliable	

since	it	is	not	statistically	significant.			The	study,	however,	warrants	additional	study	

of	the	effects	of	FFP	on	post-operational	bleeding	after	cardiac	surgery	with	cardio-

pulmonary	bypass.		And	based	on	the	initial	result,	it	would	be	in	the	best	interest	of	

PCH	to	consider	administering	FFP	on	infants	younger	than	6	months	old.	
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