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Virchow’s	
Triad	(1856)	

Rudolf	Virchow	
1821	-	1902	
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DVT	&	
Pulmonary		

Emboli	



My	IniMal		
Interest:	

UAO	and	UAE	
Fibroid	Rx	

and	this	graph:	



T2-weighted	=	Water	



T1-weighted	=	Clot	(Methemoglobin)	



Gd-enhanced	T1-weighted	=	Perfusion	



Following	UAE,	many	had	low	perfusion;	Some,	NONE	

deSouza	NM,	Williams	AD.	Uterine	arterial	embolizaMon	for	leiomyomas:	Perfusion	and		
volume	changes	at	MR	imaging	and	relaMon	to	clinical	outcome.	Radiology.	2002;	222:367-374.	



Uterine	Blood	Vessels	
before,	during,	

and	aber	
pregnancy	

Most	materials	
from	this	lecture	
come	from	this	
FREE	(pdf)	text	

book	
www.saltcreekfounda4on.org/educa4on.php	



Me,	my	wife	and	Drs.	Keith	and	Karoshi	in	London	



Virchow’s	
Clot-formaMon		

Triad	

Rudolf	Virchow	
1821	-	1902	

3.	Stasis	=	ContracMons	(Rx:	Drugs,	Massage,	Balloons,	SucMon	Direct	arterial	inflow	control)	

2.	Vessel	wall	injury	=	Placental	SeparaMon	(Rx:	AcMve	Mgt	–	TracMon)	

1.	Hypercoagulability	=	Pregnant	Blood	(Rx:	Tranexamic	acid,	blocks	plasmin	&	-gen)	

=	Blood	Clot	

analog	aa	lysine	



1(									)	+	2(									)	+	3(					)		
	=	Global	Uterine	
Intravascular	Clot		

FormaMon	

Increased	
CoagulaMon	
Proteins	

	

Vascular		
Injury	

	

I	am	going	to	propose	that:	

Stasis	
	



Pregnancy	
	

Uterine	
Blood	Vessels	and	
Cardiac	Output	



Uterus	has	two	arterial	and	two	venous	systems	

Uterine	artery	

Uterus	is	two	organs:	
	

Old	-	Endometrium	
&	JuncMonal	Zone	

	
And	

		
New	-	Outer	Myometrium	



Sampson	JA.	The	blood	supply	of	uterine	myomata.		
Surg	Gynecol	Obstet.	1912;	14:	215-234	

Uterine	Veins	have	NO	Valves	Spirals	become	UPs	
(which	have	no	muscles)	

The	Non-pregnant	Uterus		
is	a	very	Vascular	Organ	(PG	10X	more)	

to	RA	to	RA	



The	Uterus	is	a	very	Vascular	Organ	
Contrast-Enhanced	MRI	

	

Movie	



100	ml/min	to	1000	ml/min	or	10	%	cardiac	output	



Tiny	spiral	arterioles	become		
Large	uteroplacental	arteries	



Uterine	artery	



Baby’s	first	organ:		
The	Placenta	

Trophoblasts	=	Placenta	

Inner	Cell	Mass	=	Baby	



20%	Surface	Area	of	the	Uterus	
200	non-muscular	uteroplacental	arteries	

Weeks	



Site	of	Vessel	Injury	
200	UP	arteries	

10%	Cardiac	Output	
1000	ml/min	

20%	Surface	Area	



1.	Pregnancy	-		
Cloung	&	
Fibrinolysis	
Proteins	





FibrinopepMde	A	

Cloung	
Factors		

LyMc	
Factors		

≈3x	

≈3x	

FibrinopepMde	B	beta	

Hellgren	M.	Hemostasis	during	normal	pregnancy	and	puerperium.	Semin	Thromb	Hemost.	2003	Apr;	29(2):125-30.	

Mutoh	S,	Teh	A,	Saito	M,	Maki	M,	Abe	T,	and	Ohno	Y.	Studies	of	fibrinopepMde	A,	fibrinopepMde	B	beta	15-42	HMW-kininogen	and	kinin	during	
normal	pregnancy	labor	and	puerperium.	Adv	Exp	Med	Biol.	1986;	198	Pt	B41-4.	



The	Cloung	–	Lysis	System	
Changes	during	Pregnancy	

Stroke	
Renal	Failure	
Liver	Failure	
Leg	Vein	Clot	

PE	



Explosion	of	clot	formaMon		
Followed	by	fibrinolysis	

at	Mme	of		
Labor	and	Delivery	

Baby	delivery	sort	of	a	big	thing.		The	big	thing:	



Labor	&	Delivery:	First	Cloung,	then	Lysis	

Cloung	

Lysis	

Gerbasi	FR,	Bo@oms	S,	Farag	A,	and	Mammen	EF.	Changes	in	hemostasis	acMvity	during	delivery	and	the	immediate	postpartum	period.	Am	J	
Obstet	Gynecol.	1990	May;	162(5):1158-63.	
	



2.	Placental		
SeparaMon	
=	Injury	



If	No	Placental	Invasion,	Easy	
SeparaMon	at	Nitabuch’s	Layer	

Ideal	

Not	so	Ideal	

Myometrium	

Decidua	



Why	Don’t	All	Women	Bleed	to	Death?	



3.	PP	ContracMons	
Stop	/	Slow	Blood		

Flow	



Uterine	Artery	Blood	Flow	Decreases		
With	Each	ContracMon	

Intra-	
uterine	
pressure	

	UA	Blood		
Flow	



Masuzawa	Y	and	Yaeko	K.	Uterine	acMvity	during	the	two	hours	aber	placental	delivery	among	low-risk	pregnancies	an	observaMonal	
study.	J	Matern	Fetal	Neonatal	Med.	2016	Nov	22;	1-6.	

Uterine	ContracMons	ConMnue	
Aber	Delivery:	

	
Second	Stage	Labor		 	 	 	 	 	 	1.9	±	0.3	min		
Third	Stage	Labor		 	 	 	 	 	 	2.4	±	0.9	min	
	
	
1st		Hour	Post	Placental	Delivery		 	4.2	±	0.7	min		
2nd	Hour	Post	Placental	Delivery			 	7.9	±	2.1	min		



The	Whole	Uterus	
(and	draining	veins)	Clot!	



*Khalil	H,	Avruch	L,	Olivier	A,	et	al.	The	natural	history	of	pelvic	vein	thrombosis	on	magneMc	resonance	venography	aber	vaginal	delivery.		
Am	J	Obstet	Gynecol.	2012;	206(4):	356	e1-4	

Khalil,	et	al	“…idenMfied	a	high	prevalence	of	definite	
pelvic	vein	intraluminal	filling	defects	[=	clot]	…	[which]	

may	be	a	normal	finding”	in	67%	of	vaginal	births.		

Editorial:	James	AH.	The	natural	history	of	pelvic	vein	thrombosis	the	natural	history	of	involuMon?	Am	J	Obstet	Gynecol.	2012	Apr;	206(4):	276-7.	



1(									)	+	2(								)	+	3(						)		
	=	Global	Uterine	
Intravascular	Clot		

FormaMon	

Increased		
CoagulaMon	
Proteins	

	

Vascular		
Injury	

	

Stasis	
	



Fundus	

Cervix	

Methemoglobin	is	a	form	of	the	
oxygen-carrying	metalloprotein	
hemoglobin,	in	which	the	iron	in	
the	heme	group	is	in	the	Fe3+	
(ferric)	state,	not	the	Fe2+	
(ferrous)	of	normal	hemoglobin.		
	
Methemoglobin	is	paramagne4c	
because	of	5	unpaired	electrons	in	
Fe3+,	rendering	it	bright	on	T1	
weighted	images,	comparable	to		
gadolinium,	an	MR	contrast	agent.	

Methemoglobin	Maps	

Clot	in	Cervical	Canal	and	Body	of	Uterus	

T1	weighted	image/	C-	



EnMre	Myometrium	Clots	then	Lyses	

5	Hours	PP	

Fundus	

Cervix	

T1	weighted	image/	C+	 T1	weighted	image/	C+	



PPH	
Treatments	



Virchow’s	
Clot-formaMon		

Triad	

Rudolf	Virchow	
1821	-	1902	

3.	Stasis	=	ContracMons	(Rx:	Drugs,	Massage,	Balloons,	Direct	arterial	inflow	control)	

2.	Vessel	wall	injury	=	Placental	SeparaMon	(Rx:	AcMve	Mgt	–	TracMon)	

1.	Hypercoagulability	=	Pregnant	Blood	(Rx:	Tranexamic	acid,	synth	aa,	X	plmgen)	

=	Blood	Clot	



Uterine	artery	

X	
Li@le	or	No	
Blood	Flow	
Uterus	



DefiniMve	Treatments:			
Stop	blood	flow	Uterine	Arteries	

	
	

Surgical	LigaMon	of	the	Uterine	Arteries	
	

Catheter-directed	Uterine	Artery	EmbolizaMon	
	

Doppler-directed	Uterine	Artery	Clamps	



V	

Doppler	Crystal	

Cervix	Os	

Lateral	Sulci	@	
3:00	and	9:00	

Arterial	Clamp	



The	End	


