
SEARCH PATTERN 
 
Check indication, hx and priors 

-​ What is the clinical question? 
-​ What were prior PSV and R1 measurements? 

 
Assess adequacy, technique, and limitations 

-​ Relevant anatomy included in the images? 
-​ Color and spectral Doppler images of all major vasculature? 

 
Assess portal veins (MPV, RPV, LPV) 

-​ Grayscale images: 
-​ Vessels normal in size? 

-​ Nml diameter < 13 mm 
-​ Is there echogenic material to suggest occlusive/non-occlusive thrombus? 
-​ Are there collaterals? 

-​ Color doppler 
-​ Are the vessels patent? 
-​ Are there collaterals? 
-​ Is the direction of flow normal (hepatopedal)? 

-​ Spectral Doppler 
-​ Is the velocity at least 40 cm/s 

-​ Nml 16 -40 cm/s 
-​ Is there respiratory variability? 

-​ Flow should be consistently antegrade (above baseline) w gentle 
undulations 

-​ Is there pulsatile flow, as seen in HF or TR? 
-​ Thrombus?? 

-​ Ideal: low scale / PRF, high gain, small color box, low wall filter, appropriate depth 
of focal zone 

-​ Corroborate w power Doppler. 
-​ Correborate w microflow.  
-​ Assess w augmentation 

-​ Hold then release of Valsalva ->blood sent to liver from portal system 
 
Assess the HVs and vena cava (RHV, MHV, LHV, IVC) 

-​ Grayscale 
-​ Vessels visible and normal in caliber? 
-​ Echogenic material to suggest occlusive / nonocclusive thrombus? 
-​ Collaterals? 
-​ Look for variations in IVC anatomy 

-​ Color doppler 



-​ Patent vessels? 
-​ Collaterals? 
-​ Normal hepatofugal flow? 

-​ Spectral doppler 
-​ Respiratory variability? 

 
Assess the hepatic arteries (MHA, RHA, LHA) 

-​ Gray scale 
-​ Assess the anastomotic site 
-​ Look for changes in caliber 
-​ Look for corkscrew appearance (portal HTN) 

-​ Color doppler 
-​ Patent vessels? 
-​ Normal direction of flow? 
-​ Occlusive / non-occlusive thrombus? 

-​ Spectral doppler 
-​ Velocity of these vessels 

 
Assess splenic vein and portal confluence 

-​ Patent vessels 
-​ Normal direction of flow? 
-​ Occlusive / nonocclusive thrombus?  
-​ Look at SMV if possible  

 
Assess other areas of visualized abd 

-​ Collaterals / splenorenal shunts? 
-​ Cavernous transformation of the PV? 
-​ Ascites, collections, pleural effusions 
-​ Look for biliary ductal dilatation and any liver lesions 

 
Assess Aorta size and patency 

-​ Abd aorta < 3 cm diameter 
 
If evaluating TIPS, do the following: 

-​ Gray scale: 
-​ Echogenic material to suggest occlusive / nonocclusive thrombus? 

-​ Color doppler 
-​ Patency? Aliasing? 
-​ Expected change in flow in the portal system. All flow should be TOWARDS the 

TIPS 
-​ Spectral 

-​ Check PSV 2-3 cm prox to the TIPS at the PV. (nml > 30 cm/s 
-​ Check PSV at portal end, mid portion and iVC end of TIPS (nml 90-190 cm/s) 



-​ Look for significant change in velocities compared to prior or in continuous 
segments. 

 
Last checks and proofread 

-​ Did you address the clinical question? 
 



LIVER DOPPLER DISCUSSION 

 

 



 

 

 

 



 
The effect of the size of a vessel on its spectral 
waveform is best understood by considering what 
happens at the interface between a vascular wall and 
the blood flowing past it. The wall exerts a “drag” effect 
on the moving blood, so that the velocity at the 
periphery of the lumen is lower than at the center.  
 
In large vessels, this drag effect is relatively minimal, 
with the majority of blood moving at a similar velocity 
and only a small fraction moving more slowly at the 
periphery. The sample volume is more easily placed in 
this uniformly moving column of blood.  
 
Plug flow is the ultimate large vessel effect, being 
described only in the thoracic aorta. This pattern of flow 
produces a crisp spectral waveform that could be drawn 
with a pencil or marker. In smaller vessels with laminar 
flow, the drag effect is more significant, with a wider 
range of velocities from the center to the periphery; this 
range is often described as having a parabolic 
distribution. 
 
Turbulent flow represents disorganized flow, with 
pockets of flow moving at different velocities 
and in different directions. It represents a normal finding 
at bifurcations and an abnormal finding in the 
immediately poststenotic portion of a diseased vessel. 
 
 

 
Spectral broadening is seen when the waveform is no longer traceable with a pencil or marker. 
In other words, the spectral window starts to fill in. Spectral broadening can be created 
artificially, physiologically (in small vessels), or pathologically. 
 
Artificial broadening is generated by either (a) increasing the size of the sample volume, 
thereby increasing the range of velocities sampled in the parabolic flow distribution; or  
(b) increasing the Doppler gain.  
 
Physiologic spectral broadening occurs in small blood vessels, such as the hepatic or vertebral 
arteries. In general, the smaller the vessel, the more spectral broadening can be expected, 
since a wider range of velocities is sampled from the center to the periphery of the vessel. 
Another cause of physiologic spectral broadening is turbulent flow at bifurcations, such as in the 
carotid arteries. In such cases, the broadened appearance is due to the wide range of velocities 



sampled in the disorganized turbulent flow pattern. Pathologic spectral broadening occurs as a 
result of abnormally compressed (narrowed) vessels, or as a consequence of turbulent flow in 
the poststenotic portion of a diseased vessel. 

 

 
 
 



 
Transducer distal to stenosis -> RI is low bc PSV decreases disproportionately to EDV 
Transducer proximal to stenosis -> RI is high bc EDV decreases more than PSV 

 



Hepatic Artery Waveforms 

 

 

 
RI is not useful for diagnosing cirrhosis or predicting 
its severity.  
 
 
 
 
 
 
 



Hepatic Vein Waveform 
Accept the following: 

-​ HV antegrade flow is AWAY from the liver and transducer and TOWARDS the heart 
-​ The bulk of hepatic venous flow is antegrade 
-​ Although there are moments of retrograde flow, the majority of blood flow must 

be antegrade to get back to the heart. 
-​ As pressure changes in the LV are transmitted to systemic arteries, pressure changes in 

the RA will be transmitted directly to the HVs. 
-​ Imagine yourself inside of the RA.  
-​ This model works for physiologic BF and increased pulsatility states (CHF and 

TR) but not applicable in cases of cirrhosis bc fibrotic parenchyma compresses 
the veins and limits free transmission of RA pressure changes.  

-​ Anything that increases RA pressure will cause wave to slope up 
-​ Atrial contraction toward end diastole, late systolic atrial filling 

against a closed tricuspid valve) will cause the wave to slope 
upward.  

-​ Anything that decreases RA pressure will cause wave to slow down 
downward 

-​ Early systolic atrioventricular septal motion, early diastolic right 
ventricular filling) will cause the wave to slope downward. 

-​  
 
 
 

 



 
In physiologic states, the peak of the a wave is above the baseline, and the a wave is 
wider and taller than the v wave (the other potentially retrograde wave).  
 
Even in pathologic states, the a wave remains wider than the v wave, which represents the best 
way to initially orient oneself on the waveform. The only time this rule breaks down is in cases of 
severe tricuspid regurgitation, when the S wave becomes retrograde and merges with the a and 
v waves to form one large retrograde a-S-v complex. 
 
The S wave corresponds to antegrade hepatic venous flow and is the largest 
downward-pointing wave in the cycle. The lowest point occurs in midsystole and is the 
point at which negative pressure is minimally opposed and antegrade velocity is maximal. After 
this low point, the wave rises again as pressure in the right atrium builds due to ongoing 
systemic venous return. 
 
It should be remembered that if the v wave never rises above the baseline, it cannot be called 
retrograde, since the baseline marks the transition from antegrade to retrograde. 
 
The physiologic flow in the hepatic veins is hepatofugal. The HV waveform is normally phasic 
and predominantly antegrade.  
 
Abnormal hepatic venous flow manifests in several ways: 

-​ Increased pulsatility; when both antegrade and retrograde velocities are increased 
relative to physiologic states creating abnormally tall waves.  

-​ Two Conditions can create this waveform and both are associated w a pulsaatile portal 
venous waveform.  

-​ TR 
-​ RHF 

 



 

 

 
Decreased pulsatility and spectral broadening coexist and represernt the same spectrum of dz/ 
both result form HV compression. It has been shown that inspiration and expiration 
both affect the systolic/diastolic ratio, and 
that the Valsalva maneuver can markedly reduce 
Pulsatility. Once proper technique has been confirmed, 
pathologic causes of nonphasicity may be considered, 



including cirrhosis, hepatic vein thrombosis 
(Budd-Chiari syndrome), hepatic veno-occlusive 
disease, and hepatic venous outflow obstruction. As disease severity 
progresses and the veins become more compressed 
by fibrotic constriction or parenchymal 
edema, they lose their ability to accommodate 
retrograde flow. This is the one case in which 
our model for understanding the hepatic venous 
waveform in terms of right atrial pressure breaks 
down. 
 
A quick and reliable way to grade the severity of decreased phasicity is to visually assess the 
waveform, focusing on how far the a wave drops below the baseline. As long as the a wave 
remains above the baseline, there is normal phasicity; once the a wave goes below the 
baseline, there is at least mildly decreased phasicity, which has been observed in less than 10% 
of healthy patients (1). 
 
Spectral broadening is due to the narrowed caliber of compressed hepatic veins, such as occurs 
in cirrhosis. The hepatic veins are large enough that their waveforms should normally have a 
thin spectral window. 
 

 
Absent hepatic venous flow (venous outflow obstruction) can manifest as incomplete obstruction 
with spectral waveform w decreased phasicity or increased flow velocities and turbulence at the 
level of the stenosis.  
 



Budd chiari syndrome is classified into 1 of 3 types: 
-​ Type 3 / hepatic venoocclusive dz is rare and involves diffuse narrowing at the venule 

level 
-​ Types 1 and 2 are more common and involve obstruction at the level of the hepatic vein 

or vena cava. Usually 2/2 bland thrombus from hypercoagulable state.  
Hepative vein occlusion is much less common than portal vein thrombosis.  
Malignant HV thrombosis is usually from direct invasion from adjacent HCC. RCC, adrenal 
cortical carcinoma or primary iVC leiomyosarcoma can cause it too.  
Both benign and malignant HV thrombosis manifest as gray scale echogenic intraluminal filling 
defect. LIke portal vein thrombosis, tumor classically enlarges the involved hepativ vein howver 
acute bland thrombus can also cause enlargmenet.  
 
The characteristic color Doppler US finding 
in Budd-Chiari syndrome is bicolored, curving 
hepatic venous collateral vessels. The two colors 
are generated by the different drainage pathways 
in these collateral vessels, since they transmit 
blood to any other patent vein, whether systemic 
or portal. Potential systemic drainage pathways 
are intrahepatic (ie, to other hepatic veins, or to 
the caudate lobe, which usually has its own hepatic 
venous drainage to the IVC) or extrahepatic 
(ie, to subcapsular draining veins) (24,25). If 
there is a malignant thrombus, intratumoral color 
signals may be appreciated. Spectral Doppler 
US of bland thrombus will show no appreciable waveform other than noise; however, as in 
malignant 
portal vein thrombosis, arterial waveforms 
may be seen in tumor thrombus. Recent research 
indicates that contrast material–enhanced US 
may offer a diagnostic advantage in the detection 
of malignant hepatic and portal vein thrombosis 
compared with conventional gray-scale, color 
Doppler, and spectral Doppler US. 
 

 



PORTAL VEINS 
2 rules 

-​ Physiologic flow should always be antegrade, toward transducer, creating waveform 
above baseline.  

-​ Hepatic venous pulsatility is partially transmitted to PVs through the hepatic sinusoids, 
which accounts for cardiac variability in the waveform. 

 
FLow velocity is relatively low (16 - 40 cm/sec) compared to hepatic artery. The normal portal 
venous waveform should gently undulate and always remain above the baseline. 
 
The primary influence on variation in portal venous pressure is atrial contraction, which occurs 
at end diastole. Atrial contraction, toward end diastole, transmits back pressure, first through the 
hepatic veins, then to the hepatic sinusoids, and ultimately to the portal circulation, where 
forward portal venous flow (velocity) is consequently decreased (the trough). 
 
 

 
The degree of undulation is highly variable but may be quantified with a PI (Fig 24). It is 
important to note that the PI calculation for the portal vein is different from that for 
the hepatic arteries (arterial PI = (V1–V2)/Vmean). In the portal veins, the PI is calculated as 
V2/V1, with V1 normally being greater than 0.5. Another point worth emphasizing is that lower 
calculated PIs correspond to higher pulsatility. 
 
Physiologic portal venous flow has been described in many different ways. With regard to 
flow direction, the terms antegrade and hepatopetal are synonymous in this vessel. In practice, 
the portal vein is the only vessel in which the terms hepatopetal (physiologic) or hepatofugal 
(pathologic) are used to describe flow direction. 
 



 
 



 

 
 

Abnormal portal venous flow manifests 2/2 one of the following: 
-​ Increased pulsatility 

-​ Pulsatile is reserved for describing pathologic flow in portal veins. Pulsatile portal 
venous flow occurs when there is a large difference b/n flow velocity at peak 
systole and at end diastole.  

-​ Remember that the hepatic sinusoids connect the portal veins with the hepatic 
arteries and veins. In the normal state, the arteries do not contribute significantly 
to pulsatility, whereas the hepatic veins contribute as described earlier.  

-​ Anything that abnormally transmits pressure to the sinusoids will result in a 
pulsatile portal venous waveform.  

-​ On the hepatic venous side, tricuspid regurgitation and right-sided CHF 
transmit pressure and increase pulsatility.  

-​ On the arterial side, arteriovenous shunting (as seen in severe cirrhosis) 
or arteriovenous fistulas (as seen in hereditary hemorrhagic 
telangiectasia) may have this effect 

-​ Slow portal venous flow 
-​ Abnormally slow flow occurs when back pressure limits forward velocity. Slow 

flow is diagnostic for portal hypertension, which is diagnosed when peak velocity 
is less than 16 cm/sec (Table 9).  

-​ Portal hypertension is caused by cirrhosis in the vast majority of cases. The most 
specific findings for portal hypertension are development of portosystemic shunts 
(eg, a recanalized umbilical vein) and slow or reversed (hepatofugal) flow. 
Splenomegaly and ascites are nonspecific and may be seen in other pathologic 
conditions. 

-​ Cause categories: 
-​ Prehepatic (eg, portal vein thrombosis) 
-​ Intrahepatic (eg, cirrhosis from any cause) 



-​ Posthepatic (right-sided heart failure, tricuspid regurgitation, Budd-Chiari 
syndrome)  

-​ Hepatofugal / retrograde flow 
-​ Back pressure exceeds forward pressure, with flow subsequently reversing 

direction. This results in a waveform that is below the baseline. As with slow flow, 
this finding is diagnostic for portal hypertension from whatever cause. 

-​ Absent portal venous flow 
-​ Absent flow in the portal vein may be due to stagnant flow (portal hypertension) 

or occlusive disease, usually caused by bland or malignant thrombosis. Although 
absent portal venous flow is the sine qua non of occlusive portal vein thrombosis, 
it must be remembered that intraluminal filling defects may also be nonocclusive 
if they fail to occupy the entire lumen. 

-​ In such cases, there will be some degree of flow, which may be increased at the 
stenosis, turbulent immediately beyond the stenosis, or decreased farther 
downstream in the poststenotic portion of the vessel. not all cases of absent flow 
represent occlusive disease. In severe portal hypertension, there is a period of 
time during the disease course when flow is neither hepatopetal nor hepatofugal, 
but stagnant. This results in absent portal venous flow (appreciable at Doppler 
US) and puts the patient at increased risk for portal vein thrombosis. 

 

 
The most reliable distinguishing gray-scale US feature of malignant thrombus is the combination 
of an echogenic filling defect with an adjacent liver mass. 
As mentioned earlier, in occlusive thrombosis, 



color Doppler US will demonstrate absent flow. 
As expected, there will be no normal portal venous 
waveform in the spectral Doppler portion 
of the examination. In some cases of malignant 
thrombosis, there may be color signals within the 
thrombus; this finding has been referred to as the 
“thread and streak sign” at both CT angiography 
and color Doppler US (29). When sampled for 
spectral evaluation, these color signals show arterial 
(pulsatile) waveforms, which is a specific sign 
of tumor thrombus (Fig 29) (26). Another feature 
of occlusive portal vein thrombosis (especially the 
nonacute variety) is the development of collateral vessels in or around the occluded portal vein; 
this 
condition is referred to as cavernous transformation 
(30). Cavernous transformation tends to be 
a marker for bland thrombus, since these collateral 
vessels usually take a long time (months to 
years) to develop, and when patients have tumor 
thrombus, they usually do not live long enough 
for this development to occur. Nonetheless, cavernous 
transformation has been documented as 
occurring within a matter of weeks in occlusive 
malignant portal vein thrombosis 
 

 



TIPS 
Indications:  

-​ Treatment of severe portal hypertension with refractory variceal bleeding or ascites 
-​ Hepatorenal syndrome 
-​ Hepatic hydrothorax  
-​ Hepatic vein occlusion 

The shunt is a relatively low resistance pathway compared w native vasculature which has 
pathologically high resistance 2/2 cirrhosis compression of small vessels. Blood preferentially 
flows into the newly placed low-resistance shunt in approximately two-thirds of patients (41).  
 
In terms of anatomy, the cephalic end of the shunt is most commonly located immediately to the 
connection of the right hepatic vein with the IVC, and the caudal end is located in the right portal 
vein.  
 
However, the cephalic portion may connect with a variable length, or segment, of the right 
hepatic vein between the shunt and the IVC. Alternatively, the shunt may connect the left 
hepatic and left portal veins. 
 
Standard TIPS examination involves searching for direct and indirect evidence of failure.  

-​ Direct evidence is obtained by imaging the consequences of failure at the site of 
disease, which may be within the shunt (cephalic, middle, or caudal portion) or in any 
hepatic vein segment between the cephalic portion and the IVC.  

-​ On the other hand, indirect evidence of failure is obtained by imaging the consequences 
of failure in other vessels, such as the main, right, or left portal vein. 

 
Therefore, a standard TIPS examination is used to sample  

-​ The three parts of the shunt 
-​ Any intervening hepatic vein segment 
-​ The main, right, and left portal veins. 



 
 
Must also compare velocities and flow directions to those from prior exams.  

-​ First baseline: perform w/n 1 week of initial placement for Wallstents (Boston Scientific, 
Natick, Mass) and 1 month after initial placement for covered stents. 

-​ The reason why the baseline examination for covered stents is performed 1 
month after stent placement is because the polytetrafluoroethylene graft lining 
contains a small amount of air, which eventually reabsorbs but also generates US 
artifact soon after placement. Because baseline and prior surveillance 
examinations are always required for comparison, records must be safely stored 
and immediately accessible 

-​ Surveillance schedules consist of exams 3 months after baseline with additional exams 
every 6 months thereafter.  

-​ Shunt malfunction is the result of narrowing or occlusion caused by intimal hyperplasia 
or in situ thrombosis.  

-​ Stenosis, or occlusion, can occur anywhere within the stent; however, it most 
commonly occurs in the cephalic portion. Stenosis may occur in the variable 
length of hepatic vein between the stent and the IVC.  

-​ Occlusion is the easiest type of failure to detect, since it manifests as absent flow 
at color Doppler US and has an aphasic spectral waveform (Fig 33a).  

-​ If the type of disease is nonocclusive (ie, stenosis), signs of stenosis indicate TIPS 
malfunction. 

-​ Abnormally high (>190 cm/sec) or low (<90 cm/sec) velocity within the shunt 
-​ Abnormal change in velocity (increase or decrease >50 cm/sec) compared with 

the prior examination. 
-​ Intrahepatic portal venous flow previously hepatofugal now hepatopetal flow  
-​ Low velocity (<30 cm/sec) in the main portal vein, or the development or 

recurrence of collateral vessels such as a recanalized umbilical vein, also 
suggest failure.  

-​ Evidence of failure at gray-scale US includes new, recurrent, or worsening 
ascites. 



-​  
-​  

 



 

 
 
 
 
 
 
 
 

 



Pathology 

Portal vein thrombosis 
Portal Vein Occlusion 
 

 

 

https://app.statdx.com/document/portal-vein-occlusion/cf772e30-bf28-41e2-944b-d20897d895eb?term=portal%20vein%20thrombosis&searchType=documents&category=All
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