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a b s t r a c t 

Nodular regenerative hyperplasia (NRH) of the liver may lead to noncirrhotic portal hyper- 

tension with subsequent development of portosystemic shunts. While extrahepatic and 

macrovascular shunts are readily visualized with imaging or endoscopy, there is no stan- 

dard technique to detect intrahepatic microvascular portosystemic shunting and quanti- 

tatively assess shunt burden. We present a case of a 53-year-old female with suspected 

NRH and hepatopulmonary syndrome with inconclusive liver biopsies and absent portosys- 

temic shunts per abdominal imaging. A percutaneous transportal infusion of Technetium- 

99m labeled macroaggregated albumin (99mTc-MAA) successfully identified intrahepatic 

microvascular portosystemic shunting and quantified a lung shunt fraction of more than 

30%. NRH was subsequently confirmed with a surgical wedge biopsy and the patient was 

successfuly treated with a liver transplant. Transportal 99mTc-MAA could be used to both 

identify and quantify otherwise occult microvascular portosystemic shunts in patients with 

clinical sequelae of portal hypertension. 

© 2021 Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Nodular regenerative hyperplasia (NRH) is a non-neoplastic
disorder that arises as a response to alterations in hepatic
blood flow, such as obstructive portal venopathy or systemic
arteritis [1] . Histologically, NRH is characterized by diffuse
nodules consisting of intermixed hyperplastic and atrophic
hepatocytes with minimal or absent fibrosis [1] . NRH rep-
resents a diagnostic challenge as laboratory abnormalities
are nonspecific, and histopathological confirmation is con-
founded by heterogeneous tissue involvement which may
generate a false negative biopsy. 

Although commonly asymptomatic, NRH may lead to non-
cirrhotic portal hypertension and acquired portosystemic
shunting which may manifest as encephalopathy, hepatopul-
monary syndrome (HPS), portopulmonary hypertension, and
nephropathy [2] . The degree of shunting is conventionally as-
certained with qualitative measures, as there is no accepted
study to quantitatively assess shunt burden. 

This report will present a patient with suspected NRH
and symptomatic evidence of HPS in whom intrahepatic mi-
crovascular portosystemic shunting was identified and quan-
tified using a transportal Technetium-99m labeled macroag-
gregated albumin (99mTc-MAA) infusion. Marked radiotracer
deposition was detected in the lungs, supporting the clinically
evident hepatopulmonary pathophysiology. NRH was subse-
quently confirmed with a surgical wedge biopsy and reso-
lution of symptoms was achieved after treatment with liver
transplantation (LT). 

Case report 

A 53-year-old woman presented with progressive shortness
of breath, exertional dyspnea, and a nonproductive cough
which eventually required supplemental oxygen. Her past
medical history included congenital asplenia, nephrolithiasis,
a cholecystectomy, and chronic anemia with elevated mono-
cyte and lymphocyte counts. Laboratory tests revealed a mild
transaminitis and alkaline phosphatase elevation. Autoanti-
body positivity was noted for antinuclear and anticentromere
IgG antibodies yet were negative for double-stranded DNA, an-
timitochondrial, and smooth muscle antibodies. Viral hepati-
tis testing was negative. A contrast-enhanced computed to-
mogram demonstrated a nodular liver without portosystemic
shunts. A transjugular liver biopsy with wedged portal pres-
sure demonstrated prominent sinusoidal lymphocytosis, si-
nusoidal dilation, focal periportal fibrosis without cirrhosis,
and an estimated portosystemic gradient of 10 mm Hg. These
findings were suggestive but not diagnostic for NRH, as the
characteristic parenchymal nodularity was not visualized. 

Contrast echocardiography with agitated saline suggested
intrapulmonary shunting without structural disease. A 6-
minute walk test resulted in an oxygen desaturation from
93% at rest on room air to 87%. Pulmonary function tests and
a ventilation perfusion scan were normal. A reduced diffu-
sion capacity (40%-60%) suggested the presence of pulmonary
parenchymal or vascular disease. 
Portosystemic shunting was suspected as the cause of
the apparent hepatopulmonary physiology. Given the ab-
sence of portal venous shunts per contrast-enhanced com-
puted tomography, percutaneous hepatic and portal venog-
raphy was performed. This confirmed the absence of extra-
hepatic shunts, but direct portal and hepatic venous pressure
assessment revealed more severe portal hypertension with a
gradient of 16 mm Hg. An additional percutaneous core needle
biopsy obtained at the time of portal venography was incon-
clusive. 

To search for the presence of intrahepatic microvascular
portosystemic shunts, transportal administration of 4.4 mCi
99mTc-MAA (DRAXIMAGE MAA, Jubilant Radiopharma, Yard-
ley, PA) was performed via the main portal vein. The patient
was transferred to nuclear medicine where planar scintigra-
phy was obtained using a gamma camera ( Fig. 1 ). Regions of
interest (ROI) were drawn for both liver and lungs in ante-
rior and posterior projections. The lung shunt fraction (LSF)
was calculated using the following equation: LSF = (Total
lung count)/(Total lung count + total abdomen count) × 100.
The LSF from anterior and posterior projections demonstrated
shunting of 30.3% and 37.3%, respectively. 

As a result of these findings, the patient underwent a sur-
gical wedge biopsy which confirmed the diagnosis of NRH.
She was listed for LT secondary to advanced HPS. Prior to
LT 7 months after her diagnosis, the patient had also de-
veloped portopulmonary hypertension, an additional com-
plication of portosystemic shunting, which required tempo-
rary management with both ambrisentan and sildenafil in
the post-transplant setting. Explant liver tissue analysis with
a reticulin stain demonstrated the classical findings of NRH
( Fig. 2 ). The patient had clinical improvement with resolution
of respiratory symptoms 2 months after transplant and even-
tually discontinued medical treatment for pulmonary hyper-
tension. At last follow-up, 25 months after LT, normal liver and
pulmonary function was documented. 

Discussion 

Portosystemic shunts are aberrant vascular communications
between the portal venous system and lower-pressure sys-
temic veins. As blood bypasses the liver, neurotoxins and va-
soactive substances travel to the brain and lung, and predis-
pose the patient to the development of hepatic encephalopa-
thy, HPS, and portopulmonary hypertension [3] . 

Extrahepatic and macrovascular portosystemic shunts (eg,
paraumbilical, splenorenal, mesenteric, and gastroesophageal
varices) are readily detected with imaging modalities such
as Doppler ultrasonography, computed tomography, magnetic
resonance imaging, and endoscopy [4] . There is no standard
test for the detection of intrahepatic microvascular shunts,
which are occult to imaging studies, and may not be evident
on biopsy as in the present case. 

The radiotracer 99mTc-MAA has been historically utilized
for lung perfusion scans to characterize regional circulation
and assess for right to left shunts [5] . While 99mTc-MAA
has been previously utilized as a peripheral IV infusion to
detect intrapulmonary shunting in patients with HPS [6] , to
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Fig. 1 – Anterior and posterior planar scintigraphy demonstrating radiotracer activity within pulmonary (ROI A and D = Left 
lung, B and E = Right lung) and hepatic parenchyma (ROI C = liver). Note the high intensity of pulmonary activity relative to 

the liver. 

Fig. 2 – Histopathological analysis of explant tissue confirmed NRH. Reticulin stain demonstrates the presence of 
parenchymal nodularity (arrows) in the absence of cirrhosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

our knowledge, it has not been used to detect intrahepatic
veno-venous portosystemic shunts. Intra-arterial injection of
99mTc-MAA has become a widely adopted and well-tolerated
method for planning locoregional therapies in patients with
intrahepatic malignancies [7] . This technique is used to visu-
alize radiotracer deposition as a surrogate for Yttrium-90 mi-
cropsheres and calculate the estimated arteriovenous LSF to
prevent radiation pneumonitis [8] . 

Administration of 99mTc-MAA via the portal vein has been
performed previously, as pre-procedural mapping for a pa-
tient that underwent transportal radioembolization as salvage
therapy for hepatocellular carcinoma [9] . The infusion was
conducted safely and revealed radiotracer deposition confined
to the liver, with a portosystemic LSF of 3% in this particular
patient [9] . 

In the presented case, intrahepatic microvascular shunts
arose in the context of portal hypertension from NRH. By al-
lowing visualization of portosystemic shunting, transportal
infusion of 99mTc-MAA provided evidence to support an oth-
erwise occult intrahepatic origin of HPS and eventually porto-
pulmonary hypertension. Utilization of this technique may
both identify and quantify occult intrahepatic portosystemic
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shunts in patients with other related sequelae, such as hep-
atic encephalopathy, and provide an objective measure of dis-
ease burden. Transportal 99mTc-MAA scintigraphy could as-
sist in the diagnosis of patients with suspected intrahepatic
portosystemic shunting and an otherwise negative work-up. 

Furthermore, transportal administration of 99mTc-MAA
could be utilized to characterize both macro- and microvas-
cular shunts in patients undergoing evaluation for LT. Mea-
surement of portosystemic shunt fractions may conceptually
contribute a quantifiable selection metric in patients with se-
quelae of portal hypertension, such as encephalopathy or HPS.
Limitations to this report include the lack of normal portosys-
temic LSF comparisons outside of the previous case report and
the absence of shunt vessel caliber characterization relative
the the MAA particles used in this case, which could effect
LSF. Further studies should be performed to provide norma-
tive data for intrahepatic portosystemic shunt fractions and
efforts to optimize 99mTc-MAA particle sizes for this indica-
tion. 

Informed consent 

Informed consent was obtained from the patient. 
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