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a b s t r a c t 

Extramedullary hematopoiesis (EH) refers to hemopoiesis that occurs outside of the bone 

marrow and can be physiologic or pathologic in nature. Common sites of EH include the 

liver, spleen, and paravertebral soft tissues. Less commonly, EH can occur in the kidneys, 

pleura, paranasal sinuses, and various other organs. In this report, we describe two cases of 

EH with abnormal presentations on imaging. The first case discusses a 72-year-old female 

with a history of chronic myelogenous leukemia complicated by myelofibrosis. Outpatient 

computed tomography (CT) of the abdomen and pelvis obtained for symptoms of hema- 

turia demonstrated infiltration of the pericalyceal system by ill-defined soft tissue attenu- 

ating material. A well-circumscribed hypoattenuating splenic mass and enlarged retroperi- 

toneal lymph nodes were also identified. CT-guided biopsy of an enlarged left para-aortic 

lymph node was ultimately performed which demonstrated abundant EH. The second case 

involves a 21-year-old female with a history of sickle cell anemia who originally presented to 

the emergency department with worsening chest and back pain. A CT of the abdomen was 

ultimately obtained which revealed multiple hypoattenuating splenic masses, a focal hy- 

poattenuating liver lesion, mild hepatomegaly, and prominent retroperitoneal lymph nodes. 

Subsequent MRI revealed innumerable well-circumscribed intrahepatic lesions that were 

not readily apparent on the previous CT which demonstrated increased signal intensity on 

T1- and T2-weighted images. Ultrasound-guided biopsy of one of the splenic masses was 

ultimately performed, which revealed abundant EH. 
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the liver, spleen, and paravertebral soft tissues [1] . However,
cases of EH in various other organs have been reported, in-
cluding the kidneys, paranasal sinuses, dura, gastrointestinal
tract, and adrenal glands [9] . The exact mechanism of EH is
not entirely understood although it is generally thought to be
reactive to decreased or abnormal blood cell production in the
bone marrow [9] . Diseases commonly associated with EH in-
clude myelofibrosis and leukemia. In addition, EH can often be
seen in various hemoglobinopathies such as beta thalassemia
and, less commonly, sickle cell anemia [9] . 

On imaging, common presentations of EH in the ab-
domen include diffuse hepatomegaly, diffuse splenomegaly,
and prominent retroperitoneal lymph nodes [1] . Rarely, EH
may present as mass-like lesions in the liver, spleen, and kid-
neys [1] . In this report, we discuss two cases of EH with abnor-
mal patterns of organ involvement on imaging. 

Case report 

Case 1 

A 21-year-old female with a history of sickle cell anemia pre-
sented to the emergency department with tachycardia, chest
pain, and shortness of breath with ambulation which had
started 1 day prior. An EKG obtained in the emergency de-
partment showed a heart rate of 97 beats per minute but
was otherwise unremarkable. Labs obtained at that time
demonstrated a decreased hemoglobin of 8.5 gm/dL, an ele-
vated absolute reticulocyte count of greater than 720 K/mcl,
an elevated total bilirubin of 9.8 mg/dL, and an elevated lactate
dehydrogenase of 509 units/liter. Considering the patient’s
history of sickle cell anemia, the findings were consistent with
an acute sickle cell flare. An elevated D-dimer of 1,038 ng/mL
was present at that time, and a computed tomography (CT)
angiogram of the chest was subsequently performed in or-
der to rule out pulmonary embolism as a cause of the pa-
tient’s symptoms. The CT angiogram of the chest did not re-
veal any evidence of pulmonary emboli but did demonstrate
multiple hypoattenuating lesions throughout the spleen. CT
of the abdomen and pelvis with contrast was subsequently
obtained, which demonstrated mild diffuse hepatomegaly as
well as a well-circumscribed hypoattenuating lesion within
the left lobe of the liver measuring up to 1.9 cm. Multiple well-
circumscribed hypoattenuating lesions, measuring up to 2.8
cm, were also identified throughout the spleen with no evi-
dence of splenomegaly. Multiple prominent perisplenic lymph
nodes were also present at the time of the exam ( Fig. 1 ). Mag-
netic resonance imaging (MRI) of the abdomen with contrast
obtained for further evaluation demonstrated innumerable
hepatic lesions measuring up to 1.8 cm, the majority of which
were not apparent on the previous CT. These lesions had in-
creased signal intensity on both T1- and T2-weighted images
and exhibited early arterial enhancement that persisted on
delayed images. Multiple splenic lesions measuring up to 3.1
cm were present throughout the spleen with similar imaging
characteristics ( Fig. 2 ). Ultrasound-guided biopsy of one of the
splenic lesions was ultimately performed. Preliminary ultra-
sound obtained prior to the procedure demonstrated a well-
circumscribed hypoechoic mass measuring up to 2.5 cm with-
out significant internal vascularity on color Doppler ( Fig. 3 ).
Histological analysis of the obtained tissue samples demon-
strated abundant EH, multiple Gamna-Gandy bodies, and ar-
eas of fibrosis consistent with chronic infarcts. No findings
suggestive of malignancy were identified. Of note, none of the
previously described hepatic lesions could be identified on ul-
trasound at the time of the procedure or on a previous abdom-
inal ultrasound obtained 10 days prior. 

Case 2 

A 72-year-old female with a history of chronic myelogenous
leukemia, complicated by chronic anemia, as well as a remote
history of breast cancer presented to the radiology depart-
ment on an outpatient basis with a chief complaint of hema-
turia and recurrent urinary tract infections. No recent labs had
been recorded in the electronic health record at the time of
the exam. A CT of the abdomen and pelvis without contrast
demonstrated ill-defined soft tissue material surrounding the
calyceal systems of both kidneys. Multiple well-defined soft
tissue attenuating masses, measuring up to 2.8 cm and sur-
rounding the calyceal system of the lower pole of the left kid-
ney, were also identified ( Fig. 4 ). An enlarged left para-aortic
lymph node, measuring up to 1.4 cm in short axis, as well
as innumerable non-enlarged retroperitoneal lymph nodes
were also present ( Fig. 5 ). Cystoscopy and left ureteroscopy
were subsequently performed due to concern for underlying
urothelial malignancy, but these demonstrated no evidence of
urothelial neoplasm. A subsequent CT urogram showed that
the renal lesions demonstrated mild contrast enhancement
during nephrogenic phase that persisted on delayed phase im-
ages ( Fig. 4 ). Multiple hypoattenuating splenic lesions, mea-
suring up to 2.1 cm, were also identified with persistent con-
trast enhancement on delayed images ( Fig. 6 ). Of note, these
lesions were not discernable on the previous CT, likely due
to the lack of intravenous contrast. The patient ultimately
underwent CT-guided biopsy of an enlarged left para-aortic
lymph node. Histological analysis of the obtained tissue sam-
ples demonstrated abundant EH without any evidence of un-
derlying malignancy. 

Discussion 

In the presented cases, we described two cases of EH with ab-
normal presentations on imaging. 

The first case involved a 21-year-old female with sickle cell
anemia with multiple discrete splenic and hepatic masses, fa-
vored to represent areas of EH. Although cases of EH are com-
monly found in patients with various hemoglobinopathies, it
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Fig. 1 – A 21 year-old female with a history of sickle cell anemia. CT of the abdomen and pelvis obtained during portal 
venous phase after administration of 100 cc of intravenous Omnipaque 350 contrast (WW:350, WL:40). There are multiple 
well-circumscribed hypoattenuating lesions throughout the spleen measuring up to 2.8 cm with an average attenuation of 
74.3 HU (red arrow). A hypoattenuating liver lesion is also present measuring up to 1.5 cm with an average attenuation of 
84.1 HU (blue arrow). Mild hepatomegaly and multiple prominent perisplenic lymph nodes measuring up to 0.7 cm in short 
axis were also identified on this exam. 

Fig. 2 – A 21 year-old female with sickle cell anemia. MRI of the abdomen with and without administration of 14 cc of 
intravenous Clariscan contrast. (A) Axial T2 single shot fast-spin echo sequence with fat suppression (TR = 1041.24, 
TE = 118.72). (B) Axial LAVA-Flex sequence without contrast (TR = 6.968, TE = 3.368). (C) Axial LAVA-Flex sequence with 

contrast arterial phase (TR = 6.968, TE = 3.368). (D) Axial LAVA-Flex sequence with contrast portal venous phase 
(TR = 6.968, TE = 3.368). (E) Axial LAVA-Flex sequence with contrast delayed phase (TR = 6.968, TE = 3.368). Multiple 
well-circumscribed liver lesions measuring up to 1.8 cm are identified with increased signal intensity on T1 and T2 
weighted images (red arrows). These lesions exhibit mild contrast enhancement on arterial phase which persists on 

delayed phase images. Multiple splenic lesions measuring up to 2.8 cm are also present with similar characteristics (blue 
arrows). Multiple prominent perisplenic lymph nodes measuring up to 0.7 cm were also redemonstrated on the exam. 
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Fig. 3 – A 21 year-old female with a history of sickle cell anemia. Images obtained during ultrasound guided biopsy. A 2.5 
cm well-circumscribed hypoechoic lesion is present within the spleen (red arrow). There is no significant vascularity 

detected within this lesion on color flow Doppler. Histological analysis of tissue samples obtained demonstrated abundant 
extramedullary hematopoiesis. 

Fig. 4 – A 72 year-old female with chronic myelogenous leukemia complicated by myelofibrosis. (A) CT without contrast 
enhancement (WW:350, WL:40). (B) CT obtained during nephrogenic phase after administration of 75 cc of intravenous 
Omnipaque 350 contrast (WW:350, WL:40). (C) CT obtained during excretory phase after administration of intravenous 
contrast (WW:350, WL:40). There is ill-defined soft tissue attenuating material surrounding the calyceal system of both 

kidneys (red arrows). Multiple well-defined soft tissue attenuating masses measuring up to 2.8 cm surround the calyceal 
system of the lower pole of the left kidney (blue arrows). These masses have an average attenuation of 41.6 HU without 
contrast, 98.2 HU during nephrogenic phase, and 63.8 HU during excretory phase. Bilateral cortical thinning is also present. 
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Fig. 5 – A 72 year-old female with chronic myelogenous leukemia complicated by myelofibrosis. (A) CT without contrast 
enhancement (WW:350, WL:40). (B) CT obtained during nephrogenic phase after administration of 75 cc of intravenous 
Omnipaque 350 contrast (WW:350, WL:40). (C) CT obtained during excretory phase after administration of intravenous 
contrast (WW:350, WL:40). There is an enlarged left para-aortic lymph node identified measuring up to 1.7 cm in short axis 
(red arrow). This lymph node has an average attenuation of 47.6 HU on noncontrast images, 117.7 HU during nephrogenic 
phase, and 66.8 HU during excretory phase. Histological analysis of tissue samples obtained during CT-guided biopsy 

demonstrated abundant extramedullary hematopoiesis. Multiple additional prominent retroperitoneal lymph nodes 
measuring up to 0.7 cm were also identified on this exam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

is less common in sickle cell anemia when compared to other
hemoglobinopathies such as beta thalassemia [4] . Splenic and
hepatic involvement in EH that presents as a discrete mass
rather than diffuse visceromegaly is even more uncommon
[1] . In our literature search, we were able to find fewer than 15
cases describing the imaging appearance of focal intrahepatic
EH and fewer than 15 cases that described the imaging appear-
ance of focal intrasplenic EH. In addition, we were only able
to find five cases describing the MRI appearance of intrahep-
atic mass-like EH [3 ,5 ,10–12] . In all of the previously published
cases, the described hepatic lesions exhibited increased sig-
nal intensity on T2-weighted images in relation to the liver.
The signal intensity of the described hepatic lesions on T1-
weighted imaging was variable. Three of the four cases in
which intravenous contrast was administered demonstrated
lesions with some degree of contrast enhancement. Only one
of the five case reports describes the appearance of intrahep-
atic mass-like EH in patients with sickle cell anemia on MRI [3] .
Jelali, et al. found both mass-like intrahepatic and intrasplenic
EH in a patient with sickle cell anemia. Both the intrahep-
atic and intrasplenic lesions described by Jelali, et al. demon-
strated increased signal intensity on T1- and T2-weighted im-
ages in respect to the surrounding parenchyma, similar to the
first case we reported on. In our case, we observed lesions that
had early arterial enhancement, whereas in the case reported
by Jelali, et al., there was no contrast enhancement during the
arterial phase for both splenic and hepatic lesions. However,
persistent enhancement of splenic and hepatic lesions was
observed on delayed phase images in both cases. 

The second case we described is that of a 72-year-old
female with chronic myelogenous leukemia complicated by
myelofibrosis. Imaging demonstrated multiple splenic and
pericalyceal masses, presumed to represent areas of EH. In
our literature search, we found that fewer than 20 instances
of renal EH have previously been reported, and the majority of
cases involved both kidneys. We were able to find four cases
that described the imaging appearance of pericalyceal mass-
like EH [2 ,6–8] . In all of the previously described cases, the per-
icalyceal masses had soft tissue attenuation on CT, were rela-
tively hypoenhancing to the renal parenchyma in the nephro-
genic phase, and had increased contrast enhancement on de-
layed phase. Our case differs in that the identified pericalyceal
masses were relatively hyperattenuating in relation to the re-
nal parenchyma during the nephrogenic phase. This may be
secondary to increased activity in the extramedullary tissue,
as it has previously been described that increased activity in
extramedullary hematopoietic tissue correlates with the de-
gree of contrast enhancement in EH [1] . Of the four cases of
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Fig. 6 – A 72 year-old female with chronic myelogenous leukemia complicated by myelofibrosis. (A) CT without contrast 
enhancement (WW:350, WL:40). (B) CT obtained during nephrogenic phase after administration of 75 cc of intravenous 
Omnipaque 350 contrast (WW:350, WL:40). (C) CT obtained during excretory phase after administration of intravenous 
contrast (WW:350, WL:40). There is a 2.2 cm well-circumscribed soft tissue attenuating lesion within the spleen (red arrow). 
This lesion has an average attenuation of 42.2 HU on noncontrast images, 74.9 HU during nephrogenic phase, and 90.7 HU 

on excretory phase. Mild diffuse splenomegaly is also present. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pericalyceal mass-like EH identified, three had been formally
diagnosed with myelofibrosis at the time of imaging [ 2 ,7 ,6 ].
In our case, the patient had chronic myelogenous leukemia
with myelofibrosis and suspected pericalyceal mass-like EH.
Ricci et al. described pericalyceal mass-like extramedullary
hematopoiesis in a patient with polycythemia vera, which
is often complicated by myelofibrosis throughout the natural
course of the disease [8] . This may suggest that findings of per-
icalyceal mass-like EH on imaging is relatively specific to pa-
tients with myelofibrosis. However, more cases will have to be
documented and evaluated to confidently establish whether
a correlation exists. 

Patient consent 

The patients reported in this manuscript have provided con-
sent for participation in research which includes permission
to use data collected in future research projects, the presented
case details, and the images used in this manuscript. 
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