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The Journal Citation Indicator (JCI) is the average Category
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reviews) published by a journal over a recent three year
period. The average JCI in a category is 1. Journals with a JCI
of 1.5 have 50% more citation impact than the average in that
category. It may be used alongside other metrics to help you
evaluate journals. Learn more
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The Citation Distribution shows the frequency with which items published in the year or two years prior were cited in the JCR data
year (i.e., the component of the calculation of the JIF). The graph has similar functionality as the JIF Trend graph, including hover-over
data descriptions for each data point, and an interactive legend where each data element's legend can be used as a toggle. You can
view Articles, Reviews, or Non-Citable (other) items to the JIF numerator. Learn more
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Journals within a category are sorted in descending order by Journal Impact Factor (JIF) resulting in the Category Ranking below. A
separate rank is shown for each category in which the journal is listed in JCR. Beginning in 2023, ranks are calculated by category.
Learn more
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A R T I C L E  I N F O

Keywords:
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Cavernous
Capillary
Synchronous tumors

A B S T R A C T

Intrarenal hemangiomas lack concise clinicopathologic information, due to the predominance of single case 
reports and inclusion of other vascular neoplasms and hemangiomas of perirenal, hilar, and renal vein origin. 
Herein, in this multi-institutional study we evaluate clinicopathologic features of 39 intrarenal hemangiomas. 
The median age was 62 years (range = 27–94 years; 2:1 male to female ratio), with left-sided predominance (left 
= 21, right = 13; one case was bilateral). The median tumor size was 1.5 cm (0.2-10 cm). Two cases arose from 
transplanted kidneys. Most were asymptomatic (n = 30, 86 %), even though most surgical interventions (19 
partial, 19 radical, 1 biopsy) were due to hemangiomas (n = 24, 62 %). Synchronous renal neoplasms were 
present in 9 (23 %) patients, including clear cell renal cell carcinoma (RCC) (n = 4), angiomyolipoma (n = 2), 
oncocytoma (n = 2), and chromophobe RCC (n = 1). Multifocal hemangiomas (n = 5) were seen in cases with 
end stage renal disease. Intrarenal hemangiomas were mostly anastomosing (n = 18; 46 %), followed by capillary 
(n = 15; 38 %), and cavernous (n = 6; 16 %) subtypes. Fibrin thrombus (n = 9; 23 %) and extramedullary 
hematopoiesis (n = 4; 10 %) were occasionally present, the latter being only in the anastomosing subtype. 
Immunohistochemistry was performed on a majority (n = 33, 84 %) of hemangiomas, with vascular markers 
CD31 and CD34 and lack of PAX8 were most used for diagnosis. 30 patients had follow-up (median 48 months, 
range 1–241 months), none showed disease progression/recurrence. This study provides comprehensive obser
vation of the largest intrarenal hemangioma cohort, highlighting their frequent cause of surgical intervention 
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when present, predominance of anastomosing subtype, multifocality in end stage kidney disease, and occasional 
concurrent ipsilateral neoplasms.

1. Introduction

Vascular lesions encompass a broad spectrum, ranging from non- 
neoplastic arteriovascular malformations (AVM) to highly aggressive 
malignant angiosarcomas [1]. Hemangioma, benign vascular neoplasm 
in this spectrum, is the most common vascular neoplasm and can be seen 
in any organ and tissue type, including but not limited to skin, syno
vium, skeletal muscle, vascular wall, visceral organs, and central ner
vous system [1]. Age and gender predisposition, along with the tumor 
location, are somewhat determined by the various subtypes of heman
gioma such as capillary, anastomosing, venous, or epithelioid [1]. For 
instance, infantile hemangioma is mostly seen in the skin of head and 
neck region and trunk of the infants with female predilection, whereas 
intramuscular hemangioma, with equal age distribution in young adults, 
are observed within the skeletal muscle of lower extremities [1]. 
Involvement of the genitourinary system may occur in the setting of 
systemic angiomatosis, such as in Sturge–Weber and Klippel–Trénaunay 
syndromes [1].

Hemangiomas can rarely be seen in any organ in the urinary tract 
and male genital system; the kidney involvement was first identified as 
an autopsy finding by Virchow in 1867 [2]. Only scattered case reports 
and small case series have been reported thus far in the literature, often 
with the series including multiple types of vascular tumors arising from 
the kidney or hemangiomas from different sites of genitourinary tract 
[3,4]. Approximately 220 examples of renal hemangioma have been 
reported in the literature. Herein, we conducted an international 
collaboration to gather a large cohort of primary intrarenal hemangi
omas to overview their distinct clinicopathologic features.

2. Materials and method

An international cohort of intrarenal hemangiomas were collected 
from Hungary, Spain, Turkiye, India, and the United States and were re- 
evaluated histologically. Authors from each participating institution 
(MA, AS, SRW, SH, MAA, MGM, AP, KY, LK, BYB, SK, SKM) were asked 
to review their archival material using hematoxylin and eosin-stained 
slides and supporting immunohistochemical (IHC) assays, and relevant 
available clinicopathologic data. Hemangiomas that were arising from 
renal vein or renal sinus adipose tissue were excluded; only hemangi
omas arising in the renal parenchyma were included in the study. Age 
and gender of the patients with concurrent relevant clinical conditions 
(if any), pre-surgical clinical symptoms (if any), surgical procedure (i.e. 
biopsy, partial nephrectomy, or radical nephrectomy), laterality of the 
involved kidney, tumor characteristics (size, number of hemangiomas, 
hemangioma type, synchronous renal tumors), presence of vascular 
thrombus and extramedullary hematopoiesis, and immunoprofile were 
recorded. Follow-up were recorded from the time of diagnosis and either 
the death of the patient or lost-to-follow up. In addition to our cohort, a 
comprehensive review of the English literature on intrarenal hemangi
omas was performed.

3. Results

3.1. Clinical presentation and demographics

The clinicopathologic features of 39 patients with intrarenal hem
angioma are summarized in Table 1. The cohort included 26 men and 13 
women (male-to-female ratio is 2), with a median age 62 years (range 
27–94 years) at the time of the diagnosis. None of the patients had a 
personal or family history of syndromes. The diagnostic specimens 
comprised of 19 radical nephrectomies, 19 partial (bilateral 

nephrectomies in a single patient) nephrectomies, and one biopsy. In 
patients with known laterality (n = 35), left kidney was more affected 
than the right (21 vs 13), in addition to one patient with bilateral 
involvement. Intrarenal hemangiomas occurred in transplant kidneys in 
two patients. In cases with known history of initial presentation (n =
35), most were asymptomatic (n = 30, 86 %); documented symptoms 
were flank or abdominal pain (n = 4), gross hematuria (n = 2), or both 
(n = 1). A total of six patients (15 %) had end stage renal disease (ESRD), 
with additional four patients with a variety of pathologic processes 
including glomerulonephritis, glomerulosclerosis, AL-type amyloidosis, 
oxalosis with staghorn calculi, and chronic pyelonephritis.

3.2. Tumor characteristics

Intrarenal hemangiomas were the main reason for planned ne
phrectomies in 24 patients (62 %), whereas in 15 (38 %) patients, 
intrarenal hemangiomas were microscopically identified in nephrec
tomies performed for other renal neoplasms (n = 8, 21 %) or non- 
neoplastic (n = 7, 18 %) renal conditions, such as the removal of non- 
functional kidney due to ESRD or staghorn calculus. Hemangioma size 
was ranging from 0.2 to 10 cm, and the median size was 1.5 cm. 
Multifocal intrarenal hemangiomas were seen in 5 (13 %) patients, and 
interestingly, all multifocal hemangiomas arose in the background of 
ESRD, only one patient with ESRD had solitary hemangioma. Grossly, 
tumors showed somewhat well circumscribed solid nodules mottled 
with brown-red foci of hemorrhage, larger tumors exhibited apparent 
cystic changes with hemorrhage (Fig. 1A). Concurrent ipsilateral renal 
neoplasms were present in 9 (23 %) patients, and clear cell renal cell 
carcinoma (RCC) was the most common concurrent renal neoplasm (n =
4), followed by angiomyolipoma (AML, n = 2), oncocytoma (n = 2), and 
chromophobe RCC (n = 1). Contralateral oncocytoma was present in one 
case. Only one patient had a concomitant extra-renal hemangioma, 
consistent with retroperitoneum origin.

3.3. Histological features and immunohistochemical assays

Microscopically, intrarenal hemangiomas formed somewhat well- 
circumscribed unencapsulated masses (Fig. 1B) with frequent entrap
ment of renal tubules (Fig. 1C). Low-grade endothelial cell proliferation 
with absent mitotic activity and minimal or no cytologic atypia were 
present in all neoplasms. No mitotic activity was present. Most cases 
were anastomosing (n = 18; 46 %, Fig. 1B-G) subtype, characterized by 
the interconnected vascular network in sinusoidal pattern (Fig. 1C – D), 
with frequent microcystic changes (Fig. 1E). Fibrin thrombus (n = 9; 23 
%, Fig. 1F) and extramedullary hematopoiesis (n = 4; 10 %, Fig. 1G) 
were occasionally present, the latter being only in the anastomosing 
subtype (n = 4). It was followed by capillary (n = 16; 38 %) subtype with 
ill-delineated mass (Fig. 2A) formed by tightly packed capillary lumina 
(Fig. 2B) with flattened to enlarged epithelioid endothelial cells 
(Fig. 2C). Seamless intertubular infiltration was also present (Fig. 2D). 
Least common subtype was cavernous (n = 6; 16 %, Fig. 3A-D), iden
tified by the conglomeration of large cystic and congested vascular 
spaces with fibrovascular septa and inconspicuous endothelial lining. 
Majority of cass (n = 33, 84 %) had immunohistochemical (IHC) assays; 
vascular markers ERG (Fig. 1H), CD31 (Figs. 1I, 2D) and CD34 and lack 
of PAX8 were most commonly used (See Table 1 for the summary of IHC 
assays).

3.4. Follow-up data

Follow-up data was available for 30 patients, with a median follow- 
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Table 1 
Clinicopathologic features of 39 intrarenal hemangioma.

Case 
number

Age/ 
gender

Laterality/ 
procedure

Incidental/ 
symptomatic

Primary cause 
of surgery/ 
biopsy*

Tumor 
size (cm)

Focality 
(unifocal or 
multifocal)

Diagnosis 
(subtype, if 
applicable)

Extramedullary 
hematopoiesis

Fibrin 
thrombi

Additional 
renal lesions

IHC work up Hemangioma at 
the non-renal 
sites

Follow-up 
(months)

1 52 M Left/Partial Incidental Hemangioma 2.8 Unifocal Anastomosing Absent Present None (+) CD31, FVIII, 
SMA,

None DWOD 
(81)

2 71F Left/ 
Radical

NA Hemangioma 2.8 Unifocal Anastomosing Present Present None (+) CD31, SMA, 
CD34, FLI1

None NED (83)

3 72F Left/ 
Radical

Incidental Hemangioma 1.5 Unifocal Cavernous Absent Absent None None None DWOD 
(59)

4 69 M Left/Partial Incidental Hemangioma 1.1 Unifocal Anastomosing Absent Absent None (+) ERG None NED (35)
5 94 M Right/ 

Biopsy
Incidental Hemangioma 4.7 Unifocal Anastomosing Absent Absent None (+) ERG None NED (31)

6 47F Left/ 
Radical

Incidental Hemangioma 3.5 Unifocal Anastomosing Present Absent None (+) CD34, HHF-35 None NED 
(161)

7 75 M NA/Radical Incidental Non- 
neoplastic**

2,5 Unifocal Capillary Present Absent GN, GS (+) CD31, CD34, 
Factor VIII (− ) 
HMB45, CK, HHV8

None NA

8 69F Right/ 
Radical

Right 
abdominal 
pain

Non- 
neoplastic**

1,5 
(largest)

Multifocal Capillary Absent Absent AL 
amyloidosis, 
GN, GS

(+) CD31, CD34, 
Factor VIII (− ) 
HMB45, CK, HHV8

None NA

9 76 M NA/Partial Incidental Hemangioma 1.3 Unifocal Anastomosing Absent Present None None NA
10 45 M Left/ 

Radical
incidental Hemangioma 2.9 Unifocal Anastomosing Absent Present None (+) CD31, CD34, (− ) 

D2–40, AE1/3, 
HHV8

None NED 
(156)

11 59 M Left/Partial incidental Hemangioma 2.2 Unifocal Anastomosing Absent Present None None Retroperitoneal NED 
(108)

12 56F Left/ 
Radical

incidental AMLEC 0.5 
(largest)

Multifocal Anastomosing Absent Absent AMLEC, AML, 
cortical cysts

(+) ERG; (− ) PAX8, 
CA9, cathK, inhibin, 
ER

None NED (24)

13 32 M NA/Radical Incidental Non- 
neoplastic**

0.3 Unifocal Cavernous Absent Absent Oxalosis +
staghorn 
calculi

None None NED 
(144)

14 67F Right/ 
Partial

incidental CCRCC 0.2 Unifocal Anastomosing Absent Absent CCRCC (+) CD31, ERG; (− ) 
CA9, keratin 7, AE1/ 
3

None NED (9)

15 73 M Right/ 
Partial

incidental CCRCC 1.4 Unifocal Cavernous Absent Absent CCRCC (+) ERG, CD31 None NA

16 41 M Right/ 
Partial

incidental CCRCC 1 Unifocal Anastomosing Absent Absent CCRCC, ESRD (+) ERG, CD31 None NED (81)

17 62 M Left/ 
Radical

Incidental Non- 
neoplastic**

0.8 
(largest)

Multifocal Anastomosing Absent Absent ESRD (+) ERG, CD31 None NED (46)

18 50F Left/ 
Radical

Incidental Non- 
neoplastic**

1.2 
(largest)

Multifocal Anastomosing Absent Absent ESRD (+) ERG, CD31 None NA

19 81 M Left/ 
Radical

Incidental ChRCC N/A Unifocal Capillary Absent Absent ChRCC None None NED 
(120)

20 80 M Right/ 
Partial

Incidental Hemangioma 4 Unifocal Anastomosing Absent Absent Contralateral 
Oncocytoma

(+) CD31; (− ) 
CKAE1/AE3

None NED (24)

21 55F NA/Radical Incidental Non- 
neoplastic**

1.5 Unifocal Capillary Absent Absent ESRD, 
transplant 
kidney

(+) CD31; (− ) AE1/ 
AE3, HMB45

None NA

22 43 M Left/ 
Radical

Incidental Non- 
neoplastic**

1.2 Unifocal Capillary Absent Absent ESRD (+) CD31, (− ) AE1/ 
AE3

None NED (48)

23 56 M Right/ 
Partial

Incidental Hemangioma 1.8 Unifocal Capillary Absent Absent None (+) ERG, CD31, 
FLI1; (− ) HHV8, 

None NED (21)

(continued on next page)
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Table 1 (continued )

Case 
number 

Age/ 
gender 

Laterality/ 
procedure 

Incidental/ 
symptomatic 

Primary cause 
of surgery/ 
biopsy*

Tumor 
size (cm) 

Focality 
(unifocal or 
multifocal) 

Diagnosis 
(subtype, if 
applicable) 

Extramedullary 
hematopoiesis 

Fibrin 
thrombi 

Additional 
renal lesions 

IHC work up Hemangioma at 
the non-renal 
sites 

Follow-up 
(months)

PAX8, AE1/3, low 
Ki67

24 41F Right/ 
Partial

Incidental Hemangioma 1.3 Unifocal Capillary Absent Absent None (+) ERG, CD31, 
FLI1; AE1/3, low 
Ki67

None NED (36)

25 59F Right/ 
Partial

Incidental Hemangioma 2 Unifocal Capillary Absent Present None (+) ERG, CD31, 
FLI1; (− ) HHV8, 
PAX8, AE1/3, low 
Ki67

None NA

26 62F Left/Partial Abdominal 
Pain

Hemangioma 3.5 Unifocal Capillary Absent Absent None (+) ERG, CD31, 
FLI1; (− ) HHV8, 
PAX8, AE1/3, low 
Ki67

None NED (37)

27 66 M Left/ 
Radical

Incidental Hemangioma 2.5 Unifocal Capillary Absent Absent Multilocular 
benign cysts

(+) CD31, CD34; (− ) 
PAX8

None NED (90)

28 70 M Right/ 
Partial

Incidental Hemangioma 2.5 Unifocal Anastomosing Absent Absent None (+) CD31, CD34; (− ) 
CD10, PAX8

None NED (4)

29 59F Left/ 
Radical

Incidental Hemangioma 4.5 Unifocal Cavernous Absent Yes PN None None NED (40)

30 66 M Left/Partial NA Hemangioma 2.5 Unifocal Capillary Absent Absent Benign simple 
cortical cysts

(+) CD34, (− ) PAX8, 
CAM5.2 and CD68

None NA

31 66 M Left/Partial Incidental Hemangioma 1.5 Unifocal Capillary Absent Absent None (+) CD34, SMA and 
Vimentin; (− ) CD10, 
PAX8, CK7, AMACK 
and Chromogranin

None NED 
(120)

32 48 M Left/Partial Left flank pain Hemangioma 3 Unifocal Cavernous Absent Present None (+) CD31 None NED 
(241)

33 71 M Left/Partial Gross 
hematuria

Hemangioma 8 Unifocal Cavernous Absent Present None (+) CD31 None NED 
(167)

34 59 M Right/ 
Radical

Incidental Oncocytoma 1.3 Unifocal Capillary Absent Absent Oncocytoma (+) CD31 None NED (1)

35 54 M Right/ 
Radical

Incidental Oncocytoma 1.4 Unifocal Capillary Absent Absent Oncocytoma (+) CD31 None NED 
(147)

36 33F Left/ 
Radical

Left flank pain 
and gross 
hematuria

Hemangioma 10 Unifocal Anastomosing Present Present None (+) CD31, CD34, 
ERG

None NA

37 64 M Right/ 
Radical

Incidental CCRCC 0.4 Unifocal Capillary Absent Absent CCRCC (+) CD31 None NED (2)

38 34 M Bilateral/ 
Partial

NA Hemangioma 1.1 
(largest)

Multifocal Anastomosing Absent Absent ESRD, AML, 
transplant 
kidneys

(+) ERG, (− ) PAX8 None NED (5)

39 50 M Left/Partial Incidental Hemangioma 2.5 Unifocal Anastomosing Absent Absent None (+) CD31, ERG; (− ) 
KRT7, PAX8, PanCK

None NED (72)

AML: Angiomyolipoma; AMLEC: Angiomyolipoma with epithelial cysts; CCRCC: clear cell renal cell carcinoma; ChRCC: Chromophobe renal cell carcinoma; DWOD: died without disease; ESRD: end stage renal disease; 
GN: glomerulonephritis; GS: glomerulosclerosis; NA: Not applicable; NED: alive with no evidence of disease; PN: pyelonephritis.

* In cases that are not hemangioma as the primary cause of surgery/biopsy; hemangioma is microscopically identified.
** Additional renal lesions column indicates the reason for surgery.
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Fig. 1. Cross section of nephrectomy specimen with large hemorrhagic and necrotic cut surface (A) (microscopic evaluation revealed cavernous hemangioma). 
Intrarenal hemangioma is most commonly of anastomosing subtype, microscopically forming unencapsulated well-circumscribed masses (B, 20£) with focal 
hyalinization in this case. Frequent entrapment of renal tubules (arrowhead indicate renal tubule, C, 40£) is present. Anastomosing hemangioma is characterized by 
interconnected vessels with sinusoidal pattern (D, 100£) Extravasated blood and microcystic changes are common (E, 100£). Fibrin thrombi (arrowheads indicate 
fibrin thrombi, F, 200£) and extramedullary hematopoiesis (arrowheads indicate macrophages, G, 200£) were occasionally seen. Markers that are specific for 
endothelium, such as ERG (H, 200£) and CD31 (I, 200£) can be used as supporting immunohistochemical assays.
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up period of 48 months (range 1–241 months). All nephrectomy patients 
were postoperatively free of disease, while the single biopsied heman
gioma patient was stable after 31 months.

3.5. Literature review

A detailed literature review from the largest case series [3,5-7,16] 
(Table 2) summarizes intrarenal hemangioma in 49 patients, including 
three pediatric patients (<1, 15, and 17 years, respectively). These large 
cohorts were intermixed. Montgomery et al. [7] highlighted anasto
mosing hemangioma and its predilection to genitourinary tract, 
including cases from kidney, renal hilum, perinephric fat, and testis, 
whereas Brown et al. [6] and Mehta et al. [3] included various other 
vascular neoplasms such angiosarcoma, lymphangioma, or intravascular 
papillary endothelial hyperplasia. In addition, hemangiomas arising 
from peri-renal soft tissue, i.e. renal hilum or perinephric adipose tissue 
were frequent in these reports. Male to female ratio (32:16) and tumor 
size (median 2.0 cm) were comparable to our cohort. Moreover, anas
tomosing subtype (n = 25) was the most common similar to our cohort, 
followed by capillary (n = 9), AVM (n = 8), and cavernous (n = 2), with 
four cases without any subtype documentation. Hemangioma subtyping 
was occasionally missing [3,5], moreover subtype characterization 
could differ between reports. For instance, most reports [5,7,16] 
described anastomosing subtype as a distinct category, whereas Brown 
et al. [6] considered it in the morphologic spectrum of capillary hem
angioma. Multifocality was more common than our cohort (8/48, 17 %), 
particularly due to Kryvenko et al. [16] observation on hemangiomas 
arising in the setting of ESRD, and 75 % of multifocal cases arose from 
kidneys with ESRD. Unlike our cohort, median age (52.5 years) was 
relatively younger than our cohort (62 years), and both kidneys were 
similarly involved (left/right: 19/18) with few bilateral presentations (n 
= 4). Extramedullary hematopoiesis and fibrin thrombi were occasional 

similar to our cohort, and extramedullary hematopoiesis were only seen 
in anastomosing hemangioma. No progression or recurrence were re
ported following surgery.

4. Discussion

Renal hemangiomas exclusively arising from the renal parenchyma 
lack concise clinical and pathologic information despite ample docu
mentation of the vascular lesions arising from or around this organ with 
>200 cases reported in the literature. This is due to 1) reports of single 
cases in the vast majority of publications, 2) mixed cohorts including a) 
perinephric, renal sinus, or renal vein hemangiomas or b) other vascular 
neoplasms including angiosarcomas or lymphangiomas, and 3) lack of 
consistent documentation of the coexistence with other neoplasms in the 
ipsi- or contralateral kidney. Our cohort, which is largest to date, aims to 
address these shortcomings.

Median age, male predominance, most commonly anastomosing 
subtype, and unanimously non-progressing non-recurring outcomes 
after surgery were comparable to the cases of intrarenal hemangioma in 
the literature. Moreover, occasional extramedullary hematopoiesis was 
identified only in anastomosing subtype in cases with known subtype, 
similar to the literature. Unique findings that are somewhat overlooked 
in the literature are as follows: 

A) Most hemangiomas were asymptomatic and were considered RCC 
by imaging and were the cause of the nephrectomies in most cases 
despite their benign clinical nature. It indicates that intrarenal 
hemangioma is a mimicker of malignant renal neoplasms, 
particularly RCC by imaging [8,9]; furthermore, intrarenal 
hemangiomas can also microscopically mimic low-grade clear 
cell renal cell carcinoma [10], hemangioblastoma [11], 
hemangioblastoma-like RCC [12], and unclassified hemangioma- 

Fig. 2. Capillary hemangiomas form nodules within the intrarenal parenchyma with no capsulation (A, 40£), hemangiomas and are formed by closely packed 
delicate round vascular spaces (B, 100£). Endothelial cells can be flat, although prominent epithelioid changes can be present (arrowheads indicate plump 
endothelial cells, C, 200£). Capillary hemangiomas seamlessly infiltrate renal parenchyma, CD31 immunohistochemical assay (D, 200£) highlights endothelial 
cells, whereas entrapped renal tubules (arrowheads, D) can be appreciated with lack of CD31.
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like RCC [13,14]. Regardless to say, angiosarcomas can rarely be 
seen and can be distinguished by cytologic atypia, mitotic ac
tivity, and increased Ki67 proliferation index [7].

B) Compared to prior intrarenal hemangioma reports, frequent 
synchronous renal neoplasms were present in our cohort (almost 
one quarter of cases) and were strongly associated with capillary 
subtype. Moreover, two other intrarenal hemangiomas were 
associated with renal cysts. Why our cohort had more synchro
nous tumors with intrarenal hemangiomas or why synchronous 
tumors were common in capillary subtype is unclear, although 
presence of RCC with capillary hemangioma is previously re
ported in the literature [15].

C) Multifocality had a strong association with ESRD. A subset of our 
patients had ESRD and/or distinct non-neoplastic pathologies 
involving renal parenchyma, and all but one cases (5/6) had 
multifocal hemangioma. The association of ESRD with heman
giomas is well known, particularly underscored by Kryvenko 
et al. [16], and multifocal hemangiomas are frequently reported 
in these cohorts [16,17]. One meta-analysis suggested the asso
ciation of anastomosing hemangioma with ESRD [18].

Limitations of this study includes retrospective nature of the obser
vation. Moreover, arteriovenous malformation, considered under 
vascular tumors, were not represented in our cohort. Additionally, as 
this was a retrospective study from multiple institutions, consisting 
recording of the precise epicenter of the hemangiomas in the renal pa
renchyma (i.e. renal cortex vs medulla) were not recorded in our cohort. 
Finally, therapeutic interventions other than surgery, such as ablation 
techniques [19] were not present in the treatment of our cohort.

In conclusion, intrarenal hemangiomas are rare mostly asymptom
atic benign vascular neoplasms, radiologically mimicking malignancy 
and thereby causing nephrectomies. Anastomosing subtype is the most 
common, moreover capillary subtype can be associated with synchro
nous tumors. Intrarenal hemangiomas can present in native or trans
plant kidneys and tend to be multifocal in patients with ESRD. It is non- 
progressive and non-recurring after surgery.
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septa and flattened and inconspicuous endothelial cells (C, D, 100£).
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Table 2 
Summary of selected cohorts of intrarenal hemangiomas in the literature.

First author/ 
publication year

PMID Age 
(years)/ 
gender

Diagnosis Laterality Procedure type Concurrent renal 
disease/neoplasm

Tumor size (cm) Focality Extramedullary 
hematopoiesis

Presence of 
fibrin thrombi

Follow-up

Mitchell et al. 
1982

7131,472 NA 
/Female

Hemangioma * Right Partial Nephrectomy Not Specified 2 Unifocal No Not specified NED 5 years

15/Female Cavernous Right Partial Nephrectomy Not Specified NA Unifocal No Present NA
25/Male Cavernous Left Partial Nephrectomy Not Specified NA Unifocal No Present NED 4mo

Brown et al. 2010 20534992 58/Female AVM Right Radical Nephrectomy None 2.5; 1.5 Multifocal No Not specified NA
61/Male AVM Right Radical Nephrectomy None 2 Unifocal No Not specified NA
55/Male AVM Left Radical Nephrectomy None NA Unifocal No Not specified NED 60
64/Male Capillary Left Partial Nephrectomy None 3.5 Unifocal No Not specified NA
58/Male Capillary Left Radical Nephrectomy None 2 Unifocal No Not specified NA
56/Male Anastomosing Right Partial Nephrectomy None 1.3 Unifocal No Not specified NA
40/Male Capillary Left Radical Nephrectomy Lupus,ESRD, CRCC, 

PRCC, ACKD-RCC
0.2 Unifocal No Not specified NED 2mo

33/Female Anastomosing Left Radical Nephrectomy None 3.2 Unifocal No Not specified NA
69/Male Capillary Right Nephroureterectomy Urothelial Carcinoma 0.4 Unifocal No Not specified Developed lung 

CA at 108 
months

21/Male Anastomosing Right Radical Nephrectomy ESRD, transplant 2.2 Unifocal No Not specified NED 24mo
49/Female Capillary Left Radical Nephrectomy ESRD, renal cortical 

papillary neoplasm
NA Unifocal No Not specified NA

59/Male Capillary Right Radical Nephrectomy Oncocytoma 0.5 Unifocal No Not specified NED 2mo
60/Female Capillary Left Radical Nephrectomy None 2.1 Unifocal No Not specified NED 36mo
40/Male Capillary Left Radical Nephrectomy None 3 Unifocal No Not specified NED 84mo
44/Female Anastomosing Left Radical Nephrectomy None 2 Unifocal No Not specified NED 72mo
83/Female Anastomosing Left Radical Nephrectomy None 3.5 Unifocal No Not specified NED 24mo

Mehta et al., 
2012

23090628 58/Female AVM Right Radical Nephrectomy None 4 Unifocal Not specified Not specified NED 36mo

33/Female AVM Left Radical Nephrectomy Renal infarct 9.2 Unifocal Not specified Not specified NED 68mo
74/Female AVM Left Partial Nephrectomy PRCC 3.4 Unifocal Not specified Not specified NED 12mo
47/Male AVM Right Partial Nephrectomy None 2.4 Unifocal Not specified Not specified NED 9mo
61/Male AVM, 

Hemangioma
Right Nephroureterectomy None 2 (AVM); 0.9 

(Hemangioma)
Multifocal Not specified Not specified NED 112mo

60/Male Hemangioma* NA Radical Nephrectomy CCRCC contralateral 
kidney

0.5 Unifocal Not specified Not specified NED 3mo

39/Female Hemangioma* Right Partial Nephrectomy None 1.8 Unifocal Not specified Not specified NED 3mo
63/Male Hemangioma* NA Laparoscopic drainage 

of renal cyst
Renal stones 9 Unifocal Not specified Not specified NED 12mo

49/Male Anastomosing NA Radical Nephrectomy ESRD 2 Unifocal Present Not specified NED 58mo
55/Male Anastomosing NA Radical Nephrectomy ESRD; papillary 

adenoma
0.6 Unifocal Present Not specified NED 144mo

45/Male Anastomosing NA Radical Nephrectomy ESRD 1.9 Unifocal Present Not specified NED 132mo
Montgomery 

et al. 2009
19606014 74/Male Anastomosing NA Radical Nephrectomy Renal sinus fat 

hemangioma
1.5 Unifocal Present Not specified NED 36mo

75/Female Anastomosing NA Radical Nephrectomy Renal sinus fat and 
periureter hemangioma

2 Unifocal Present Not specified NA

Kryvenko et al. 
2014

24548339 68/Female Anastomosing Right Nephrectomy** ESRD 0.1, 1.5 Multifocal Present Not 
specified***

NA

51/Female Anastomosing Right Nephrectomy** ESRD 1 Unifocal Present Not 
specified***

NA

54/Female Anastomosing Bilateral Nephrectomy** ESRD; CCRCC, PA 0.6, 1.1 Multifocal Present Not 
specified***

NA

29/Male Anastomosing Bilateral Nephrectomy** ESRD 1.3, 0.5 Multifocal Present Not 
specified***

NA

(continued on next page)
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Table 2 (continued )

First author/ 
publication year 

PMID Age 
(years)/ 
gender 

Diagnosis Laterality Procedure type Concurrent renal 
disease/neoplasm 

Tumor size (cm) Focality Extramedullary 
hematopoiesis 

Presence of 
fibrin thrombi 

Follow-up

40/Male Anastomosing Left Nephrectomy** Lupus, ESRD; CCPRT, 
ACKD RCC, PA

0.25 Unifocal Present Not 
specified***

NA

34/Male Anastomosing Right Nephrectomy** Lupus, ESRD; ACKD 
RCC

0.25–1.3 Multifocal Present Not 
specified***

NA

62/Male Anastomosing Left Nephrectomy** ESRD; ACKD RCC, 
ACKD RCC precursor

1 Unifocal Present Not 
specified***

NA

40/Male Anastomosing Left Nephrectomy** Lupus, ESRD; renal 
sinus fat hemangioma

8 Unifocal Present Not 
specified***

NA

46/Male Anastomosing Left Nephrectomy** IgA nephropathy, ESRD 1.6 Unifocal Present Not 
specified***

NA

60/Male Anastomosing Left Nephrectomy** Hereditary nephritis, 
ESRD; PA; ACKD RCC 
precursor

3.5 Unifocal Present Not 
specified***

NA

49/Male Anastomosing Right Nephrectomy** FSGS, ESRD; renal sinus 
fat hemangioma

3.5 Unifocal Present Not 
specified***

NA

49/Male Anastomosing Left Nephrectomy** ESRD; 1.3 Unifocal Present Not 
specified***

NA

66/Male Anastomosing Right Nephrectomy** ESRD; ACKD RCC 
precursor, PA

3 Unifocal Present Not 
specified***

NA

15/Male Anastomosing Bilateral Nephrectomy** ESRD; renal sinus fat 
hemangioma

0.2, 0.7 Multifocal Present Not 
specified***

NA

<1/Male Capillary Right Nephrectomy** ESRD, Congenital 
nephrotic syndrome, 
Wilms Tumor

1 Unifocal Present Present*** NA

17/Male Anastomosing Bilateral Nephrectomy** ESRD, ACKD; RCC NOS, 
PA

0.1–2.8 Multifocal Present Not 
specified***

NA

ACKD: acquired cystic kidney disease; CCRCC: clear cell renal cell carcinoma; ESRD: end stage renal disease; FSGS: focal segmental glomerulosclerosis; NOS: not otherwise specified; RCC: renal cell carcinoma; PA: 
papillary adenoma; PRCC: papillary renal cell carcinoma.

* Hemangioma subtpye was not documented.
** Whether radical or partial nephrectomy was performed in each case was not documented.
*** Fibrin thrombus was present in 10 hemangiomas, however, which specific case had fibrin thrombus was not documented.
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consent was not applicable at the time of the study. Patients’ anonymity 
was meticulously protected throughout the manuscript.

Ethical statement

This study was conducted under Albany Medical Center Local Ethics 
Committee’s approval (IRB #GU-5781). This study adhered to Decla
ration of Helsinki (https://www.wma.net/policies-post/wma-declaratio 
n-of-helsinki-ethical-principles-for-medical-research-involving-human-s 
ubjects/). All other contributors shared de-identified data from archival 
tissue specimens and were adhered to their local ethics committee 
approval.
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Data availability

Additional de-identified data is available upon request.
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