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a b s t r a c t 

This case report discusses a 64-year-old male with tuberous sclerosis complex (TSC), a ge- 

netic disorder characterized by benign tumor formation across multiple organ systems. The 

patient presented with a spontaneous hemorrhage from a right renal angiomyolipoma, a 

common and potentially life-threatening manifestation of TSC, particularly in patients with 

TSC2 mutations. The patient’s significant comorbidities, including hypertension and dys- 

lipidemia, further complicated his clinical course. Initial management involved aggressive 

fluid resuscitation and blood product transfusion, followed by urgent embolization to con- 

trol active bleeding. Despite developing complications such as transfusion-associated cir- 

culatory overload (TACO), the patient was successfully stabilized. This case highlights the 

necessity for careful monitoring and prompt intervention in patients with TSC, given the 

high risk of hemorrhage from angiomyolipomas, especially those larger than 3 cm. We also 

emphasize the importance of differentiating TSC-associated angiomyolipomas from other 

renal masses, considering the variability in clinical presentation and the potential for late- 

onset symptoms. Additionally, it highlights the critical role of a multidisciplinary approach 

in managing TSC patients, addressing both acute complications and long-term surveillance 

to prevent recurrence and other systemic manifestations of the disease. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

Introduction 

Tuberous Sclerosis Complex (TSC) is an autosomal dominant
genetic neurocutaneous disorder that affects multiple organs
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[ 1 ]. Its prevalence is almost 2 million people worldwide [ 2 ] with
an incidence of 1 in 6000 [ 2 ,3 ]. TSC is characterized by a loss-
of-function germline mutation in the TSC protein complex,
including TSC1 (known as hamartin) and TSC2 (known as tu-
berin), identified in 20% and 70% of TSC patients, respectively
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[ 2 ]. These are tumor suppressor genes that inhibit mTORC1
(mammalian target of rapamycin complex 1) which controls
cell growth [ 4 ]. The loss of these genes will result in the growth
of well-circumscribed benign tumors in the heart, lungs, kid-
neys, brain, and skin [ 2 ,3 ,5 ]. 

In the kidneys, Angiomyolipomas (AML) develop in up to
80% of adult TSC patients [ 3 ]. AML components include blood
vessels, smooth muscle, and fat, with the ratio of each dif-
fering between different lesions within the same kidney [ 3 ,6 ].
Therefore, AML is classified into 3 pathological types: classic,
fat-poor, and epithelioid [ 6 ]. Although it can occur sporadi-
cally or be associated with TSC [ 7 ], the latter affects patients
at younger ages and at a faster rate [ 6 ] especially those with
TSC2 mutation which tends to be more severe and prevalent
[ 8 ]. Multiple modalities have been established for the manage-
ment of AML; However, mTOR inhibitors are currently consid-
ered the first line, whether asymptomatic or measuring more
than 3 cm, even if symptomatic [ 6 ,9 ]. 

In this case, we present a 64-year-old male with a compli-
cated past medical history who presented with acute right up-
per flank pain and symptoms consistent with hemorrhagic
shock. Imaging revealed active bleeding from a right renal
angiomyolipoma, necessitating urgent transfer to another
hospital for embolization. Despite hemodynamic instability,
the patient was stabilized with aggressive fluid resuscita-
tion, blood transfusions, and embolization, which successfully
controlled the hemorrhage. Postprocedure, the patient devel-
oped transfusion-associated circulatory overload, which was
managed effectively with diuretics, and he was monitored in
the ICU with a focus on preventing rebleeding, managing his
chronic conditions, and planning long-term follow-up. 

Case presentation 

A 64-year-old male with a known history of tuberous sclerosis,
along with significant medical conditions including hyperten-
sion, dyslipidemia, and bilateral angiomyolipomas, presented
to the emergency department. The patient, who had been in
his usual state of health, experienced a gradual onset of mod-
erate to severe right upper flank pain lasting a few hours. The
pain was described as sharp and nonradiating, accompanied
by nausea, vomiting, sweating, and dizziness. Given the pa-
tient’s history and clinical presentation, the differential diag-
nosis included renal artery aneurysm, ruptured renal tumor,
or spontaneous hemorrhage from angiomyolipoma. An initial
abdominal ultrasound revealed a right perinephric hematoma
with free fluid, prompting a subsequent CT scan with IV con-
trast, which confirmed a large right angiomyolipoma with ac-
tive extravasation and a smaller left angiomyolipoma with
internal sealing extravasation, indicative of ongoing active
bleeding (see Fig. 1 ). 

Upon arrival, the patient was hemodynamically stable but
had borderline low blood pressure and appeared drowsy. Lab-
oratory tests revealed a significant drop in hemoglobin to 8.3
g/dL from a baseline of 13 g/dL. Other relevant laboratory find-
ings included a slightly elevated INR of 1.7, indicating mild co-
agulopathy, and a lactate level of 3 mmol/L, suggesting a de-
gree of tissue hypoperfusion (see Table 1 ). Initial management
involved aggressive fluid resuscitation with 1000 cc of Ringer’s
lactate, transfusion of 2 units of packed red blood cells (PRBCs),
and 2 units of fresh frozen plasma (FFP). Given the severity of
the hemorrhage, the patient was urgently transferred to an-
other hospital for possible embolization vs right nephrectomy.

At the receiving hospital, the patient’s condition deterio-
rated with a blood pressure of 78/60 mmHg and a heart rate of
115 bpm, consistent with hemorrhagic shock. Despite the crit-
ical state, the patient remained conscious and oriented with a
Glasgow Coma Scale (GCS) score of 15/15. Immediate interven-
tions included the insertion of a left-sided central line, admin-
istration of an additional 1500 cc of Ringer’s lactate, and trans-
fusion of more PRBCs and FFP. The patient’s oxygen saturation
dropped to 88% on room air, necessitating supplemental oxy-
gen via nasal cannula at 4 L/min. Despite significant hemo-
dynamic instability, vasopressors were not required, and the
patient was stabilized with fluid resuscitation and blood prod-
ucts. 

The patient was swiftly transferred to the catheteriza-
tion lab for embolization, where angiography confirmed sig-
nificant bleeding from the lower branch of the right renal
artery, controlled with multiple peripheral pushable coils (See
Fig. 2 ). Another bleeder from the superior branch was also
coiled. The final angiogram revealed no residual bleeding. Ad-
ditionally, the postoperative abdominal CT scan without con-
trast demonstrated multiple angiomyolipomas in a distorted
right kidney, along with a large fatty hypodense area con-
sistent with an angiomyolipoma inferior to the left kidney
(see Fig. 3 ).Throughout the procedure, the patient was trans-
fused with 8 units of FFP, 8 units of cryoprecipitate, 8 units of
platelets, and 4 units of PRBCs. He developed type 1 respiratory
failure, attributed to transfusion-associated circulatory over-
load (TACO), requiring high-flow oxygen therapy with a non-
rebreather mask. This complication was managed effectively
with intravenous furosemide, resulting in significant diuresis
and a reduction in oxygen requirements. Postprocedure, the
patient was transferred to the surgical ICU for close monitor-
ing. 

In the ICU, the patient’s hemodynamics stabilized, but si-
nus tachycardia persisted at 110 bpm. Despite aggressive fluid
resuscitation, he developed features of congestive heart fail-
ure due to TACO, which were managed with furosemide and
labetalol infusion for persistent hypertension. The patient’s
respiratory status gradually improved, allowing a reduction in
supplemental oxygen. Repeated blood tests showed no further
drop in hemoglobin, and electrolyte imbalances, including hy-
pokalemia and hypomagnesemia, were corrected with intra-
venous potassium chloride and magnesium sulfate. Monitor-
ing for potential rebleeding was implemented through serial
complete blood counts (CBC) and coagulation profiles. 

The patient’s long-term management plan included care-
ful monitoring for recurrent bleeding and ongoing man-
agement of the remaining left angiomyolipoma. Given the
patient’s history of dyslipidemia and hypertension, a thor-
ough cardiovascular evaluation was recommended to opti-
mize blood pressure control and reduce the risk of further vas-
cular complications. His medication regimen prior to admis-
sion was reviewed, and adjustments were made as needed, in-
cluding the reintroduction of Aspirin and the continuation of
antihypertensive therapy with Valsartan/Hydrochlorothiazide
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Fig. 1 – Preoperative Abdominal CT s can: (A) the coronal CT scan shows multiple fatty hypodense areas in both kidneys, 
consistent with angiomyolipomas that were observed 2 years earlier. The red arrow points to the angiomyolipoma 
suspected to have ruptured, while the white arrow indicates a large fatty hypodense area below the left kidney. (B) At 
admission, the CT scan shows hemorrhage caused by the rupture of an angiomyolipoma on the lower right side, indicated 

by the red arrow. 

Table 1 – Summary of laboratory findings on admission. 

Laboratory test Result Units Normal range 

White blood cell count 13.5 10 ̂ 9/L 4.0-11.0 × 10 ̂ 9/L 
Hemoglobin 8.2 g/dL 13.5-17.5 g/dL 
Platelets 131 10 ̂ 9/L 150-450 × 10 ̂ 9/L 
Mean corpuscular volume (MCV) 82 fL 80-100 fL 
Fibrinogen 130 mg/dL 200-400 mg/dL 
International Normalized ratio (INR) 1.78 - 0.8-1.2 
Sodium 138 mmol/L 135-145 mmol/L 
Potassium 3.1 mmol/L 3.5-5.0 mmol/L 
Chloride 107 mmol/L 98-107 mmol/L 
Calcium 7.2 mg/dL 8.5-10.2 mg/dL 
Blood urea nitrogen (BUN) 22 mg/dL 7-20 mg/dL 
Creatinine 1.3 mg/dL 0.7-1.3 mg/dL 
Aspartate Aminotransferase (AST) 36 U/L 10-40 U/L 
Alanine Aminotransferase (ALT) 7.2 U/L 7-56 U/L 
Total bilirubin 1.39 mg/dL 0.1-1.2 mg/dL 
Direct bilirubin 0.6 mg/dL 0.0-0.3 mg/dL 
C-reactive protein (CRP) 12 mg/L < 10 mg/L 
pH 7.38 - 7.32-7.43 
CO2 36 mmHg 35-45 mmHg 
HCO3 22 mmol/L 22-26 mmol/L 
Lactate 4.1 mmol/L 0.5-2.2 mmol/L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Bisoprolol. Nutritional support was provided with a soft
diet, and gastrointestinal prophylaxis was maintained with
intravenous Esomeprazole. Deep vein thrombosis (DVT) pro-
phylaxis was initiated using a pneumatic compression device,
with consideration of pharmacological prophylaxis once the
risk of rebleeding was sufficiently low. 

The patient’s social history, noting his married status and
nonsmoking habit, was considered in discharge planning, em-
phasizing the importance of a supportive home environment
for his recovery. Long-term follow-up was arranged to moni-
tor renal function, manage chronic hypertension and dyslipi-
demia, and assess for any late complications related to the
embolization. The patient’s expected length of stay was deter-
mined by his recovery progress, particularly the stabilization
of renal function and resolution of respiratory support needs,
ensuring a comprehensive approach to his ongoing care. 

Discussion 

Tuberous sclerosis complex (TSC) is a rare neurocutaneous au-
tosomal dominant genetic disorder characterized by a group
of benign (noncancerous) tumors that affects multiple sys-
tems. This disorder is linked to inactivating mutations in the
tumor suppressor genes TSC1 (also known as hamartin) and
TSC2 (also known as tuberin), which are located on chromo-
somes 9q34 and 16p13.3, respectively. The clinical manifesta-
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Fig. 2 – Right renal ruptured AML embolization via right femoral artery access: (A) A Cobra catheter was inserted and 

advanced to the right renal artery, where the previous coil was observed. (B) Angiography confirmed significant bleeding 
from the lower branch of the right renal artery indicated by white arrow. (C) Rapid coil embolization was performed using a 
Progreat microcatheter and a 5F catheter with 8 mm peripheral pushable coils. (D) Another bleeding source was identified 

from the superior branch of the right renal artery indicated black arrow. (E) Coil embolization was successfully completed, 
although 1 coil elongated within the right renal artery without causing occlusion. (F) The final angiogram showed no 

obvious residual bleeding. Blood supply to the kidney was primarily from the upper branch, with some supply from the 
lower branch. 

Fig. 3 – Postoperative abdominal CT scan without contrast: (A) the axial section shows a distorted right kidney with multiple 
fatty hypodense areas, consistent with multiple angiomyolipomas. (B) The coronal section shows these findings in the right 
kidney and additionally reveals a large fatty hypodense area inferior to the left kidney, also consistent with an 

angiomyolipoma. (C) A zoomed-in view of the right kidney reveals a distorted architecture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tions of TSC are variable and can range from minimal signs
and symptoms with no disabling neurological symptoms, in-
cluding renal angiomyolipomas, pulmonary lymphangiomy-
omatosis [LAM], shagreen patches, and facial angiofibro-
mas, to disabling neurological symptoms, including epilepsy,
autism, and even mental retardation that involve mainly the
central nervous system [ 10 ,11 ]. 

With an incidence of 1 in 20,000, the tuberous sclerosis
complex affects roughly 1 in 6000 to 1 in 10,000 live births. The
clinical manifestation varies substantially, typically impacting
several organs and affecting all racial groups [ 12 ]. Although ge-
netic testing can also be used to diagnose tuberous sclerosis,
clinical criteria remain the primary method of diagnosis. If a
patient meets the clinical criteria, genetic testing is not nec-
essary, although it can give other family members vital infor-
mation. 75%-95% of TSC-affected people had positive results
for mutations in TSC1 and TSC2, according to genetic testing
[ 13 ]. The diagnostic criteria for tuberous sclerosis include the
following major and minor features: major features ( Hypome-
lanotic macules ( > 2 at least 5 mm in diameter), Angiofibro-
mas ( > 2) or a fibrous cephalic plaque, Ungual fibromas ( > 1),
Shagreen patch, Multiple retinal hamartomas, Cortical dys-
plasias, Subependymal nodules, Subependymal giant cell as-
trocytoma, Cardiac rhabdomyoma, Lymphangioleiomyomato-
sis, Angiomyolipomas ( > 1) , minor features ( Confetti skin le-
sions, Dental enamel pits ( > 3), Intraoral fibromas ( > 1), Reti-
nal achromic patch, Multiple renal cysts, Nonrenal hamar-
tomas ). Patients with 2 major features or one major feature
plus at least 2 minor features are considered to have a defini-
tive diagnosis; patients with one major feature or at least 2
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minor features are considered to have a "possible diagnosis”
[ 14 ]. 

Variable expression and incomplete penetrance are hall-
marks of hereditary tuberous sclerosis complex (TSC), When
people with pathogenic mutations in the TSC1 or TSC2 genes
do not display the entire spectrum of symptoms commonly
linked to the condition, this is referred to incomplete pene-
trance. Furthermore, this can lead to late onset of symptoms
which make identification and treatment more difficult. This
delayed presentation emphasises the significance of continu-
ous monitoring and genetic counselling for people with a fam-
ily history of TSC, even if they don’t seem to be affected at first
[ 13 ,15 ]. 

Comprehensive follow-up is necessary for tuberous scle-
rosis, which frequently manifests as a wide range of multi-
systemic problems. An extensive dermatologic examination
could help detect angiofibromas early on before they de-
velop cosmetic deformities that need to be removed surgi-
cally or with laser treatment [ 11 ]. Anticonvulsants are fre-
quently necessary for tuberous sclerosis-associated seizures.
Surgery might be necessary, though, as roughly one-third of
patients experience seizures that are unresponsive to medi-
cation. Complications such as hydrocephalus may also neces-
sitate emergency neurosurgery [ 16 ]. 

TSC is known to cause renal lesions which commonly in-
clude renal cysts and Angiomyolipoma (AML), in up to 50%
and 80% of TSC patients, respectively [ 17 ]. Renal AMLs are
generally benign tumors composed of varying proportions of
blood vessels, smooth muscles, and adipose tissue [ 3 ]. AMLs
are characterized by continued growth and enlargement, lead-
ing to the development of abnormal aneurysms with a signifi-
cant risk of bleeding, especially AMLs > 3 cm and aneurysms >
5 cm. Therefore, regular monitoring of Blood pressure and re-
nal function and performing abdominal magnetic resonance
imaging (MRI) at the time of diagnosis and every 1-3 years
thereafter is required [ 3 ]. 

According to genetics, AMLs tend to be more severe and fre-
quent in patients with TSC2 mutations compared with TSC1
mutations [ 8 ]. These tumors express HMB-45 and Melan-A,
which characterize perivascular epithelioid cell tumors (PECo-
mas), therefore AML is considered a member of the PEComa
family, especially when it has a malignant behavior [ 2 ,18 ]. 

AMLs are classified as classic, fat-poor, and epithelioid.
Classic AMLs are hyperechoic, homogenous, and easily de-
tectable by contrast tomography (CT) due to their fat compo-
nent. Fat-poor has small fat components and is challenging
to diagnose, sometimes chemical shift imaging can be useful.
Epithelioid AMLs are rare, larger, and more aggressive [ 2 ] the
smooth muscle component is epithelioid, mimicking renal cell
carcinoma [ 19 ]. 

Arterial embolization should be considered for renal an-
giomyolipomas greater than 3.5 cm to prevent total nephrec-
tomy and lower the risk of renal sequelae. Nevertheless,
among tuberous sclerosis patients after partial vs total
nephrectomy, the frequency of sequelae, including chronic
kidney disease, is comparable. mTOR inhibitor therapy is re-
garded as a first-line treatment for lesions larger than 3 cm.
Renal angiomyolipoma bleeding is a cause of death for pa-
tients with tuberous sclerosis, and the recommended course
of treatment for patients who come with acute bleeding re-
nal angiomyolipomas is arterial embolization followed by cor-
ticosteroids. Recurrence after embolization is common, and
if mTOR inhibition is insufficient, surgical excision (includ-
ing nephron-sparing surgery) and vascular embolization are
second-line treatments [ 20 ,21 ]. 

Conclusion 

In conclusion, this case illustrates the complexities of manag-
ing renal angiomyolipomas in patients with tuberous sclerosis
complex (TSC), especially when accompanied by significant
comorbidities like hypertension and dyslipidemia. The suc-
cessful use of arterial embolization to control life-threatening
hemorrhage demonstrates its critical role in treating symp-
tomatic or large angiomyolipomas. The case also highlights
the importance of distinguishing TSC-related angiomyolipo-
mas from other renal masses, considering the variability in
clinical presentation and the potential for late-onset symp-
toms. Additionally, it underscores the need for a comprehen-
sive, multidisciplinary approach in managing both the acute
and long-term challenges associated with TSC, with continu-
ous follow-up and genetic counseling being vital to improving
patient outcomes. 

Patient consent 

Written informed consent was obtained from the patient’s
Himself for his anonymized information to be published in
this article. 

Ethics approval 

Our institution does not require ethical approval for reporting
individual cases or case series. 
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