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Abstract

Tuberous sclerosis complex, also known as Bourneville disease, is an 
autosomal dominant, progressive neurocutaneous disorder with vari-
able presentation and multisystem involvement. It is characterized by 
the development of benign tumors in multiple organs and tissues in 
the body, with the majority of patients having neurological involve-
ment. We report a 19-year-old adolescent, with tuberous sclerosis and 
advanced systemic involvement of the disease, presenting for surgical 
repair of an abdominal aortic aneurysm. The etiology and presenta-
tion of TS are discussed and its multisystem organ involvement is 
reviewed with emphasis on the anesthetic implications of the disease.
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Introduction

Tuberous sclerosis (TS) is an autosomal dominant disorder with 
an incidence of approximately 1 in 5,000 - 10,000 live births. 
Along with neurofibromatosis and Sturge-Weber disease, it 
represents one of the three most common of the neurocutane-
ous disorders. Presentation varies due to incomplete penetrance 
and variable expressivity. It is linked to a mutation of the tu-
berous sclerosis complex 1 (TSC1) gene on chromosome 9 or 
the TSC2 gene on chromosome 16, both of these being tumor 
suppressor genes, which code for the proteins, hamartin and tu-
berin, respectively. Genetic testing for the pathogenic TSC1 or 

TSC2 can be used to confirm the diagnosis. Recent studies have 
also demonstrated the significant role of the hamartin-tuberin 
complex in the pathogenesis of the disease through the inhi-
bition of cellular signaling mediated by the mechanistic target 
of rapamycin (mTOR), which is an important regulator of cell 
cycle progression and protein synthesis [1, 2].

TSC is characterized by the development of benign tu-
mors in multiple organs and tissues in the body with the po-
tential for malignant transformation. The majority of patients 
present with signs and symptoms related to the central nervous 
system (CNS) including seizures, cognitive deficits, learning 
disabilities, behavioral problems and psychosocial difficulties. 
Collectively, these have been termed tuberous sclerosis-asso-
ciated neuropsychiatric disorders (TANDs) [3, 4]. Dermato-
logical features include hypopigmented macules also known 
as ash-leaf spots; shagreen patches; angiofibromas involving 
malar regions of the face; “confetti-like” macules distributed 
over the extremities; distinctive brown fibrous plaque on the 
forehead; and Ungal fibromas. Characteristic CNS lesions 
include subependymal giant cell astrocytomas, glioneuronal 
hamartomas (also called cortical tubers) and subependymal 
nodules [5, 6]. Renal angiomyolipomas are frequently seen. 
TSC can also present with pulmonary involvement known as 
lymphangioleiomyomatosis (LAM) that is indistinguishable 
from diffuse interstitial fibrosis [7]. Classical cardiac involve-
ment is the rhabdomyoma, while mitral regurgitation and aortic 
aneurysms have also been reported [8-10]. Recent studies and 
reports have demonstrated an increased association of aortic 
aneurysm in patients with TSC [9, 10]. We report a 19-year-old 
patient with TSC and advanced systemic involvement of the 
disease, presenting for surgical repair of an abdominal aortic 
aneurysm. The etiology and presentation of TS are discussed 
and its multisystem organ involvement is reviewed with em-
phasis on the anesthetic implications of the disease.

Case Report

The patient was a 19-year-old, 44.8-kg adolescent, who pre-
sented for surgical repair of an abdominal aortic aneurysm 
(AAA). The AAA was initially diagnosed at 13 years of age 
on a computed tomography (CT) imaging of the abdomen and 
pelvis, and had progressively increased in diameter. Her ac-
tive medical problems included TS with advanced multisystem 
involvement including subglottic stenosis; scoliosis; lymphan-
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giectasia causing protein losing enteropathy; urinary inconti-
nence; acquired hypothyroidism and hypoparathyroidism post 
thyroidectomy; hypoalbuminemia; retroperitoneal lipoma; 
possible residual intracardiac rhabdomyoma on the mitral 
valve; deep vein thrombosis (DVT) of the superior venous 
system (on chronic prophylactic anticoagulant therapy); ane-
mia; vitamin D deficiency; and seizures with complex partial 
epilepsy and developmental delay. Her past medical history 
was significant for a cardiac rhabdomyoma; malignant chon-
droma; lymphedema of the left arm; Hurthle cell carcinoma 
of the thyroid; lymphangioma of small intestine; tethered cord 
malformation sequence; renal cysts; ureteral reflux and reac-
tive airway disease. Past surgical history included craniotomy 
for resection of a subependymal giant cell astrocytoma; resec-
tion of a chondroma of the coccyx; incision and drainage of 
a perineal abscess; total thyroidectomy; insertion of a single 
lumen central venous port; and thoracoscopy with partial pleu-
rectomy for recurrent accumulation of chylous fluid. Preop-
erative laboratory investigations showed an international nor-
malized ratio (INR) of 1.2, prothrombin time of 14.7 s and 
activated partial thromboplastin time (aPTT) of 29 s. Renal 
function tests and electrolytes were within normal limits with a 
blood urea nitrogen (BUN) of 14 mg/dL and creatinine of 0.48 
mg/dL. The hematocrit was 33% and the hemoglobin was 11.2 
g/dL. Echocardiography demonstrated a small echogenic area 
in the anterolateral mitral valve papillary muscle suggestive 
of a residual rhabdomyoma, with normal cardiac anatomy and 
ventricular function. The most recent CT angiography of the 
abdomen and pelvis demonstrated the AAA with associated 
stenosis of the infrarenal abdominal aorta above the aneurysm. 
The aneurysm had increased in size compared to previous im-
aging, performed a year ago. There was high-grade stenosis 
or complete occlusion of the abdominal aorta at the inferior 
margin of aneurysm with no apparent connection between 
the aneurysm and the common iliac arteries. The iliac arteries 
were very small but patent, with normal branching. The im-
aging also demonstrated a stable retroperitoneal lipoma with 
mass effect on the inferior vena cava, which might have also 
been contributing to the severe stenosis of the aorta below the 
aneurysm. Allergies included loratidine, diphenhydramine and 
iron dextran complex. Current medications included warfarin 
(2 mg, once daily), albumin 25% intravenous injection (once 
a week), levothyroxine (300 µg, once daily), calcium supple-
ments (1,000 mg, three times a day), calcitriol (0.75 µg, once 
daily), ergocalciferol oral drops (40,000 units daily), pred-
nisone (2.5 mg, prior to intravenous immunoglobulin or sodi-
um ferric gluconate), lamotrigine (150 mg, twice daily), nore-
thindrone (5 mg, once daily), enalapril (2.5 mg, once daily), 
albuterol inhalational solution (2.5 mg, inhaled by nebulizer as 
needed), diazepam (5 mg, once daily), ferrous fumarate (325 
mg, once daily), trimethoprim-sulfamethoxazole (twice a day 
on Saturday and Sunday), loperamide (2 mg, up to 4 doses/
day), ascorbic acid (500 mg, once daily), desloratidine (5 mg, 
once daily), ranitidine (300 mg, twice daily), lactobacillus pro-
biotics and multivitamin supplements.

Physical examination demonstrated a Mallampati class I 
airway, history of subglottic stenosis with no symptoms at rest 
and right upper extremity restriction due to chronic lymphedema 
with use of a compression sleeve. The remainder of the physi-

cal examination and preoperative vital signs were unremark-
able. The anesthetic assessment and plan included an American 
Society of Anesthesiologists (ASA) physical classification III 
with a plan for a general anesthesia with invasive hemodynam-
ic monitoring. The anesthetic plan, risks and benefits of general 
and regional anesthesia were discussed with the parent, and in-
formed consent was obtained. Warfarin and enalapril were held 
7 days and 1 day prior to the surgery, respectively. The patient 
was held nil per os for 8 h and transported to the operating room. 
After arrival in the operating room, the patient was placed in the 
supine position and routine ASA monitors were placed. The pa-
tient was allowed to breathe 70% nitrous oxide in oxygen for 3 
min followed by placement of two peripheral intravenous cath-
eters (14- and 20-gauge) using ultrasound guidance. Propofol 
(180 mg), lidocaine (40 mg), fentanyl (100 µg) and rocuronium 
(50 mg) were administered intravenously followed by direct la-
ryngoscopy. The patient’s trachea was intubated with a 4.0 mm 
cuffed endotracheal tube (ETT) as a 4.5 mm ETT could not be 
placed to the pre-existing subglottic stenosis. A 22-gauge arte-
rial line was placed under aseptic conditions in the right radial 
artery. Maintenance anesthesia included sevoflurane (2-3%) in 
air/oxygen and intermittent doses of ketamine (0.2 mg/kg every 
1 - 2 h). Neuromuscular blockade was provided by intermittent 
doses of rocuronium. Intraoperative electrolyte and acid-base 
status were intermittently monitored and sodium bicarbonate 
and calcium chloride were administered as needed to maintain 
homeostasis. Intraoperative antibiotic prophylaxis included ce-
fazolin. Additional intraoperative medications included dexa-
methasone (12 mg) and heparin (6,000 units) prior to aortic 
cross-clamping.

The procedure involved open repair of the AAA with place-
ment of an 8-mm polytetrafluoroethylene graft, sewn from the 
infrarenal aorta to its bifurcation. Following placement, there 
was Doppler confirmation of bilateral signals in the posterior 
tibial and the common femoral arteries. The procedure lasted 
approximately 7 h and progressed without incident. Total flu-
ids included 5% albumin (875 mL), 900 mL of normal saline 
and one unit of packed red blood cells. Intraoperative urine 
output was 155 mL and blood loss was 700 mL. Prior to com-
pletion of the surgical procedure, hydromorphone (total dose 
of 0.7 mg) and acetaminophen (600 mg) were administered 
followed by nurse-controlled analgesia with hydromorphone. 
Residual neuromuscular blockade was reversed with sugam-
madex (200 mg) and the patient’s trachea was extubated after 
the return of normal spontaneous ventilation with an adequate 
tidal volume. The patient was transported to the cardiothoracic 
intensive care unit (CTICU) in stable condition, where she re-
mained for 2 days for postoperative hemodynamic monitoring. 
Enalapril was re-started on the second postoperative day for 
control of hypertension. She was discharged home a week lat-
er, with follow-up appointments by hematology and vascular 
surgery after 1 and 3 weeks, respectively. Her post-discharge 
course was unremarkable.

Discussion

Aneurysmal diseases in children can be characterized as true 
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aneurysms associated with arterial infections, giant cell aorto-
arteritis, autoimmune connective tissue disease, Kawasaki’s 
disease, Ehlers-Danlos syndrome or Marfan’s syndrome, 
other forms of non-inflammatory medial degeneration, arte-
rial dysplasias, congenital-idiopathic factors, as well as false 
aneurysms associated with extravascular events causing vessel 
wall injury or disruption. Although not often considered as a 
distinctive feature of TS, there have been reports of AAAs be-
ing an associated disorder, and are seemingly more common 
than stenotic diseases [9, 10]. The diameter of a normal aorta 
varies with age, gender and body habitus, but for the majority 
of the patients an infrarenal aorta with diameter ≥ 3 cm is con-
sidered as aneurysmal and may require surgical intervention 
[11]. In TS, the pathogenesis of aortic aneurysm formation has 
been proposed to be the result of a defect in the connective 
tissue, similar to the loss of elastin fibers as seen in Marfan’s 
syndrome [12]. Rolfes et al noted an association of TSC with 
fibromuscular disease and suggested that vascular dysplasia/
hyperplasia may be a manifestation of underlying hamartoma-
tous formation of the vasculature [13].

Aortic aneurysms are often classified relative to their 
relationship with the renal vessels, with infrarenal being the 
most common point of origin. Presentation may vary from 
asymptomatic to primary clinical features such as abdominal/
back pain, palpable pulsatile abdominal masses or secondary 
symptoms arising from limb ischemia or compression leading 
to renovascular hypertension and bowel obstruction. Rupture 
is the most fatal complication, presenting with severe pain, 
hypotension and cardiovascular collapse [13]. Detailed physi-
cal examination with complete peripheral arterial vasculature 
assessment, along with diagnostic tests such as ultrasonogra-
phy or CT imaging, can provide a diagnosis prior to clinical 
presentation. Management varies depending on the presenta-
tion and size of the aneurysm as well as the progress of the an-
eurysmal dilatation. Options for intervention range from open 
surgical or endovascular repair to conservative management 
with regular surveillance and assessment of an asymptomatic 
non-ruptured aneurysm. Joswiak et al proposed the possible 
application of non-surgical treatment of TS with rapamycin 
[14]. Rapamycin, also known as sirolimus, is an antibiotic 
derived from a bacterium (Streptomyces hygroscopicus). It 
is used as an immunosuppressive agent in organ transplanta-
tion. It normalizes the dysregulated mTOR pathway in cells 
deficient in either wild-type TSC1 or TSC2, and has resulted 
in beneficial therapeutic effects in patients with astrocytomas, 
lymphangioleiomyomatosis and renal angiomyolipomas. Fur-
ther studies are needed to assess the effectiveness of this drug 
in preventing the development of other manifestations of TSC 
[15-17].

Patients with TSC may present for surgical treatment of 
the various associated disorders associated with the primary 
disease process. As with any surgical intervention, care be-
gins with a thorough pre-anesthetic evaluation to identify 
the end-organ impact of the primary disease. Since behavio-
ral problems and cognitive deficits are often concomitantly 
seen in these patients, communication and evaluation can be 
challenging during the perioperative course. Preoperative 
investigation should be guided by the past medical history 
and include a chest radiograph, 12-lead electrocardiogram 

and echocardiography to rule out anatomical cardiac lesions 
(cardiac rhabdomyoma) and conduction defects. Preopera-
tive laboratory investigation should include a complete blood 
count, coagulation function with platelet count, renal and 
hepatic function tests, serum electrolytes and anticonvulsant 
medication levels. Routine anticonvulsant medications should 
be administered throughout the perioperative period, on the 
morning of the procedure, with subsequent intraoperative and 
postoperative dosing as needed [18]. Pre-medication with a 
benzodiazepine (oral midazolam) or intranasal dexmedetomi-
dine may help reduce anxiety and facilitate inhalational in-
duction as needed. Parental presence in the operating room 
may assist with the care of the child during anesthetic induc-
tion and may further reduce anxiety. Based on the patient’s 
associated co-morbid conditions, placement of a peripheral 
intravenous cannula with intravenous induction may be cho-
sen as was done for our patient. This was easily accomplished 
with nitrous oxide sedation and topical analgesia. Intravenous 
induction agents such as propofol can be used in the absence 
of significant cardiac involvement, with consideration of the 
use of etomidate if myocardial contractility is affected. Sevo-
flurane and nitrous oxide may be used for inhalational induc-
tion with various options available for maintenance anesthe-
sia (volatile-anesthetic based or total-intravenous anesthesia 
with propofol-remifentanil or sufentanil) depending on the 
patient’s hemodynamic status and the duration of the case. 
In the adult population, anecdotal reports have demonstrated 
the safe and effective implementation of regional or neuraxial 
anesthetic techniques with a shorter length of stay and lesser 
rates of cardiopulmonary morbidities [19-21].

Oral manifestations of TSC include dental enamel pit-
ting, gingival fibromas, gingival hyperplasia, hemangiomas, 
nodular tumors, papillomas, pseudocystic lesions of the man-
dible and thickening of the alveolar bone. Airway management 
may be challenging due to the presence of oropharyngeal or 
laryngeal tumors obscuring the larynx and interfering with 
endotracheal intubation for anesthetic management of airway. 
Tongue base hamartomas necessitating fiber-optic intubations 
have also been reported [22, 23]. In our patient, history and 
physical examination did not reveal any concerns for airway 
management.

Various CNS lesions have been described in TSC includ-
ing giant cell astrocytomas, cortical tubers and subependymal 
nodules. At times, these may be asymptomatic. Preoperative 
review of previous CNS imaging is indicated. These CNS le-
sions may enlarge and present with features suggestive of hy-
drocephalus with focal neurological deficits, increased intrac-
ranial pressure, seizures and behavioral disorders [6].

Cardiac signs and symptoms may be due to anatomical 
lesions (cardiac rhabdomyoma) or associated conduction and 
rhythm disturbances (atrial and ventricular tachycardia, su-
pra-ventricular fibrillation and complete heart block). Recent 
studies have demonstrated the association of TSC with Wolf-
Parkinson-White syndrome. Routine preoperative 12-lead 
electrocardiography and echocardiography is suggested along 
with continuous intraoperative electrocardiography [24]. De-
pending on the patient’s clinical history, monitoring of lead II 
and V5 may be indicated to increase arrhythmia identification. 
The association of mitral valve regurgitation and thoracic/ab-
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dominal aneurysms has been in TSC. Echocardiography and 
magnetic resonance imaging (MRI) are important non-inva-
sive investigations for identification of these anatomical ab-
normalities especially when patients are asymptomatic [8-10].

Pulmonary involvement is rare in TSC, but can present 
with LAM and multifocal micronodular pneumocyte hyperpla-
sia (MMPH), with symptoms including dyspnea, hemoptysis, 
recurrent pneumothorax and pulmonary hypertension. LAM 
is characterized by abnormal proliferation of smooth muscle 
cells, leading to cystic lung lesions and spontaneous pneumo-
thorax [7, 25]. As indicated by the history and physical exami-
nation, chest radiography and pulmonary function testing may 
be indicated. Intraoperatively implementation of appropriate 
lung protective measures may be indicated in patients with 
pulmonary parenchymal involvement [26].

In summary, various anecdotal reports have noted the as-
sociation of aortic aneurysms in patients with TSC (Table 1) 
[9, 10, 12, 13, 27-29]. Early and periodic screening for aortic 
aneurysms in patients with TSC can help establish an early 
diagnosis, identify progression and offer timely surgical inter-
vention to prevent complications. As noted in the anecdotal 
reports, surgical intervention is generally effective in resection 
of the aneurysm and prevention of late complications includ-
ing rupture. In addition to the usual anesthetic concerns in-
volved with AAA resection, preoperative identification and 
optimization of end-organ involvement of TSC may facilitate 
the perioperative care of these patients [30-32].
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