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Background: Pheochromocytoma and paraganglioma (PPGL) pose significant perioperative challenges in pediatric populations due to catecholamine-driven hemodynamic instability. This study systematically evaluates perioperative management strategies—including preoperative optimization, intraoperative protocols, and postoperative monitoring—to establish evidence-based guidance for improving outcomes in pediatric PPGL surgery.



Methods: A single-center retrospective cohort study was conducted at a tertiary specialty hospital from January 2014 to October 2023. Clinical data from eight pediatric PPGL patients undergoing surgical resection were analyzed alongside a synthesis of contemporary literature and consensus guidelines.



Results: All eight patients received multimodal antihypertensive therapy (phenoxybenzamine, propranolol, and/or calcium channel blockers) for preoperative blood pressure control, achieving normotensive thresholds (<130/80 mmHg). Intraoperative hemodynamic stability was maintained through invasive arterial monitoring and targeted fluid resuscitation, with no hypertensive crises or arrhythmias reported. Postoperatively, normalized urinary vanillylmandelic acid (VMA) levels and blood pressure confirmed biochemical remission. During a median follow-up of 4.5 years (range 7 months–7 years), no instances of tumor recurrence or metastasis were identified.



Conclusions: Protocolized perioperative care incorporating α-adrenergic blockade, real-time hemodynamic monitoring, and comprehensive biochemical surveillance ensures safe tumor resection and mitigates surgical risks in pediatric PPGL. These findings underscore the importance of multidisciplinary coordination and long-term follow-up to optimize outcomes in this rare pediatric cohort.
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1 Introduction

Pheochromocytoma (PCC) is a rare neuroendocrine tumor that originates in the adrenal medulla, while paraganglioma (PGL) arises from the extra-adrenal sympathetic nervous system (1). Together, these tumors are known as pheochromocytoma and paraganglioma (PPGL). These tumors are characterized by the excessive production of catecholamines, including dopamine, epinephrine, and norepinephrine, which result in clinical manifestations such as hypertension, tachycardia, and hypermetabolism (2, 3). Such alterations in the body's physiology can lead to life-threatening complications, including cardiomyopathy, stroke, renal failure, and vascular damage.

In pediatric populations, PPGL presents a particularly challenging perioperative management condition due to the heightened risk of hemodynamic instability. Effective perioperative management strategies aimed at controlling blood pressure and stabilizing cardiovascular function are critical in reducing intraoperative and postoperative complications. By optimizing preoperative blood pressure, controlling intraoperative fluctuations, and ensuring appropriate postoperative monitoring, surgical outcomes can be significantly improved. This paper retrospectively reviews the clinical data of pediatric PPGL patients treated at a specialty hospital in recent years, and also examines the current literature on perioperative management to provide evidence-based recommendations for optimizing care in this rare and high-risk group.



2 Methods


2.1 Clinical data

Clinical data were retrospectively collected from pediatric patients diagnosed with PPGL at a tertiary specialty hospital. The collected data included the patients' age, gender, weight, tumor location, highest blood pressure during the course of the illness, morning blood pressure on the day of surgery, 24 h urine vanillylmandelic acid (VMA) levels, blood concentrations of methoxyepinephrine and methoxynorepinephrine, preoperative medication regimens, rehydration status, and American Society of Anesthesiologists (ASA) classification.



2.2 Perioperative antihypertensive management

In our institution, perioperative management of PPGL begins once the diagnosis is confirmed. We integrate the child's medical history, clinical symptoms, laboratory tests, and imaging studies to develop a personalized antihypertensive plan. Initially, we start with phenoxybenzamine (0.2–0.25 mg/kg/day) and adjust the dosage based on blood pressure response, with a maximum dose of 2–4 mg/kg/day or 60 mg/day. In cases where the heart rate increases by more than 30% above the normal range for age during blood pressure reduction, β-blockers such as short-acting propranolol or long-acting metoprolol may be introduced to further control blood pressure. To mitigate the effects of catecholamine-induced vasoconstriction and prevent hypovolemia, a high-sodium diet and increased fluid intake are recommended during the perioperative period. If blood pressure remains inadequately controlled, calcium channel blockers can be added to the regimen, and dexmedetomidine hydrochloride may be used to alleviate anxiety during hospitalization (4–6). The specific recommended dosages and potential adverse effects of the preoperative antihypertensive medications are summarized in Table 1.



TABLE 1 Commonly used medications for preoperative management of hypertension in PPGL (9, 22, 28, 32).



	Drug
	Mechanism
	Dosage
	Side effects





	Phenoxybenzamine
	Non-selective α1 and α2 blocker
	0.2–0.25 mg/kg/d (max 10 mg/dose)Max, 2–4 mg/kg/d (60 mg/d)
	OrthostasisNasal congestionReflex tachycardia



	Doxazosin
	Selective α1 blocker
	1–2 mg/d up to 2–4 m/dMax, 4–16 mg/d, Q12H
	OrthostasisDizziness



	Prazosin
	Selective α1 blocker
	0.05–0.1 mg/d, Q8HMax, 0.5 mg/kg/d Q8H (20 mg/d)
	OrthostasisDizziness



	Terazosin
	Selective α1 blocker
	1 mg/d up to 1–4 mg/dMax, 20 mg/d
	OrthostasisDizziness



	amlodipine
	Dihydropyridine calcium channel blocker
	0.1 mg/kg/d QDMax, 0.5–0.6 mg/kg/d or 10 mg/d
	HeadacheEdemaPalpitations



	Metyrosine
	Tyrosine hydroxylase inhibitor
	20 mg/kg/d, Q6H, or 125 mg/d, up to 60 mg/kg/d, max, 2,500 mg/d
	LethargyExtrapyramidalDiarrheaRarely crystalluria



	Propranolol
	Non-selective β1 and β2 blocker
	1–2 mg/kg/d, Q6H-Q12H, up to 4 mg/kg/d Q6H-Q12HMax, 640 mg/d
	DizzinessAsthma flare-up



	Atenolol
	Selective β1 blocker
	0.1–1 mg/kg/d, QD, up to 2 mg mg/kg/d QDMax, 100 mg/d
	DizzinessFatigue



	Metoprolol
	Selective β1 blocker
	1–2 mg/kg/d QDMax, 200 mg/d
	DizzinessFatigue







As there are currently no specific guidelines or expert consensus on PPGL management in children, preoperative preparation standards are still based on adult protocols published by Roizen (7). These standards include: ① maintaining blood pressure at ≤160/90 mmHg 24 h prior to surgery, with permissive orthostatic hypotension defined as >80/45 mmHg; ② ensuring blood volume recovery, indicated by decreased hematocrit, weight gain, warm extremities, and improved microcirculation; ③ improvement in hypermetabolism syndrome and abnormal glucose metabolism; and ④ no ST-T changes in ECG for at least one week, with no more than one premature ventricular contraction every five minutes (2, 8).



2.3 Intraoperative anesthetic and hemodynamic management

Once preoperative preparation is complete, general anesthesia is performed with tracheal intubation and nerve block, using sevoflurane to maintain a MAC value of 1.5–2.0. Invasive arterial access is established for real-time blood pressure monitoring, and the internal jugular vein is cannulated for central venous pressure (CVP) monitoring and infusion of vasoactive drugs. Two peripheral veins are also prepared for fluid resuscitation. During the procedure, dexmedetomidine hydrochloride, phentolamine mesylate, remifentanil hydrochloride, and propofol are administered to maintain blood pressure. In cases of hypertension, phentolamine and esmolol are continuously infused to control blood pressure. Following ligation of the tumor veins, antihypertensive drug infusions are discontinued, and colloids are administered to maintain volume status. In the event of hypotension, epinephrine or norepinephrine is infused based on preoperative laboratory results, and arterial blood is drawn for blood glucose monitoring. Methylprednisolone infusion may also be employed as necessary. The recommended drug regimens and dosages during the procedure are summarized in Table 2. Postoperatively, routine monitoring of blood pressure, blood glucose, and hormone levels is conducted. Glucocorticoids or mineralocorticoids are supplemented as indicated, and urinary vanillylmandelic acid (VMA) levels are re-evaluated.



TABLE 2 Medications used in intraoperative hypertension management in pediatric PPGL.



	Drug
	Mechanism
	Dosage
	Side effects





	Sodium nitroprusside
	Vasodilator
	0.3–0.5 mcg/kg/minMax: 10 mcg/kg/min
	Risk of cyanide toxicity and severe hypotension



	Nicardipine
	Calcium channel blocker
	0.5–1 mcg/kg/minMax: 4–5 mcg/kg/min
	Beneficial for control of coronary vasospasm and tachyarrhythmia



	Esmolol
	Selective β1 antagonist
	500–600 mcg/kg/min over 1 min, followed by infusion of 25–100 mcg/kg/minMax: 500 mcg/min
	Very short acting; side effects include bradycardia and risk of AV block



	Labetalol
	Combined α and β blocker
	0.25–3 mcg/kg/hourMax: 3 mcg/kg/hour
	Side effects include dizziness and orthostatic hypotension



	Magnesium sulfate
	Vasodilator, inhibits catecholamine release
	Loading dose: 40–60 mg/kg over 10 minInfusion: 15–30 mg/kg/hour
	Use with caution in those with neuromuscular disease



	Dexmedetomidine
	Central α2 agonist
	Loading dose: 0.5–1 mcg/kg/dose over 10 minInfusion: 0.2–0.5 mcg/kg/hour
	Side effects include respiratory depression and bradycardia









TABLE 3 Clinical profile of children with PPGL (N = 8).



	Case
	Age (year)
	Sex
	Weight (kg)
	Symptoms
	MAX BP (mmHg)
	On-day BP (mmHg)
	Diagnosis
	VMA in Urine (mg/24 h)
	Methoxy-epinephrine in blood (pg/ml)
	Methoxynor-epinephrine in blood (pg/ml)





	1
	11
	M
	35
	Dizziness
	180/130
	146/105
	PGL
	29.3
	20.3
	4863.2



	2
	9
	M
	20
	Blurred vision
	230/200
	120/75
	PCC
	29.6
	21.7
	5148.2



	3
	8
	M
	48
	Examination revealed a mass
	170/140
	140/71
	PCC
	20.3
	19.7
	6226.3



	4
	12
	F
	34
	Headache
	150/100
	122/62
	PGL
	15.5
	56.2
	3346.3



	5
	12
	M
	52
	Dizziness
	180/110
	110/62
	PGL
	23.9
	23.3
	4209.4



	6
	13
	M
	55
	Abdominal pain
	170/120
	122/62
	PGL
	31.6
	184.8
	44,503



	7
	12
	M
	44
	Dizziness
	160/90
	126/75
	PCC
	19.5
	55.5
	2299.1



	8
	14
	M
	80
	Dizziness
	150/90
	116/69
	PCC
	20.7
	62.6
	6,193










3 Results


3.1 General clinical data of the patient

Clinical data were collected from eight pediatric patients (Table 3), Cases 1, 4, 5, and 6 were diagnosed with PGL, while Cases 2, 3, 7, and 8 were identified as PCC. The patients' ages ranged from 8 to 14 years, and their symptoms included dizziness, headache, blurred vision, and abdominal pain. Blood pressure measurements varied significantly, with the highest preoperative systolic/diastolic readings ranging from 150/90 mmHg to 230/200 mmHg. Urinary VMA levels ranged from 15.5 to 31.6 mg/24 h, and blood methoxyepinephrine and methoxynorepinephrine levels also varied widely across the cases. Cases 2 and 7 refer to the same patient (9), diagnosed with PCC, presented with the highest levels of catecholamine metabolites in the blood.



3.2 Postoperative results and follow-up

Case 1: A pediatric patient was diagnosed with multiple PGL, located on the bladder roof and left iliac vessel wall, in conjunction with an abdominal aortic malformation (Figure 1). The patient was treated with oral phenoxybenzamine to control blood pressure, reaching the maximum dose of 60 mg/day, and propranolol was added to manage heart rate. Blood pressure, heart rate, and hematocrit were optimized to within surgical thresholds before proceeding with surgery. During the operation, the bladder tumor was successfully resected, and intraoperative exploration revealed that the tumor on the left iliac vessel wall did not affect the circulation, so a biopsy was performed instead of resection. Postoperative pathology confirmed that the bladder tumor was a secretory paraganglioma, while the tumor on the iliac vessel wall was non-secretory. The patient has been followed up regularly for 7 years, with no evidence of recurrence or metastasis.


[image: CT scan images labeled as A and B showing transverse sections of the pelvic region. Image A displays the bladder, bladder masses, and rectum with a measurement of forty point thirty-six millimeters. Image B also highlights the bladder, masses, iliac vessels, and rectum with a measurement of seventeen point ninety-four millimeters.]
FIGURE 1
Enhanced pelvic CT of a child with pheochromocytoma. (A) Mass at the top of the bladder, (B) Mass on the wall of the left iliac vessels.).


As previously reported, Case 2 had a complex clinical presentation. Comprehensive clinical details of this patient were provided in our previously published article in Frontiers in Pediatrics (9). The child presented with bilateral adrenal masses, with the left tumor measuring approximately 40 mm and the right tumor 12 mm in diameter (Figure 2A). Pheochromocytoma was diagnosed based on the patient's medical history, blood tests, and imaging studies. Initial treatment involved beta-blockers, phentolamine, and phenoxybenzamine to control blood pressure. During the perioperative period, the patient developed multiple complications, including fever, diarrhea, pulmonary infiltrates, and hepatic dysfunction characterized by elevated transaminases (ALT 134 U/L, AST 233 U/L), hypoalbuminemia (22 g/L), and electrolyte imbalances (Na+ 129 mmol/L, K+ 3.2 mmol/L, Cl− 90 mmol/L, Mg2+ 0.57 mmol/L). Coagulation abnormalities were noted, with a prolonged PT (25.8 s) and aPTT (45.7 s). The patient subsequently developed polyuria and left femoral vein thrombosis, with worsening electrolyte disturbances secondary to persistent polyuria. An emergency resection of the right adrenal tumor was performed, which was confirmed as pheochromocytoma by pathological examination. During perioperative management, the patient developed diabetes insipidus, evidenced by low urine osmotic pressure and low blood osmotic pressure, with brain and pituitary MRIs showing no abnormalities. Multidisciplinary consultation led to addressing the metabolic disruption may cause by adrenal gland space occupation. Despite mineralocorticoid supplementation, the patient's condition worsened, prompting emergency resection of the adrenal tumor. The operation was performed with colloids and crystalloid fluids, and no further episodes of diabetes insipidus occurred. Oral mineralocorticoid therapy was continued for three months postoperatively. Three years later, follow-up imaging revealed enlargement of the left adrenal tumor (Figure 2B). Genetic testing identified a heterozygous mutation in the VHL gene, confirming a diagnosis of Von Hippel-Lindau (VHL) syndrome. To achieve adequate blood pressure control, the patient received a combination of phenoxybenzamine (initiated at 10 mg and titrated to 20 mg every 12 h), amlodipine (5 mg once daily), and metoprolol (25 mg once daily). In addition, dietary sodium intake was increased over approximately three weeks to facilitate plasma volume expansion. The left adrenal tumor was resected laparoscopically. One year post-surgery, the patient's blood pressure had returned to near-normal levels.


[image: CT scan images labeled A and B showing cross-sections of the abdomen. Both images highlight adrenal masses with red arrows. Image A shows masses on the left and right, while image B shows a mass on the left with measurements indicated.]
FIGURE 2
Contrast-enhanced CT image of a child with pheochromocytoma. (A) bilateral adrenal masses, with the left 40 mm and the right 12 mm at the first hospitalization, (B) The left adrenal mass measures 39 mm in diameter).


Case 3 (10) involved a pediatric patient who was initially found to have hypertension and a right adrenal mass, and was subsequently diagnosed with pheochromocytoma. Following standardized perioperative management, the patient underwent a robotic-assisted laparoscopic adrenal tumor resection. Intraoperative blood pressure fluctuations were minimal, and the procedure was uneventful. Postoperatively, the patient was transferred to the SICU for continued monitoring. During follow-up, urinary VMA levels, as well as catecholamine metabolites in blood and urine, were all within normal limits. Blood pressure returned to normal, and abdominal ultrasound revealed no evidence of tumor recurrence.

Cases 4–8: In these patients, tumors were incidentally discovered during routine imaging for hypertension or unrelated symptoms. Preoperative management included phenoxybenzamine and propranolol for blood pressure control, along with increased daily oral fluid intake. Dexmedetomidine hydrochloride was used to reduce preoperative anxiety. Intraoperatively, blood pressure remained stable, with minimal fluctuations and no hypertensive crises. Following tumor resection, norepinephrine was administered as needed to maintain blood pressure but was discontinued by the end of the operation. No additional hormone supplementation was required postoperatively. During follow-up periods ranging from 4 months to 1 year, all patients demonstrated satisfactory blood pressure control, with no evidence of tumor recurrence or metastasis. Postoperative urinary vanillylmandelic acid (VMA) levels for all patients returned to normal ranges, indicating effective biochemical remission.




4 Discussion

PPGL is a rare neuroendocrine tumor with an annual incidence of approximately 1 in 300,000, with 20% of cases diagnosed in children and adolescents. Among these diagnoses, PCC accounts for about 80%–85%, while PGL represents around 15%. The prevalence of PPGL is estimated to be between 0.2% and 0.6% in adults with hypertension, rising to 1.7% in the pediatric population with hypertension (11). The clinical manifestations and perioperative management of PPGL in children are similar to those in adults (8). Recent pediatric studies indicate that up to 40% of PPGL cases are associated with germline mutations (e.g., VHL, SDHB), and malignancy rates exceed 20% in children, underscoring the need for genetic screening (1, 4, 12). In contrast, about 66% of pediatric cases are PGL, 24% are bilateral, 80% have a family history or present with symptoms, and 50% exhibit metastases. Given these statistics, diligent follow-up is particularly important for children with PPGL (13, 14). Common symptoms of PPGL include headaches, palpitations, and sweating, characterized by paroxysmal hypertension and hypovolemia. Most children require blood pressure control and fluid management prior to surgery. Guidelines recommend long-term follow-up for PPGL patients, particularly those with hereditary tumors, including regular monitoring of blood catecholamine levels and genetic testing to assess the risk of recurrence or metastasis (3, 8, 15, 16). Case 2, which is associated with a VHL gene mutation, had a tumor primarily secreting norepinephrine. The tumor was located bilaterally in the adrenal glands, and postoperative follow-up revealed progressive enlargement, consistent with previous reports (17).

Cases 1 and 2 received low-dose phenoxybenzamine for blood pressure control, while cases 3 to 8 were administered slightly higher doses. Postoperative hospital stays were significantly shorter for these later cases; however, due to the small sample size, no statistical analysis was performed. A small retrospective study indicated that among patients with PPGL undergoing surgical treatment, the incidence of intraoperative hemodynamic instability and postoperative hypotension was 69.3% and 31.6%, respectively (18). Effective perioperative management can reduce the occurrence of adverse events during surgery. The duration of α-receptor blocker administration was identified as the sole predictive factor for intraoperative hemodynamic instability, while elevated preoperative urinary metanephrine levels and heart rates were predictive of postoperative hypotension (18). Conversely, some studies suggest that α-receptor blockers may contribute to orthostatic hypotension and intraoperative or postoperative hypotension, raising safety concerns. A dual-center retrospective study found no significant differences in postoperative complications between groups receiving and not receiving α-receptor blockers; however, the former had a lower likelihood of requiring ICU admission (0% vs. 73.5%) and shorter hospital stays (19).

Nevertheless, multiple guidelines continue to recommend phenoxybenzamine as the first-line perioperative agent for PPGL (19). A multicenter randomized controlled trial compared adverse events associated with phenoxybenzamine and doxazosin during perioperative management of PPGL. The total duration of intraoperative blood pressure exceeding predetermined target levels did not differ significantly between those receiving preoperative phenoxybenzamine and doxazosin; however, phenoxybenzamine was found to be more effective in preventing intraoperative hemodynamic instability (20). Additionally, phenoxybenzamine reduced preoperative preparation time compared to doxazosin (18.3 vs. 38.8 days), but no significant differences were observed in hemodynamic fluctuations during surgery or in the incidence of postoperative hypotension (21). A retrospective analysis of 105 PPGL patients indicated that the use of calcium channel blockers alone could not prevent intraoperative hemodynamic fluctuations; however, their perioperative use was associated with a reduced risk of mortality (6). It is recommended that calcium channel blockers be considered for patients with normal or mildly elevated blood pressure, particularly those who experience severe side effects from α-receptor blockers (22). The perioperative administration of amlodipine effectively replaces prazosin in preventing intraoperative hemodynamic instability in pheochromocytoma cases. The frequency and duration of hypertension were higher in the prazosin group compared to the amlodipine group, while there were no significant differences in the occurrence and duration of hypotension between the two groups (23).

The study indicated that the incidence of PPGL increased by 4.8 times from 1977 to 2015. Among the patients examined, 21.2% (40 out of 189) exhibited the classic triad of headache, sweating, and palpitations, while the proportion of asymptomatic PPGL patients was notably higher at 32.3% (61 out of 189). This suggests that the absence of paroxysmal symptoms does not exclude the possibility of catecholamine-secreting PPGL (24). In asymptomatic PPGL patients with functionally active tumors, catecholamine levels are generally lower compared to symptomatic patients. This is likely due to reduced expression of multiple genes involved in catecholamine synthesis. Therefore, perioperative management should routinely include blood pressure control and fluid management based on the characteristics of functional PPGL. For asymptomatic PPGL patients without secretory function, preoperative treatment decisions should involve multidisciplinary consultation, as there are currently no established guidelines or consensus on this matter (22, 25, 26). Although all PPGL patients underwent perioperative preparation before surgery, the study found that the risk of complications and mortality following elective surgery was significantly lower than that associated with emergency surgery (27).

The goals of perioperative management for PPGL are to normalize blood pressure and heart rate, restore effective circulating blood volume, improve metabolic status, reduce catecholamine storms, and stabilize intraoperative hemodynamics (22, 28). During this period, α-receptor blockers typically restore only about 60% of blood volume in PPGL patients. Consequently, guidelines recommend a high-sodium diet (approximately 5,000 mg per day) and increased fluid intake, with rehydration therapy of 2,500–3,000 ml/m2 of body surface area to minimize intraoperative blood pressure fluctuations (5, 13, 28, 29). In cases 3 to 8, children were instructed to increase fluid intake after starting blood pressure reduction with phenoxybenzamine, supplemented with intravenous crystalloids three days prior to surgery, achieving a total intake of 2,500 ml/m2. In 2007, the Endocrine Society recommended that preoperative control goals for adults include blood pressure below 130/80 mmHg and a heart rate of 60–70 beats/min while sitting, with blood pressure not dropping below 80/45 mmHg and a heart rate of 70–80 beats/min while standing. However, children are not simply small adults; their wide age range results in significant variability in normal blood pressure values across developmental stages. Therefore, individualized, pediatric-specific hemodynamic targets should be established (5, 30). Post-tumor resection, hypotension is a common complication. If systolic blood pressure drops below 80 mmHg for more than 10 min, 500–1,000 ml of colloid and 3–9 mg of ephedrine may be infused. If this is ineffective, epinephrine, norepinephrine, or 10 mg/kg of methylprednisolone can be administered (6).

Future studies should focus on larger cohorts and include genetic screening to better understand the hereditary aspects of PPGL in pediatric patients (28, 31). Surgical resection remains the cornerstone of PPGL treatment (1); however, hemodynamic instability and postoperative hypotension can pose significant risks to patient safety. Accurate and comprehensive recording of minute-by-minute vital sign data during surgery, as well as electronic medical records and medication administration in the intensive care unit, is crucial to mitigate the impact of confounding factors in retrospective analyses. Moreover, it is essential to recognize the potential for this rare tumor in children presenting with hypertension. Pediatric surgeons should collaborate with endocrinologists and anesthesiologists to develop individualized diagnostic and treatment plans, aiming to prevent intraoperative and postoperative complications. Symptom presentation is particularly critical in pediatric patients, as they generally lack the comorbidities commonly observed in adults and exhibit greater physiological compensatory capacity, potentially leading to atypical clinical manifestations. In light of the unique challenges associated with pediatric PPGL, we strongly advocate for the establishment of evidence-based guidelines or expert consensus to guide clinical practice. These resources would enhance the quality and consistency of care provided to affected children.

Therefore, multidisciplinary and individualized approaches should be prioritized for children with PPGL. Given the lack of established guidelines for pediatric PPGL, multicenter collaboration is needed to enhance outcomes for these patients.



5 Conclusions

In conclusion, effective perioperative management and multidisciplinary collaboration are essential for improving outcomes in pediatric PPGL patients. Further research and multicenter studies are needed to establish standardized guidelines for this rare condition.
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