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What will we 
be discussing 
today?

 Introduction: malignancies in childhood

 What to expect as an anesthesiologist

 Anesthesia and effects on cancer recurrence

 Long term consequences childhood malignancies and treatments

 Take home messages



Childhood 
malignancies

 400.0001

 > 80% vs < 30%

 > 90% vs < 60%

 < 1 vs > 10

 Leukemias, brain cancers, lymphomas and solid tumors 
(neuroblastoma and Wilms tumors)2

 Chemotherapy

 Surgery

 Radiation

1. https://www.who.int/news-room/fact-sheets/detail/cancer-in-children
2. F Erdman et al, ‘Childhood cancer: survival, treatment modalities, late effects and improvement of time’, cancer epidemiology 71 (2021) 101733

https://www.who.int/news-room/fact-sheets/detail/cancer-in-children


Childhood 
malignancies: 
Netherlands

 Leading cause of death 3-11 years old3

 400 per year3

 42% Brain tumors, 22% leukemia, 10% adrenal, 7% bones/joints

 Differences between adult and pediatric forms of cancer4

 Implications for treatment

 Symptoms are often vague and insidious5 

3. www.cbs.nl
4. Sweet-Cordero et al, ‘The genomic landscape of pediatric cancers: Implications for diagnosis and treatment’, Science 2019 Mar 15;363(6432):1170-1175
5. Raab et al, ‘Diagnosis of Childhood Cancer’, Prim Care Clin Office Pract 36 (2009) 671–684

http://www.cbs.nl/


Childhood 
malignancies: 
Anesthesia

 Anesthetics 
 Acute phases

 After remission

 Terminal stages 

 Consider:
 Direct effect tumor

 Toxic effects of treatment

 Specifics of surgical procedures

 Drug-drug interactions

 Pain syndromes

 Psychological status

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Childhood 
malignancies: 
Anesthesia

 Airway
 Primary tumors uncommon, mostly benign

 Cardiovascular
 Anterior mediastinal mass

 Pericardial effusions

 Primary tumors uncommon usually benign

 Pulmonary system
 Primary lung tumors are rare, metastasis uncommon

 Indirect effects: pleural effusion, infiltrate, pulmonary embolus, 
chylous effusion, AMM, leucostasis

 Renal system
 Wilms tumor, clear cell sarcoma, malignant rhabdoid tumor, 

congenital mesoblastic nephroma, renal cell carcinoma

 Non-renal: neuroblastoma can infiltrate the kidneys or cause 
obstruction

Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Childhood 
malignancies 
and anesthesia

 Hepatic system
 Primary tumors 1%

 Hepatoblastoma, sarcoma, germ cell tumors, rhabdoid tumors

 20% associated with genetic syndrome

 GI: 
 Effects of intra-abdominal tumors: obstruction, erosive perforation, 

hemorrhage, hepatomegaly

 CNS
 Variable presentation, nonspecific especially in young children

 Acute deteroriation

Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Childhood 
malignancies 
and anesthesia

 Endocrine
 Primary endocrine tumors < 5%

 Gonadal germ cell tumors, thyroid, pituitary tumors

 Cathecholamine secreting: pheochromocytoma is rare, 
neuroblastoma, ganglioneuroma

 Hematological
 Anemia: neuroblastoma, rhabdomyosarcoma, Hodgkin, Ewing 

sarcoma, osteosarcoma, ALL

 Thrombocytopenia: ALL, solid tumors with marrow infiltration

 Neutropenia: ALL

 Hyperleucosyosis: AML

 Coagulation
 Multifactorial

 ALL/AML

 DIS, lupus anticoagulant syndrome, acquired vWF, acquired 
hemofilia

 VTEs

Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Leukemia

 ALL

 Presenting symptoms:7

 Hepatosplenomegaly, pallor, fever or bruising

 Abdominal symptoms: anorexia, wight loss, abdominal pain and 
abdominal distension

 Musculoskeletal symptoms: limp and joint pain

 Hematological emergencies8

 Disease related

 Treatment related

7. Clarke et al, ‘Clinical presentation of childhood leukaemia: a systematic review and meta-analysis’, Arch Dis Child 2016 Oct; 101(10):894-901
8. Spring et al, ‘Oncologic Emergencies; Traditional and Contemporary’, Crit Care Clin 37 (2021) 85–103



Disease 
related 
emergencies8

 Hyperleucocytosis and leucostasis

 Hyperviscosity

 Pericardial effusion

 Superior vena cava syndrome

 SiADH

 Metastatic spinal cord compression

 Treatment related: TLS

8. Spring et al, ‘Oncologic Emergencies; Traditional and Contemporary’, Crit Care Clin 37 (2021) 85–103



Hyperleucocyt
osis
Leucostasis8

 WBC > 100x10^9/L

 Leucostasis
 AML > 200, vs ALL > 500

 Risk factors

 30% acute leukemia patients

 Signs of tissue hypoxia and WBC > 100
 Neurological

 Pulmonary

 DIC

 TLS

 Other

 Caution: lab results 

8. Spring et al, ‘Oncologic Emergencies; Traditional and Contemporary’, Crit Care Clin 37 (2021) 85–103



Hyperleucocyt
osis
Leucostasis

 890 patients 0-18yr9

 10% WBC > 100

 6% WBC > 200

 Lower overall survival

 Surviving the first week 

 Intracranial hemorrhage and leucostasis

 26% didn’t start therapy

 Risk factors
 Younger age

9. Zeller et al, ‘Hyperleucocytosis in paediatric acute myeloid leukaemia – the challenge of white blood cell counts above 200X10^9/l. The NOPHO experience 1984–2014’, British Journal 
of Haematology, 2017, 178, 448–456



Hyperleucocyt
osis
Leucostasis: 
treatment8

 Reduce blood viscosity

 Cytoreduction

 Prophylaxis and monitoring TLS

 DIC

8. Spring et al, ‘Oncologic Emergencies; Traditional and Contemporary’, Crit Care Clin 37 (2021) 85–103



Hyperleucocyt
osis: 
Anesthesia10

 Diagnostic procedures, vasculair access, management 
resuscitation and monitoring

 Retrospective review of children with hyperleukocytosis 
undergoing anesthesia < 48hr of presentation

 60 patients, 52 received anesthesia, 63 anesthetics

 88% within office hours, 85% consultant
 3 cases on call, with registrar

 Mortality 3.8%, morbidity 32.7%
 2 deaths < 48hr after anesthesia

 Raised ICP, TLS/MOF

 5 serious adverse events: extremely high WBC and / or AML

10. Fong et al, ‘Anesthesia for children with hyperleukocytosis: a retrospective review’, Pediatric Anesthesia 2009 19: 1191



Hyperleucocyt
osis:
Anesthesia

 Supportive measures preventing leucostasis / TLS
 Perioperative fluid management

 Red cell transfusions may increase viscosity

 Pulmonary effects

 Managing many children with hyperleucocytosis without 
anesthesia is usually not possible

 Reduction of WBC may not always be an option

Fong et al, ‘Anesthesia for children with hyperleukocytosis: a retrospective review’, Pediatric Anesthesia 2009 19: 1191



Other disease-
related 
complications8

 Hyperviscosity

 Malignant pericardial effusion

 Superior Vena Cava syndrome
 Identify life threatening symptoms

 Cerebral oedema, laryngeal oedema, hemodynamic effects

 Anesthesia risks

 Potential difficult intubation

 Spontaneous respiration

 Optimise pre-load

 Prevent hypoperfusion

 Avoid IV access upper limbs

 SiADH

 Metastatic spinal cord compression

8. Spring et al, ‘Oncologic Emergencies; Traditional and Contemporary’, Crit Care Clin 37 (2021) 85–103



Treatment-
related 
emergency: 
TLS11

 Metabolic derangements caused by massive tumor cell 
breakdown

 Can be spontaneous, but often < 72hr of starting treatment

 Clinical vs laboratory

 Prevention: risk stratification

 Supportive care
 Intravenous hydration

 Alkalinization urine not routinely recommended

 Lowering of uric acid: allopurinol, rasburicase

 Can occur perioperatively

11. Durani et al, ‘Emergencies in haematology: tumour lysis syndrome’, British Journal of Haematology, 2020, 188, 494–500



Mediastinal 
mass

 Lymphoma12

 Incidence perioperative complications 9-20%

 76% symptomatic on presentation

 Diagnostics
 X-thorax: MMR

 CT-scan: cross sectional area trachea

 Echo cor: pericardial effusion, compressive effect

 Elevated risk of anesthesia > how can we predict this?

12. Tan et al, ‘Anesthesia for children with anterior mediastinal masses’, Pediatric Anesthesia. 2022;32:4–9.



Mediastinal 
mass

 Pearson risk stratification13

 Low-risk > safe voor GA

 Asymptomatic, no radiographic airway compression, and nor cardiac or 
vascular compression

 Intermediate risk > individual plan

 Mild-to-moderate symptoms (dyspnoe and orthopoe), mild tracheal 
compression < 70% and no bronchial compression

 High risk > individual plan

 Orthopnoe, stridor or cyanosis, tracheal compression > 70% or tracheal 
CSA ≤ 70% with bronchial compression, tamponade physiology on 
echocardiogram

 Patients with mild or no symptoms can suffer cardiovascular  and 
respiratory compromise under anesthesia!

13. Pearson et al, ‘Pediatric Anterior Mediastinal Mass: A Review Article’, Seminars in Cardiothoracic and Vascular Anesthesia 2015, Vol. 19(3) 248–254



Mediastinal 
mass:
Anesthesia

 Multidisciplinary team: start treatment first?
 Diagnosis

 Risk of TLS

 Procedure at OR

 Avoid GA if possible
 Spontaneous respiration

 What is the most comfortable position?

12. Tan et al, ‘Anesthesia for children with anterior mediastinal masses’, Pediatric Anesthesia. 2022;32:4–9.



Mediastinal 
mass and 
anesthesia: 
what to do 
if…?12

 Airway compression
 Positive pressure ventilation, pass obstruction if possible

 Rigid bronchoscope

 Positioning patient

 Cardiovascular collaps
 Fluid bolus, repositioning, lesser anesthesia depth

 Vasopressors

 Last resort: sternotomy

 Be aware that both problems can occur simultaneously and may 
reinforce or improve each other

 ECMO: theoretical interesting, practically difficult

12. Tan et al, ‘Anesthesia for children with anterior mediastinal masses’, Pediatric Anesthesia. 2022;32:4–9.



Mediastinal 
mass and 
anesthesia: 
risk factors

 Campbell et al retrospective investigation14

 86 patients with new mediastinal masses

 7% complications

 Only 1 patient had orthopnoe

 similar risk location and size

 Complications were associated with airway compression and
endotracheal intubation

 Main left bronchus

 3 patients intubated from ICU

 All patients recovered without sequelae

 Honda et al: predictive risk score15

 Case control study in 57%

 12% respiratory complications

 Cough, dyspnoe, hypoxia, orthopnoe

 Reduction of percentage of trachea cross sectional area

14. Campbell et al, ‘Risk factors for anesthetic-related complications in pediatric patients with a newly diagnosed mediastinal mass’, Pediatric Anesthesia. 2021;31:1234–1240
15. Honda et al, ‘Predictive risk score of respiratory complications in children with mediastinal tumors: A case–control study’, Cancer Medicine. 2022;00:1–10.



Brain tumors

 Most common solid tumor 

 Largest cause of childhood cancer-related mortality

 Gliomas
 Embryonal tumors 0-4yr

 Risk factors
 Prior ionizing radiation

 Genetic predisposition

 Presentation depends on location and size 

16. Malbari , ‘Pediatric Neuro-Oncology’, Neurol Clin 39 (2021) 829–845



Abdominal 
mass

 Most common occurring presentation solid tumor

 Neonate: 
 Retroperitoneal, renal and often benign

 Malignant: neuroblastoma, extragonadal germ cell tumor, 
hepatoblastoma, Wilms tumor

 Infant > 1yr
 Usually not benign

 < 2yr: neuroblastoma and hepatoblastoma

 Wilms tumor, lymphoma, leukemia, hepatocellulair carcinoma, 
ovarium tumor, sarcomas

5. Raab et al, ‘Diagnosis of Childhood Cancer’, Prim Care Clin Office Pract 36 (2009) 671–684



Neuroblastoma

 Often paraneoplastic syndromes
 Vasoactive paraneoplastic syndrome

 Excessive cathecolamine secretion

 Opsoclonus-myoclonus syndrome

 Cerebellaire ataxia

 Embryonal tumor of the sympathetic nervous system
 Anywhere along the sympathetic chain, mostly retroperitoneal

 Can be cathecholamine secreting with cardiomyopathy

Tognon et al, ‘Anesthesia in Children with Neuroblastoma, Perioperative and Operative Management’, Children 2021, 8, 395. 



Anesthesia 
and antitumor 
therapy

 Airway:
 Chemotherapy: mucositis and xerostomia

 Radiation: mucositis and xerostomia, chronic fibrosis 

 HSCT: GvHD and mucositis

 Cardiovascular:
 Anthracyclines and many others….

 Chest irradiation

 Echocardiographic follow-up

 Pulmonary system:
 Bleomycin and many others: acute chemotherapy-induced lung 

toxicity, chemotherapy induced lung fibrosis. 

 Radiation induced pulmonary disease

 HSCT: 25% posttransplant children show decrements in pulmonary 
function testing, few have clinical symptoms

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Anesthesia 
and antitumor 
therapy

 Renal system
 Cisplatin, carboplatin, ifosfamide and many others

 Radiation nephritis: azotemia, proteinuria, anemia and hypertension

 HSCT: 20-40% ARF

 Hepatic system
 Many chemotherapeutics cause acute hepatotoxicity, progression to 

chronic liver disease is rare.

 Methotrexate, actinomycin D, 6-mercaptopurine, 6-thioguanine

 Radiation: usually mild and self-limited

 HSCT: sinusoidal post-obstruction syndrome

 GI
 Chemo causes N/V, other effects are diarrhea, mucositis, 

neutropenic enterocolitis, stomatitis

 Radiation > inflammation and edema, usually transient

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Anesthesia 
and antitumor 
therapy

 CNS
 Chemo: platinum agents, L-asparaginase, ifosfamide, 

methotrexate, vincristine, cyclosporin A and many others. 

 Radiation

 Endocrine system
 Adrenal suppression

 Radiation to pituitary and hypothalamus

 Hematologic system
 Radiation and chemo can cause myelosuppression

 Radiation therapy with large volumes of marrow

 transfusions

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Anesthesia 
and antitumor 
therapy

 Coagulation system
 Multifactorial

 Pain
 Most common cause: antitumor therapy-related pain

 Reported single greatest pain episode: medical procedure or surgery

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Anesthesia:
effects on 
tumor growth 
and spread

 Intersection of anesthesiology and immunology
 Influence in tumor recurrence

 Surgery leads to release of cancer cells
 Potential to lead to metastasis depends on balance between the 

resilience of the body’s immunity and the aggressiveness of tumor 
cells

 Experimental and animal studies effect
 Possible protective effect of propofol

 Small, largely retrospective studies with contradictory results

 RCTs report no effect on cancer recurrence 

18. Liu et al, ‘Application of Anesthetics in Cancer Patients: Reviewing Current Existing Link With Tumor Recurrence’, Front Oncol 2022 Feb 28;12:759057



… and in 
children? 

 Evidence is limited

 No studies on regional anesthesia and cancer recurrence

 3 studies in a cohort of children undergoing hyperthermic 
intraoperative chemotherapy for abdominal malignancies

 Dexmed and survival: not associated with worse survival

 Chronic preoperative opioid use or high intraoperative exposure to 
narcotics was not associated with worse survival

 No association between perioperative red blood cell transfusion and 
shorter survival

19. Cata et al, ‘Impact of Anesthetics, Analgesics, and Perioperative Blood Transfusion in Pediatric Cancer Patients: A Comprehensive Review of the Literature’, Anesth Analg December 
2019 • Volume 129 • Number 6



So what 
should we do?

 Reduction of sympathetic drive appears to be positive
 Aplha-2 agonists, regional anesthesia

 Laboratory studies suggest the use of intravenous anesthesia 
based on propofol

 Regional anesthesia or iv lidocaine will provide analgesia along 
with possible antitumoral effects

 Minimal use of opioid due to possible negative effects on immune 
system

 Transfusions negatively affect immune system, but it is unknown 
if there is an effect on chemosensitivity

19. Cata et al, ‘Impact of Anesthetics, Analgesics, and Perioperative Blood Transfusion in Pediatric Cancer Patients: A Comprehensive Review of the Literature’, Anesth Analg December 
2019 • Volume 129 • Number 6



Long term 
consequences 
malignancies 
and treatment

 Growing population survivors

 Chronic comorbidity and hospital visits

 Secundary malignancy

 Mental effects

2. F Erdman et al, ‘Childhood cancer: survival, treatment modalities, late effects and improvement of time’, cancer epidemiology 71 (2021) 101733



Long term 
consequences 
malignancies 
and treatment: 
cardiac

 Within 30 years of cancer diagnosis, compared with siblings 
without cancer, survivors have a 

 10-fold increased likelihood of coronary artery disease

 15-fold increase of heart failure

 9-fold increase of cerebrovascular events 

 Cardiac disease is the most common treatment-related, 
noncancer cause of death in childhood cancer survivors

 Risk factors: anthracyclines, chest radiation

 Hypertension: Increased risk of chronic hypertension

20. Ketterl et al, ‘Perioperative Cardiothoracic and Vascular Risk in Childhood Cancer and its Survivors’, J Cardiothorac Vasc Anesth 2021 Jan;35(1):162-175.



Long term 
consequences 
malignancies 
and treatment: 
other

 Late chemotherapy induced pulmonary toxicity
 Bleomycin-induced pulmonary fibrosis can lead to severe restrictive 

lung disease

 Radiation induced pulmonary disease can occur as a progression 
from interstitial pneumonitis acutely to pulmonary fibrosis later

 Chronic hepatic fibrosis is commin after abdominal radiation, but 
risk is limited by the lower doses in current use

 CNS: panhypopituitarism, cognitive and developmental effects

6. Latham, ‘Anesthesia for the Child with Cancer’, Anesthesiology Clin 32 (2014) 185–213



Take home 
messages

 Any anesthesiologist can encounter a child with a malignancy
 Insidious presenting symptoms

 Acute complications due to the disease or treatment

 Long-term consequences

 The malignancy, side effects or treatment may affect 
anesthesiological treatment

 The other way around, we don’t know yet
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Thank you! Any Questions?


