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Summary

Many anaesthetists are hesitant to perform epidural blood patch in patients with cancer because of the potential risk of
seeding the CNS with malignant cells. Recent evidence suggests that anaesthetists may view malignancy as a relative
contraindication to epidural blood patch rather than an absolute contraindication. This review article summarises the
clinical dilemma, reviews the existing literature, and proposes a treatment algorithm that includes the utilisation of for
the management of post-dural puncture headache in the oncology population.
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Editor’s key points

e Patients with oncological diagnoses are prone to post-
dural puncture headaches given the need for repeated
lumbar punctures.

e Anaesthetists have been hesitant to perform epidural
blood patch in these patients given the risk of seeding
the neuraxis with malignant cells.

e Recent literature shows the safe and effective use of
epidural blood patching in the oncology population,
with no documented cases of neuraxial seeding.

e This review article summarises the existing literature
regarding epidural blood patch use in the oncology
population and suggests a treatment algorithm for
approaching this complex clinical dilemma.

Post-dural puncture headaches (PDPHs) occur in 10—40% of
patients receiving diagnostic lumbar punctures (LPs) and can
have significant clinical consequences.’ Most cases of PDPH
manifest within 3 days of the LP, but symptoms can occur up
to 14 days later.” Post-dural puncture headache is commonly

described as a bilateral, non-throbbing fronto-occipital head-
ache that worsens with upright positioning and improves
when supine.® The primary mechanism is a dural puncture
that leads to persistent leakage of the CSF, which exceeds its
production by the choroid plexus and causes a net decrease in
CSF volume and intracranial pressure (ICP). Upright posi-
tioning then results in a downward shift of the brain, causing
the stretch of pain-sensitive fibres, resulting in headache.* A
secondary mechanism for PDPH involves compensatory acti-
vation of cerebral adenosine receptors, leading to vasodilation
and increased brain volume.®

The probability of developing PDPH is higher in patients
aged 12—19 yr (us those aged less than 12 yr because of lower
compliance of the epidural space), females (for unclear rea-
sons), and patients with lower BMI (because of lack of
abdominal girth and concomitant epidural pressure to shunt
CSF cranially).® ® Most PDPHs resolve spontaneously within
7—14 days as the dura seals and the CSF volume self-
equilibrates, but can persist for 6-12 months in rare cases.’
Unresolved PDPH is associated with significant morbidity,
with 39% of patients experiencing at least 1 week of impaired
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Post-dural puncture headache in the patient with cancer: a treatment algorithm
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Fig 1. Clinical treatment algorithm for oncology patients with post-dural puncture headache. *Platelet count recommendation was based
on conventional practice of obstetric anaesthetists. The INR recommendation was based on conventional practice for neuraxial inter-

vention. There was no consensus

guideline on the minimum platelet count or the maximum INR for safe and effective EBP. See main text

for references. fCorrection of hypocoagulability was based on local practices and incorporated patient-specific considerations. Factor

concentrates may be considered,
autologous blood have only been

although they have not been previously reported in the literature. ‘Epidural injectates alternative to
reported in case reports and are considered experimental in nature. Alternative medical management

(see ‘consider alternative medical management’ box) or SPG block at this place in the algorithm may also be considered. ACTH, adre-
nocorticotropic hormone; ALL, acute lymphoblastic leukaemia; AML, acute myelogenous leukaemia; CBC, complete blood count; EPB,
epidural blood patch; FFP, fresh frozen plasma; HCT, hydrocortisone; INR, international normalised ratio; LP, lumbar puncture; MRD,
minimal residual disease; PDPH, post-dural puncture headache; pRBCs, packed red blood cells; SPG, sphenopalatine ganglion.
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Table 1 Published reports of epidural space-based management of post-dural puncture headache in the oncology population (or
documented consideration thereof). ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; PDPH, post-dural puncture

headache.

Type of

publication and

author (yr)

Patient(s)

Outcome

Case report

Scher and
colleagues™?
(1992)

Case report

Bucklin and
colleagues™*
(1999)

Case report

Decramer and
colleagues®”
(2005)

Retrospective
study

Kokki and
colleagues®®
(2012)

Case report

Vassal and
colleagues®
(2013)

Case report

Mergan and
colleagues®?

19-yr-old female with embryonal cell

rhabdomyosarcoma

27-yr-old post-partum female with AML

50-yr-old female with breast cancer

42 paediatric patients (2 oncology)

28-yr-old female with ALL

46-yr-old male with T-cell ALL

Autologous blood injected (15 ml); immediate relief

Discussed, but decided against autologous blood because of risk of
neoplastic cell seeding; PDPH resolved with conservative treatment
(after 10 days)

Fibrin glue injected (5 ml); immediate and persistent relief

Autologous blood injected (mean volume: 0.27 ml kg™'); complete and
persistent relief in 85.4% of patients; partial or temporary relief in
remaining patients

Hydroxyethyl starch injected (15 ml) with 3 h infusion at 5 mlh™%;
immediate and prolonged relief (15 days follow-up)

Autologous blood injected (20 ml) after negative flow cytometry and
negative blood, sputum, and CSF cultures; immediate relief
No new CNS disease at 3 months follow-up

(2014)
Retrospective
study
Demaree and
colleagues”
(2017)

80 patients; mixed adult/paediatric
oncology population (62 lymphoma; 18
leukaemia)

PDPH improvement in 96.2% of patients (no improvement or
worsening in PDPH in 3.8%)
No new CNS disease at a median follow-up of 3.74 yr

performance in activities of daily living and some requiring
hospitalisation.°

Prevention is considered the optimal way to manage PDPH.
Reducing LP needle size, utilisation of a pencil-point needle,
using a steeper angle of insertion, orienting the bevel parallel
with the longitudinal neuraxis (if using a cutting needle), and
reinserting the stylet before needle withdrawal can reduce
PDPH incidence.! Epidural saline injection at the time of LP
has been demonstrated to reduce the rate and severity of PDPH
in 33 young adult patients with acute lymphoblastic
leukaemia (ALL).!? Lastly, procedural experience plays a sig-
nificant role in the incidence of PDPH, as inexperienced pro-
viders may cause multiple unrecognised dural punctures.®
Providers with extensive experience in performing LP should
perform or supervise the procedure, particularly for a patient
with numerous other patient-specific risk factors. Despite
these preventive strategies, PDPH still occurs, especially in
oncology patients requiring repeated LPs.

This review focuses on PDPH in the oncology population,
which constitutes the majority of patients receiving repeated
LPs, most commonly for leukaemias and non-Hodgkin lym-
phomas (NHLs).'® Patients with leukaemia or NHL undergo
frequent LPs for monitoring CNS involvement and to deliver
intrathecal (IT) chemotherapy, which is problematic, as the
risk of PDPH increases with the cumulative number of LPs.?
Paediatric oncology patients specifically, undergoing diag-
nostic or therapeutic LP, have PDPH rates of 6—9%.°

Although 85% of PDPH in adult patients resolves within 6
weeks with conservative management, this approach is less
effective in decreasing the PDPH duration in paediatric pa-
tients.>!! Conservative management of PDPH involves supine
positioning, increased fluid intake, caffeine administration,
and oral analgesics (such as NSAIDs and acetaminophen).
When conservative treatment fails or PDPH is debilitating,
more-aggressive management with an epidural blood patch
(EBP) may be offered.

There are no consensus recommendations for addressing
this situation in the oncology population, particularly in chil-
dren. To address this gap in the literature, this review sum-
marises existing literature on the role of EBP in oncology
patients, and proposes an algorithm for the treatment of PDPH
in adult and paediatric patients with cancer (Fig. 1).

Epidural blood patch procedure

An EBP involves the injection of autologous blood, drawn
from a peripheral vein, into the epidural space. This is
commonly performed under local anaesthesia in the adult
population, and under sedation or general anaesthesia in
the paediatric population.'*"® Blood spreads over several
segments within the epidural space, both cranially and
caudally, but likely favours the cranial direction.’ Thus,
the epidural needle does not need to be introduced at the
same level as the suspected dural puncture. The patient
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then remains in a reclined position for 1-2 h. Newly
injected epidural blood compresses the dural sac, resulting
in increased epidural and subarachnoid pressures that
restore CSF pressures intracranially, thus reducing traction
on pain-sensitive fibres. After ~7 h, blood attaches to the
dura as a thin membrane and prevents the CSF from
leaking through the build-up of organised blood.®

Although historically considered an aggressive man-
agement for PDPH, the use of EBP is increasing, particularly
in adolescents, because conservative management is less
successful in younger patients.> A 2015 Cochrane review
of 24 trials (total of 2996 participants) found no evidence to
support that routine bed rest after dural puncture prevents
PDPH.'® A more recent review of 13 RCTs (479 participants)
demonstrated that ‘high-dose’ caffeine (at least 300 mg)
cures PDPH in 70% of young adult patients, and compared
with placebo, high-dose caffeine decreases PDPH persis-
tence and need for supplementary interventions.’’ This
dose, however, far exceeds the ~85 mg of caffeine in
carbonated beverages, the most common caffeine source
prescribed. Accurate paediatric dosing for caffeine in the
management of non-specific headaches has been reported
to be 50—100 mg for children weighing 5-35 kg.?! However,
high-dose caffeine is not typically administered to paedi-
atric patients because of risk of CNS toxicity and atrial
fibrillation.™® Therefore, a 70% cure rate with caffeine may
be an overestimation in the paediatric population. Lastly,
the role of increased fluid intake has remained unclear and
unproved, although commonly offered. If conservative
methods fail or are contraindicated because of adverse
effects, an EBP should be considered.

Multiple adult studies have demonstrated the efficacy of
EBP in the management of PDPH, with success rates as high as
96% and even higher with repeat EBP.?>"%’ The utilisation of
EBP in the paediatric population appears to be successful as
well. 1128730 A 2002 retrospective study reported that EBP with
0.13—0.46 ml kg~! of blood given to five children (<12 yr old)
with PDPH completely relieved symptoms in four patients (and
slightly relieved them in the fifth) and caused no adverse ef-
fects.?’ Another similar study on patients aged 13—18 yr given
a mean of 0.2 ml kg~ ! of autologous blood epidurally reported
an efficacy of 93%.” Injection volume must be especially
considered in paediatric patients, as they are likely to be
sedated or anaesthetised during the EBP procedure and unable
to provide verbal feedback on the development of elevated
lumbar epidural pressure, and over-injection can lead to nerve
root irritation and radicular pain.'/ Demonstrated efficacy,
along with few reported complications, makes EBP the treat-
ment of choice for refractory PDPH, especially in patients at
high risk of PDPH attributable to multiple LPs, such as
oncology patients.>!

Use of EBPs in oncology patients is met with hesitation
because of risk of seeding the CNS with neoplastic cells (either
blood-borne or circulating solid tumour) and increased risk of
CNS infection in immunocompromised patients.*? Case re-
ports, consisting mostly of adult patients, present various
approaches to this clinical dilemma (Table 1), and a recent
study has reported the safety of EBP in patients with mixed
oncological diagnoses.! Given the paucity of paediatric-
specific literature and similar pathophysiology and

treatment protocols, we include adult EBP data for common
paediatric malignancies.

Results
Acute myelogenous leukaemia

Acute myelogenous leukaemia (AML) accounts for 15—20% of
paediatric acute leukaemias. Current therapies cure ~60—70%
of children utilising weekly or monthly IT chemotherapy
(depending on CNS disease at diagnosis).>**” A 2005 prospec-
tive 18 month study reporting the effects of 247 IT chemo-
therapy injections delivered via a variety of differently sized
spinal needles (22-gauge to 27-gauge needles) to children with
leukaemia demonstrated a PDPH rate of 8.9%.* The use of EBP
to treat PDPH in patients with AML is limited because of con-
cerns of CNS seeding and infection. However, a 13 yr retro-
spective study suggested the safe use of EBP in a mixed
oncology population, which included multiple patients with
leukaemia (subtype not reported).! All 18 patients with
leukaemia had complete symptom relief with EBP. Impor-
tantly, there was no evidence of neoplastic cell seeding to the
CNS at a median follow-up of 5.63 yr.

Acute lymphoblastic leukaemia

ALL is a malignant transformation and proliferation of
lymphoid progenitor cells in the bone marrow, blood, and
extramedullary sites. Approximately 80% of ALL cases occur in
children.®® Regardless of the treatment protocol, a crucial
component is CNS prophylaxis with IT chemotherapy given at
specific intervals throughout therapy, with some protocols
utilising 27 LPs over 2.5 yr of treatment.®*® The numerous LPs
correlate with a high incidence of PDPH in patients with ALL. A
2005 prospective study demonstrated that amongst 47 paedi-
atric patients (42 ALL and 5 AML), 14% developed PDPH.*
Additionally, a 2008 patient questionnaire on PDPH after LP
in paediatric patients with ALL demonstrated that 11% and 7%
developed PDPH after LP with the 22G Quincke needle and 25G
pencil-point needle, respectively.*

Despite the established relationship between repeated LP
and PDPH, there are no large trials on EBP in paediatric pa-
tients with ALL. An adult case report of a 46-yr-old man with T-
cell ALL who developed PDPH after multiple IT methotrexate
injections demonstrated the safe and efficacious use of an EBP
after a discussion with his oncologist.? Before the procedure,
blood, sputum, and CSF were cultured to assess occult infec-
tion, and peripheral blood flow cytometry was performed to
screen for circulating blasts. After negative cultures and flow
cytometry, 20 ml of autologous blood was injected into the
epidural space. The patient had complete pain relief and no
CNS disease at the 3 months follow-up.>? Although this case
does not validate the use of EBP in paediatric patients with
ALL, it gives a framework for approaching EBP in the general
oncological population (Fig. 1).

Non-Hodgkin lymphoma

Patients with NHL have a high risk for CNS involvement,
which is associated with poor outcomes; therefore, four to
eight treatments of IT methotrexate are usually included as
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part of primary therapy.*’ Despite the frequency of IT treat-
ments, EBP is not well studied in paediatric lymphoma. In a
retrospective review, 59 of 62 patients with lymphoma (me-
dian age: 45.1 yr) with PDPH had symptom relief with EBP.
Importantly, as with the leukaemia population, that study
found no evidence of neoplastic cells seeding the CNS.!

Solid tumours

Solid tumours constitute ~30% of all paediatric cancers.*! For
these patients, LPs are performed only when there is CNS
involvement.

Patients with intracranial tumours have a high likelihood of
persistent headaches, which may be related to increased ICP
(secondary to tumour, brain swelling, and CSF obstruction),
surgery, medications, or other causes.*’ An EBP has no role in
treating headaches secondary to these causes. If the headache
is likely related to a thoracolumbar CSF leak (related to LP or
not), EBP may be considered. However, if an intracranial
tumour causes a midline or downward shift (with or without
CSF obstruction), EBP is contraindicated because of the high
risk of herniation with unintended dural puncture.*’ If the
intracranial tumour has no mass effect, hydrocephalus, or
radiographic or clinical symptoms of increased ICP, neuraxial
intervention (including EBP) is unlikely to cause herniation.*®
However, particular care with regard to epidural injection
volume must be given in the setting of increased ICP, as higher
injection volumes could further elevate ICP. Neurological
deterioration after EBP in the setting of increased ICP has been
reported.** Further, risk of CNS seeding of neoplastic cells with
EBP is less concerning, given the relative ratio of malignant
cells already present in the CNS vus peripheral blood.

Although the incidence of PDPH in patients with solid tu-
mours appears low, EBP might be indicated, such as in the case
report of a 19-yr-old patient with rhabdomyosarcoma who
developed PDPH after diagnostic LP.**> In such instances, the
risks and benefits of the procedure, including degree of
tumour localisation (vs presence of circulating malignant
cells), should be discussed amongst the anaesthetist, patient,
and oncologist.

Discussion

The two primary concerns for using EBP in patients with
cancer are the risk of neuraxial seeding of neoplastic cells into
the CNS and risk of infection, given their (likely) immuno-
compromised state. A third concern, although not unique to
patients with cancer, is coagulopathy, which is more common
in this population.

The mechanism of neoplastic seeding in patients with
leukaemia or lymphoma is not completely understood, but it
may involve the upregulation of molecules, such as vascular
endothelial growth factor and vascular adhesion molecule by
neoplastic cells. These may lead to disruption of the
blood—brain barrier (BBB) and escape of neoplastic cells from
the vasculature into the CNS; therefore, CSF is surveilled by
repeated LPs for the presence of neoplastic cells.’ For neu-
raxial seeding to occur by EBP, the patient’s blood must
contain circulating blasts with specific molecular factors at the
time of injection, or the procedure must cause an accidental
dural puncture, thus violating the BBB. However, the risk of
accidental dural puncture is ever-present with the routine use
of neuraxial anaesthesia, but does not typically preclude its

use in the oncology population (e.g. epidural catheter place-
ment for abdominal tumour resection).

It is paramount to minimise the risk of CNS seeding during
procedures by determining the patient’s minimal residual
disease (MRD) status (number of leukaemic cells present) by
flow cytometry. This method is highly sensitive in detecting
blasts in peripheral blood or bone marrow, and is periodically
performed throughout cancer treatment to evaluate response.
Such methods can be used to stratify the risk of CNS seedingin
patients. A patient should have a ‘negative flow’ (<0.1% or
lower) in a recent peripheral blood sample (indicating the
absence of blasts in circulating blood) before EBP. This
approach was used in a case report of a 46-yr-old male with T-
cell ALL, and the patient remained free of CNS disease at the 3
months follow-up and achieved complete PDPH resolution.> If
a patient with cancer has an unknown (or not recently eval-
uated) MRD status, or if MRD is detectable, a discussion of
procedural risks and benefits is recommended amongst the
anaesthetist, oncologist, and patient/guardian. Maximising
non-interventional approaches and advising prolonged bed
rest are indicated.

If procedural intervention is warranted, but the risk of CNS
seeding secondary to EBP is considered too high, injectable
alternatives to autologous blood, such as fibrin glue, saline,
colloid solutions, donated packed red blood cells (pRBCs), and
irradiated pRBCs, can be considered (Fig. 1). A case report of a
50-yr-old female developing severe PDPH after lobectomy
described the successful use of fibrin glue administered into
the epidural space.* The use of fibrin glue is limited because of
possible severe adverse sequelae, such as viral or aseptic
meningitis, intravascular thrombosis, and anaphylaxis.’
Although fibrin glue can seal the hole in the dura through
formation of a plasma clot, it has minimal ‘volume-based’
benefit. Thus, patients may not have symptomatic relief until
the choroid plexus generates CSF to replace that which had
already leaked out of the dural sac.

Evidence for epidural saline as a reliable alternative to
autologous blood is equivocal. A 2004 study demonstrated that
saline did not provide the same extent of symptom relief as did
autologous blood.*® The primary disadvantage of epidural sa-
line is that a single injection cannot provide prolonged anal-
gesia; thus, repeated injections or a continuous epidural
infusion is needed. A 15-yr-old patient developing PDPH after
IT chemotherapy was successfully administered a gelatinous
saline and colloid mixture, but it only provided analgesia for 3
h.%° Subsequently, an EBP using autologous blood was per-
formed, which fully resolved the PDPH.?° Additional studies
have reported the use of various colloid solutions (e.g. dextran
and hydroxyethyl starch) to manage PDPH when autologous
blood is contraindicated, with mixed results. Although colloid
solutions may remain in the epidural space longer than saline
does, they do not seal the dural hole and there is a high like-
lihood of recurrence.®

Blood-based alternatives to autologous blood include
donated whole blood and irradiated pRBCs. Donated whole
blood has been used successfully in patients with PDPH and
known systemic infections or ongoing fevers.***® A high level
of coordination is required, as the donor must be present at the
time of the EBP. Further, the donor must be screened for in-
fectious disease and cross-matched to ensure allogenicity
before the procedure. There exists, however, a risk of graft vs
host disease in immunocompromised patients with cancer.
Leucoreduction and irradiation could minimise these risks,
but this combination has not been previously reported. The
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high-level coordination required can make this approach
unfavourable.

Irradiating blood theoretically destroys leukaemic blasts,
and itis postulated that using irradiated pRBCs for EBP reduces
the risk of CNS seeding. This may be feasible for patients with
an indication for EBP who have detectable circulating disease
and no alternatives. Although irradiating pRBCs drastically
reduces the risk of graft vs host disease, it might still occur in
immunocompromised patients, including oncology patients.
Further, it is unlikely that pRBCs alone, irradiated or not,
without clotting factors or platelets, would seal a dural hole.
Stored pRBCs would also contain citrate, again limiting the
likelihood of EBP, providing prolonged relief related to lack of
thrombus formation. The use of irradiated pRBCs for this
purpose has been proposed, but no studies have been reported
to date.

Known bacteraemia is an absolute contraindication to EBP.
However, the concern with EBP in the oncology (immuno-
compromised) population is related to risk of CNS infection in
the setting of non-known (occult) bacteraemia. This risk is
two-fold: (i) risk of introducing bacteria into the CSF, leading to
meningitis; and (ii) risk of bacteria in the blood being injected
into the epidural space, leading to epidural abscess. However,
neuraxial interventions are routinely performed in immuno-
compromised patients (for diagnostic/therapeutic indications
and for anaesthesia/pain management). Although more
frequent than for patients with intact immune function,
neuraxial infections are rare.*” Most epidural infections that
develop secondary to a neuraxial intervention are related to
long-term (>3 days) catheter placement rather than singular
injections.”® In six immunocompromised human immunode-
ficiency virus-positive patients who had an EBP and were fol-
lowed for 6—24 months, there was no increase in CNS
morbidity related to EBP.°! This study suggests that neither
viraemia nor immunocompromised status is directly linked to
CNS infection after EBP.

Nevertheless, infectious complications should always be
mentioned as a risk of any neuraxial intervention. However,
infectious risk is rarely cited as a reason for forgoing the pro-
cedure entirely (in patients without known bacteraemia). It is
reasonable to suspect, however, that oncology patients may
have a higher incidence of occult bacteraemia than the general
PDPH population, given the increased prevalence of indwelling
central venous catheters and the immunocompromised state.
Therefore, it is prudent to perform peripheral blood cultures
before EBP to rule out occult bacteraemia or even treat them
with prophylactic antibiotics as previously reported.*

A third concern of EBP use in the oncology population re-
lates to the coagulation status of the patient. Routine evalua-
tion of the coagulation profile must be performed before any
neuraxial procedure for all patients. It is not uncommon for
patients with cancer to have thrombocytopenia related to
bone marrow suppression, or coagulation abnormalities sec-
ondary to chemotherapy, liver dysfunction, or malnutrition.
Each of these factors must be evaluated before performing
EBP, and, at minimum, a platelet count and international
normalised ratio (INR) should be obtained. Correction of lab-
oratory abnormalities (with blood products or supplements)
and withholding of anticoagulant medications as clinically
indicated are necessary. Although there is no consensus
platelet count before EPB, reasonable comparisons can be
drawn to the practice observed for labour epidural placement
in the obstetric population, where most anaesthetists will
place an epidural catheter in a patient with a stable platelet

count of 70, 000 ul~1.°? Conventionally, an INR of <1.5 is a safe
threshold for epidural placement.*

Given the risks delineated here, it is imperative that a
personalised approach be undertaken for each patient with
PDPH in the setting of malignancy. The treatment team should
weigh the severity of and debilitation caused by the headache,
with the potential oncological, infectious, and haematological
risks of the procedure. For a patient on active chemotherapy
with pancytopaenia and a mild-to-moderate headache, a more
conservative approach (i.e. non-interventional) is preferred.
Conversely, for a patient with known malignancy but
adequate blood count recovery and a debilitating headache, a
more aggressive approach may be justified. Special consider-
ation for the paediatric patient is warranted, given the need for
sedation/anaesthesia to perform the EBP, which may shift the
risk—benefit balance depending on the overall condition of the
child. The risk of sedation/anaesthesia alone may preclude the
ability to safely perform the EBP, regardless of the severity of
the headache.

Conclusions

Prevention of a post-dural puncture headache via the optimi-
sation of patient- and procedure-specific risk factors is
essential. Despite these steps, post-dural puncture headaches
occur and an epidural blood patch is appropriate to consider in
a subset of patients with cancer. Despite limited evidence
demonstrating the safety of epidural blood patch use in the
oncology population, the presence of a malignancy is not an
absolute contraindication to the use of epidural blood patch in
the management of post-dural puncture headache. To date, no
adverse events have been reported.'’*° Utilisation of an
epidural blood patch in the oncology population should be
considered if conservative management fails, and after
extensively evaluating patient-specific risks and benefits
together with the anaesthetist, patient (or family), and
oncologist.

Authors’ contributions

Literature review: KJM

Writing of paper: RM, KJM

Critical review of paper: SEK, JF

Project direction: SEK, JF

All authors gave final approval for the version to be published,
and they agree to be accountable for all aspects of the work,
thereby ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated
and resolved.

Acknowledgements

The authors thank Vani Shanker for editing the manuscript
and Elizabeth Stevens for graphical design assistance.

Declarations of interest

The authors declare that they have no conflicts of interest.

Funding

American Lebanese Syrian Associated Charities.



1206 | Morgan et al.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Demaree CJ, Soliz JM, Gebhardt R. Cancer seeding risk
from an epidural blood patch in patients with leukemia or
lymphoma. Pain Med 2017; 18: 786—90

. Chordas C. Post-dural puncture headache and other

complications after lumbar puncture. J Pediatr Oncol Nurs
2001; 18: 244—59

. Apfel CC, Saxena A, Cakmakkaya OS, Gaiser R, George E,

Radke O. Prevention of postdural puncture headache after
accidental dural puncture: a quantitative systematic re-
view. Br J Anaesth 2010; 105: 255—63

. Keidan I, Bielorei B, Berkenstadt H, et al. Prospective

evaluation of clinical and laboratory effects of intrathecal
chemotherapy on children with acute leukemia. J Pediatr
Hematol Oncol 2005; 27: 307—10

. Lee LC, Sennett M, Erickson JM. Prevention and manage-

ment of post-lumbar puncture headache in pediatric
oncology patients. J Pediatr Oncol Nurs 2007; 24: 200—7

. Janssens E, Aerssens P, Alliet P, Gillis P, Raes M. Post-dural

puncture headaches in children. A literature review. Eur J
Pediatr 2003; 162: 117—-21

. DelPizzo K, Luu T, Fields KG, et al. Risk of postdural

puncture headache in adolescents and adults. Anesth
Analg 2020; 131: 273-9

. Ebinger F, Kosel C, Pietz J, Rating D. Headache and back-

ache after lumbar puncture in children and adolescents: a
prospective study. Pediatrics 2004; 113: 1588—92

. Turnbull DK, Shepherd DB. Post-dural puncture headache:

pathogenesis, prevention and treatment. BrJ Anaesth 2003;
91: 718-29

Bezov D, Lipton RB, Ashina S. Post-dural puncture head-
ache: part I diagnosis, epidemiology, etiology, and path-
ophysiology. Headache 2010; 50: 1144—52

Rusch R, Schulta C, Hughes L, Withycombe JS. Evidence-
based practice recommendations to prevent/manage
post-lumbar puncture headaches in pediatric patients
receiving intrathecal chemotherapy. J Pediatr Oncol Nurs
2014; 31: 2308

KikiI, Gundogdu M, Alici HA, Yildirim R, Bilici M. A simple,
safe and effective approach to prevent postdural puncture
headache: epidural saline injection. Eurasian ] Med 2009;
41: 175-9

Leukemia & Lymphoma Society. Childhood Blood Cancer
Facts and Statistics. Available from: https://www.lls.org/
facts-and-statistics/overview/childhood-blood-cancer-
facts-and-statistics (accessed 11 February 2021).

Borges BC, Wong G, Isaac L, Hayes J. Unusual presentation
of postdural puncture headache requiring repeat epidural
blood patch in a 4-year-old child. Paediatr Anaesth 2014; 24:
541-3

Kara I, Ciftci I, Apiliogullari S, Arun O, Duman A, Celik JB.
Management of postdural puncture headache
with epidural saline patch in a 10-year-old child after
inguinal hernia repair: a case report. J Pediatr Surg 2012; 47:
e55—7

Roy L, Vischoff D, Lavoie ]J. Epidural blood patch in a
seven-year-old child. Can ] Anaesth 1995; 42: 621—4
Bezov D, Ashina S, Lipton R. Post-dural puncture head-
ache: part II—prevention, management, and prognosis.
Headache 2010; 50: 1482—98

Lee DH, Kim EJ. Management of postdural puncture
headache with epidural blood patch in a child. Korean J
Anesthesiol 2011; 61: 344—5

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Arevalo-Rodriguez I, Ciapponi A, Roqué i Figuls M,
Munoz L, Bonfill Cosp X. Posture and fluids for preventing
post-dural puncture headache. Cochrane Database Syst Rev
2016; 3, CD009199

Basurto Ona X, Osorio D, Bonfill Cosp X. Drug therapy for
treating post-dural puncture headache. Cochrane Database
Syst Rev 2015; 7: CD007887

Dooley JM, Gordon KE, Wood EP, Brna PM, MacSween J,
Fraser A. Caffeine as an adjuvant to ibuprofen in treating
childhood headaches. Pediatr Neurol 2007; 37: 42—6
Taivainen T, Pitkanen M, Tuominen M, Rosenberg PH.
Efficacy of epidural blood patch for postdural puncture
headache. Acta Anaesthesiol Scand 1993; 37: 702—5
Williams EJ, Beaulieu P, Fawcett WJ, Jenkins JG. Efficacy of
epidural blood patch in the obstetric population. Int J
Obstet Anesth 1999; 8: 105—9

Safa-Tisseront V, Thormann F, Malassiné P, et al. Effec-
tiveness of epidural blood patch in the management of
post-dural puncture headache. Anesthesiology 2001; 95:
334-9

Sandesc D, Lupei MI, Sirbu C, Plavat C, Bedreag O,
Vernic C. Conventional treatment or epidural blood patch
for the treatment of different etiologies of post dural
puncture headache. Acta Anaesthesiol Belg 2005; 56: 265—9
van Kooten F, Oedit R, Bakker SL, Dippel DW. Epidural
blood patch in post dural puncture headache: a rando-
mised, observer-blind, controlled clinical trial. ] Neurol
Neurosurg Psychiatry 2008; 79: 553—8

Boonmak P, Boonmak S. Epidural blood patching for pre-
venting and treating post-dural puncture headache.
Cochrane Database Syst Rev 2010; 1: CD001791

Ylonen P, Kokki H. Epidural blood patch for management
of postdural puncture headache in adolescents. Acta
Anaesthesiol Scand 2002; 46: 794—8

Ylonen P, Kokki H. Management of postdural puncture
headache with epidural blood patch in children. Paediatr
Anaesth 2002; 12: 526—9

Kokki M, Sjovall S, Kokki H. Epidural blood patches are
effective for postdural puncture headache in pediatrics—a
10-year experience. Paediatr Anaesth 2012; 22: 1205—-10
Rubnitz JE. How I treat pediatric acute myeloid leukemia.
Blood 2012; 119: 5980—8

Mergan ZY, Khetani N, Wang D. Epidural blood patch in
leukemia patient: a case report. Pain Med 2014; 15: 13435
Scher CS, Amar D, Wollner N. Extradural blood patch for
post-lumbar puncture headaches in cancer patients. CanJ
Anaesth 1992; 39: 203—4

Bucklin BA, Tinker JH, Smith CV. Clinical dilemma: A pa-
tient with postdural puncture headache and acute leu-
kemia. Anesth Analg 1999; 88: 166—7

Decramer I, Fuzier V, Franchitto N, Samii K. Is use of
epidural fibrin glue patch in patients with metastatic
cancer appropriate? Eur ] Anaesthesiol 2005; 22: 724—5
Vassal O, Baud MC, Bolandard F, Bonnin M, Vielle E,
Bazin JE, Chassard D. Epidural injection of hydroxyethyl
starch in the management of postdural puncture head-
ache. Int J Obstet Anesth 2013 Apr; 22: 153-5. https://
doi.org/10.1016/j.ij0a.2013.01.003. Epub 2013 Mar 7. PMID:
23474278

de Rooij JD, Zwaan CM, van den Heuvel-Eibrink M. Pedi-
atric AML: from biology to clinical management. J Clin Med
2015; 4: 127—-49


http://refhub.elsevier.com/S0007-0912(21)00032-5/sref1
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref1
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref1
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref1
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref2
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref2
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref2
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref2
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref3
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref3
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref3
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref3
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref3
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref4
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref4
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref4
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref4
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref4
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref5
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref5
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref5
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref5
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref6
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref6
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref6
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref6
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref7
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref7
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref7
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref7
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref8
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref8
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref8
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref8
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref9
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref9
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref9
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref9
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref10
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref10
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref10
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref10
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref11
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref12
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref12
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref12
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref12
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref12
https://www.lls.org/facts-and-statistics/overview/childhood-blood-cancer-facts-and-statistics
https://www.lls.org/facts-and-statistics/overview/childhood-blood-cancer-facts-and-statistics
https://www.lls.org/facts-and-statistics/overview/childhood-blood-cancer-facts-and-statistics
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref14
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref14
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref14
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref14
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref14
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref15
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref16
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref16
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref16
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref17
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref17
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref17
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref17
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref17
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref18
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref18
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref18
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref18
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref19
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref20
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref20
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref20
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref21
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref21
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref21
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref21
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref22
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref22
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref22
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref22
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref22
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref23
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref23
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref23
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref23
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref24
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref25
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref25
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref25
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref25
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref25
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref26
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref26
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref26
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref26
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref26
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref27
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref27
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref27
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref28
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref28
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref28
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref28
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref29
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref29
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref29
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref29
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref30
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref31
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref31
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref31
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref32
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref32
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref32
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref33
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref33
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref33
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref33
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref34
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref34
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref34
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref34
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref35
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref35
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref35
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref35
https://doi.org/10.1016/j.ijoa.2013.01.003
https://doi.org/10.1016/j.ijoa.2013.01.003
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref37
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref37
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref37
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref37

Epidural blood patch in oncology | 1207

38.

39.

40.

41.

42.

43.

45.

46.

Terwilliger T, Abdul-Hay M. Acute lymphoblastic leuke-
mia: a comprehensive review and 2017 update. Blood
Cancer ] 2017; 7: e577

Lowery S, Oliver A. Incidence of postdural puncture
headache and backache following diagnostic/therapeutic
lumbar puncture using a 22G cutting spinal needle, and
after introduction of a 25G pencil point spinal needle.
Paediatr Anaesth 2008; 18: 230—4

Herrlinger U, Glantz M, Schlegel U, Gisselbrecht C,
Cavalli F. Should intra-cerebrospinal fluid prophylaxis be
part of initial therapy for patients with non-Hodgkin
lymphoma: what we know, and how we can find out
more. Semin Oncol 2009; 36: S25—34

Kline NE, Sevier N. Solid tumors in children. J Pediatr Nurs
2003; 18: 96—102

Chen CH, Sheu]JJ, Lin YC, Lin HC. Association of migraines
with brain tumors: a nationwide population-based study.
J Headache Pain 2018; 19: 111

Leffert LR, Schwamm LH. Neuraxial anesthesia in partu-
rients with intracranial pathology: a comprehensive re-
view and reassessment of risk. Anesthesiology 2013; 119:
703—18

. Sperry RJ, Gartrell A, Johnson JO. Epidural blood patch can

cause acute neurologic deterioration. Anesthesiology 1995;
82: 303-5

Vaquero Roncero LM, Sanchez Montero FJ, Muriel
Villoria C. [Effectiveness of epidural administration of
saline solutions to prevent or treat postdural puncture
headache]. Rev Esp Anestesiol Reanim 2004; 51: 589—94
Barrios-Alarcon J, Aldrete JA, Paragas-Tapia D. Relief of
post-lumbar puncture headache with epidural dextran 40:
a preliminary report. Reg Anesth 1989; 14: 78—80

47.

48.

49.

50.

51.

52.

53.

Cesur M, Alici HA, Erdem AF, Yuksek MS. Epidural blood
patch with allogeneic blood for post-dural puncture
headache. Int ] Obstet Anesth 2005; 14: 261—2

Trentman TL, Hoxworth JM, Kusne S, Torloni AS, Patel NP,
Rosenfeld DM. Allogeneic epidural blood patch in the
setting of persistent spinal headache and disseminated
coccidioidomycosis. Pain Physician 2009; 12: 639—43
Horlocker TT, Wedel DJ. Regional anesthesia in the
immunocompromised patient. Reg Anesth Pain Med 2006;
31: 334—45

Wang LP, Hauerberg J, Schmidt JF. Incidence of spinal
epidural abscess after epidural analgesia: a national 1-
year survey. Anesthesiology 1999; 91: 1928—-36

Tom DJ, Gulevich §J, Shapiro HM, Heaton RK, Grant I.
Epidural blood patch in the HIV-positive patient. Review
of clinical experience. San Diego HIV Neurobehavioral
Research Center. Anesthesiology 1992; 76: 943—7

Society for Obstetric Anesthesia and Perinatology. The
Society for Obstetric Anesthesia and Perinatology Inter-
disciplinary Consensus Statement on Neuraxial Proced-
ures in Obstetric Patients With Thrombocytopenia.
Available from https://www.soap.org/index.php?
option=com_content&view=article&id=73:consensus-
statements—practice-advisories&catid=20:site-
content&Itemid=152 (accessed 11 February 2021).
Horlocker TT, Vandermeuelen E, Kopp SL, Gogarten W,
Leffert LR, Benzon HT. Regional anesthesia in the patient
receiving antithrombotic or thrombolytic therapy: Amer-
ican society of regional anesthesia and pain medicine
evidence-based guidelines (fourth edition). Reg Anesth Pain
Med 2018; 43: 263—309

Handling editor: Jonathan Hardman


http://refhub.elsevier.com/S0007-0912(21)00032-5/sref38
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref38
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref38
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref39
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref40
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref41
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref41
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref41
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref42
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref42
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref42
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref43
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref43
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref43
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref43
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref43
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref44
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref44
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref44
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref44
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref45
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref45
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref45
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref45
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref45
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref46
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref46
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref46
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref46
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref47
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref47
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref47
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref47
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref48
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref48
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref48
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref48
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref48
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref49
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref49
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref49
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref49
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref50
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref50
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref50
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref50
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref51
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref51
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref51
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref51
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref51
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
https://www.soap.org/index.php?option=com_content&amp;view=article&amp;id=73:consensus-statements---practice-advisories&amp;catid=20:site-content&amp;Itemid=152
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53
http://refhub.elsevier.com/S0007-0912(21)00032-5/sref53

	Epidural blood patch for post-dural puncture headaches in adult and paediatric patients with malignancies: a review
	Editor's key points
	Epidural blood patch procedure
	Results
	Acute myelogenous leukaemia
	Acute lymphoblastic leukaemia
	Non-Hodgkin lymphoma
	Solid tumours

	Discussion
	Conclusions
	Authors' contributions
	Acknowledgements
	Declarations of interest
	Funding
	References


