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Abstract: Post-dural puncture headache (PDPH) is a common adverse outcome following puncture of the dura. It can occur after 
inadvertent dural puncture during epidural catheter placement or following diagnostic or therapeutic LP. The incidence of PDPH in 
pediatric patients has been estimated at 1–15% depending on patient factors (age, gender, body mass index) and needle factors (size 
and needle bevel/point type). The larger the needle gauge, the higher the incidence of PDPH. Various options have been proposed to 
treat PDPH including observation, bed rest, hydration, caffeine, and epidural blood/saline patch. The current manuscript provides 
a review of the use of epidural blood/saline patch in pediatric-aged patients with PDPH. 
Keywords: headache, epidural blood patch, epidural saline patch, dural puncture, epidural catheter

Introduction
Post-dural puncture headache (PDPH) is a common adverse outcome following puncture of the dura. It occurs after 
accidental dural puncture during epidural catheter placement or less commonly, following diagnostic or therapeutic LP. 
According to the International Headache Society (IHS) definition, PDPH is a headache attributed to low cerebrospinal 
fluid (CSF) pressure occurring within 5 days of a lumbar puncture caused by CSF leakage through the dural puncture. 
Headache is usually accompanied by neck stiffness and/or subjective hearing symptoms, remitting spontaneously within 
2 weeks or after sealing of the leak with an epidural patch.1 The incidence of PDPH in the pediatric population has been 
estimated at 1–15% depending on patient factors (age, gender, body mass index) and needle factors (size and needle 
bevel/point type). The larger the needle gauge size used, the higher the incidence of PDPH. Although the incidence is 
approximately 4% for 25–27-gauge needles, the incidence increases to 15% with a 22-gauge needle.2 As the pediatric 
population has a lower compliance of epidural space with relatively low cerebrospinal fluid (CSF) pressure, the 
probability of a PDPH is much lower in younger children, less than 12 years of age. Female gender and low body 
mass index (BMI) are risk factors to develop PDPH.

PDPH generally manifests at 3 days up to 2 weeks following lumbar LP with clinical signs and symptoms of fronto- 
occipital non-throbbing postural headache, as it improves when lying flat and worsens in the upright position.3 The 
influence of positional changes is one of the most important diagnostic criteria for PDPH. Other symptoms include 
nausea, vomiting, hearing impairment, photophobia, low back pain, and neck stiffness. Rarely, there is a paradoxical 
response to positional changes with headache worsening when supine and improving when upright position and while 
sitting upright.4 The primary pathophysiology of PDPH is persistent CSF leakage through the dural puncture site, which 
leads to a reduction in both CSF volume and intracranial pressure (ICP). Therefore, as the patient stands up, the reduction 
of ICP allows the brain to shift in a caudal direction, resulting in stretching of pain sensitive fibers of the dura as well as 
dilatation of cerebral blood vessels leading to headache. One of the important differential diagnoses is meningitis or 
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meningo-encephalitis from infectious agents (bacterial, viral, or fungal). Headache (diffuse or localized), fever, mental 
status changes, meningeal signs (eg, nuchal rigidity), photophobia, vomiting, positive Kernig’s and Brudzinski’s signs 
may be suggestive of an infectious process. In these cases, meningitis should be confirmed by CSF analysis.

Etiology of PDPH
As the optimal way to manage PDPH is the prevention, it should be appreciated that various factors have been reported to impact 
its incidence. Patient-related, needle-related, and procedure-related factors may impact the incidence of PDPH. Patient-related 
factors that increase the incidence of PDPH include older age (>10 years), female gender (2–3 times higher incidence), higher 
BMI, higher opening pressure, and a history of prior PDPH or chronic headache disorders (pseudotumor cerebri). Procedural 
related factors focus primarily on the needle type and its trajectory through the dural fibers.5 The incidence of PDPH is lower with 
a smaller, pencil point needle such as a Whitacre or Sprotte needle which has a closed tip shaped like that of the end of a pencil 
with a hole on the side of the needle near the tip. These needles are different from a Quincke cut needle where the hole is at the 
end of the needle. The Whitacre and Sprotte needle may reduce the incidence of PDPH by theoretically splitting or separating 
instead of cutting dural fibers (high level of certainty). The incidence is also lower with needle placement using a steeper angle 
while orienting the bevel parallel to the longitudinal neural axis so that the dural fibers are separated and not cut. Replacement of 
the stylet before withdrawing the non-cutting needle may also be beneficial. Additional procedure-related factors include the 
number of attempts and the level of experience of the provider (moderate level of certainty). There remains conflicting evidence 
regarding the impact of the volume of CSF removed, the position of the patient during the procedure (sitting versus lateral), the 
use of saline or air for loss of resistance during epidural catheter insertion, preoperative fluid administration and hydration, and 
duration of bed rest after dural puncture. However, regardless of the technique, type of needle, and associated risk factors, PDPH 
may still occur, especially in situations where repeated LPs, which may be necessary such as oncological patients who need 
monitoring for potential central nervous system (CNS) involvement or intrathecal chemotherapy.3,6–8

Treatment of PDPH
Management of PDPH is essential as if left untreated, it may result in persistent backache, chronic headache, cranial nerve 
dysfunction, subdural hematoma, or cortical vein and cerebral venous sinus thrombosis.9 The first step in the treatment of 
PDPH includes conservative modalities, as it is generally a self-limiting complication. Conservative management strategies 
include bed rest, supine positioning, oral or intravenous (IV) fluid administration to avoid dehydration, caffeine, and oral 
non-opioid analgesic agents as acetaminophen or non-steroid anti-inflammatory drugs (NSAIDs).10 Although bed rest and 
supine positioning decrease the intensity of PDPH, there is limited evidence-based medicine to demonstrate its efficacy in 
decreasing the actual duration or PDPH or increasing the chances of resolution.11 The same is true for bed rest following LP 
and its impact on the incidence of PDPH. Similarly, there is a lack of evidence-based medicine to demonstrate the efficacy 
of hydration on shortening the duration or decreasing the incidence of PDPH.

Since 1949, different doses of methylxanthine derivatives or caffeine have been used for the treatment of PDPH. 
Caffeine has 2 postulated mechanisms of action in treating PDPH as it is an adenosine antagonist and thereby causes 
cerebral vasoconstriction that leads to a reduction in cerebral blood flow (CBF) and brain blood volume. Additionally, it 
stimulates the sodium-potassium pump and increases CSF production.12 Both oral and IV caffeine sodium benzoate 
formulations may result in a transient reduction in pain scores. Oral caffeine is well absorbed, more convenient, and less 
expensive. Although generally safe, the adverse effect profile of caffeine (oral and IV) includes restlessness, palpitations, 
cardiac dysrhythmias, seizures, and irritation of gastrointestinal tract. Caffeine dosing is weight-based and dependent on 
the patient’s ability to tolerate oral medications. For patients that weigh more than 40 kg, dosing is 200 mg PO every 12 
hours. For patients that weight 20 to 40 kg, the dose is 100 mg PO every 12 hours. If the patient is unable to take oral 
medications, IV caffeine sodium benzoate can be administered in a single dose of 10 mg/kg (maximum dose of 500 mg), 
repeat times one in 4 hours if needed.13–15 Spontaneous resolution or the therapeutic effects of the above-mentioned 
measures, including conservative management, result in headache resolution in up to 85% of cases.16
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Epidural Blood Patch to Treat PDPH
If the above-mentioned measures fail to improve the symptoms within 2–3 days, epidural blood patch (EBP) may be 
considered. Although the ideal time to wait prior to EBP remains controversial, several retrospective studies reported an 
increased success rate when EPB is performed within 24–48 hours after dural puncture. In a cohort of 24 patients with 
inadvertent dural puncture with an 18-gauge Tuohy needle, Loeser et al reported failure of EBP in 71% of patients when 
EBP was placed within 24 hours of dural puncture versus only a 4% failure rate when the EBP was placed after 24 
hours.17,18 In adults, the recommended volume to be used for an EBL is a maximum of 20 mL. However, less is used, and 
injection stopped if the patient complains of back pain, tightness or a paresthesia in the lower extremity. In pediatric 
population, placement of an EBP is generally performed in a sedated or anesthetized patient. Therefore, the recommended 
volume of blood is 0.2–0.3 mL/kg with the added recommendation to stop injection if there is increased resistance.19,20 

Despite its therapeutic role in treating an established PDPH, there is no documented role of EBP as prophylaxis against 
PDPH. It appears that previous reports that were supportive of a prophylactic EBP (placed at the time of dural puncture prior 
to the onset of headache) were influenced by selective bias as well as a non-randomized observational study design.21

Placement of an EBP follows the same processes as lumbar puncture or epidural catheter placement. Following 
explanation to patient/family and informed consent, standard American Society of Anesthesiologists’ monitors are placed 
and a large bore intravenous cannula placed. As both the identification of the epidural space and obtaining autologous 
blood are to be performed using sterile technique, the anesthesia provider creates two sterile fields: one for drawing 
autologous blood and the other for identification of the epidural space. The sitting position may be feasible for 
adolescents who can tolerate the procedure without either aggravating his/her headache or the need for general anesthesia 
or deep sedation. Prone positioning is an option as well if fluoroscopic guidance will be used. Once sedation or general 
anesthesia has been administered, the epidural space is identified using the loss of resistance technique, the needle is left 
in place, and autologous blood is drawing using sterile technique from an available vein (Figure 1). Venipuncture and 
phlebotomy can be performed by an assistant or second anesthesia provider to facilitate the procedure. As the injected 
blood spreads more cephalad than caudad, the epidural needle is inserted at the lowest interspace that was entered or one 
interspace below the lowest puncture site if there were multiple needle insertion sites during the previous procedure. 

Figure 1 Demonstration of technique of epidural blood patch with placement of autologous blood into the epidural space.
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Generous use of local anesthesia is recommended given the frequent presence of paravertebral muscle spasm and 
sensitized spinal segments from the prior procedure. The epidural procedure will be initiated using loss of resistance 
to saline in order to identify the epidural space. Once the procedure is completed, the patient lies supine with minimal 
movement for at least two hours in order to give time for clot formation at the desired level. Symptoms specifically 
headache should improve within minutes of procedure; however, in complex or resistant cases, the EBP may need to be 
repeated, but only if some improvement in symptoms is noted with the first EBP. If the first EBP has no effect and the 
procedural technique was sound, other etiologies of the headache must be considered, perhaps in consultation with other 
specialists such as pain physicians or neurologists. Additionally, neuroimaging may be needed to investigate other 
etiologies or confirm intracranial hypotension. Imaging at the level of the LP may be needed to identify the level of the 
dural tear, the presence of single or multiple tears, and to perform targeted or high volume EBP.22,23

Epidural Blood Patch: History, Mechanism of Action, Contraindications, 
and Adverse Effects
In 1960, Dr. James Gormley, a general surgeon in Pennsylvania, was the first to report preliminary experience with the 
injection of small volumes (2–3 mL) of autologous blood in the epidural space to treat PDPH.24 The theory behind the 
potential efficacy of EBL was based on the observation that a bloody tap is associated with a decreased incidence of 
PDPH. He believed that replacement of intra-arachnoid fluid volume would result only in temporary relief of headache. 
However, to achieve permanent relief, he postulated that an EBL should be placed after restoration of CSF volume. 
Within 4 days of the original LP for diagnostic purpose of placement of spinal anesthesia, a Tuohy needle was advanced 
through the same intervertebral level and 15 mL of sterile 0.9% saline was injected to theoretically restore intra- 
arachnoid fluid. The Tuohy needle was then withdrawn into the epidural space and 2 mL of autologous blood injected. 
Patients were kept recumbent and intravenous hydration provided (1 liter of fluid). Headache relief occurred in 7 patients 
including the author himself, who had an LP myelographic examination of a herniated intervertebral disc. Despite the 
successes reported, this novel therapeutic intervention was not widely applied. In 1970, Dr. Anthony DiGiovanni, an 
anesthesiologist, adopted and refined the concept of EBP, reporting the injection of 10 mL of autologous blood into the 
epidural space.25 Forty-five patients were treated with resolution of the headache in 41 patients. An additional 5 patients 
received a prophylactic EBP following lumbar puncture with none of the 5 developing a headache.

The primary goal of EBP is to seal the puncture site, allow the re-accumulation of CSF, restoration of ICP, and 
reversal of cerebral vasodilatation. There are two hypotheses postulated to explain the mechanism of action of an EBP. 
The first is the “pressure patch” hypothesis in which blood spreads in both directions preferably cranially over several 
segments within the epidural space. This blood compresses the thecal sac, increasing both epidural and subarachnoid 
(ICP) pressure. The increase in ICP, epidural, and subarachnoid pressure reduces the caudad movement of the brain when 
the patient assumes the upright position and hence relieves traction on pain sensitive fibers of the dura, thereby relieving 
the headache.26 The other hypothesis is the “plug” theory which postulates that the injected blood in the epidural space 
coagulates, forming a gelatinous plug, sealing the dural hole and preventing further CSF leakage into the epidural space. 
Regeneration of CSF restores CSF pressure and alleviates the headache, in the absence of continued loss.27

There are a limited number of absolute contraindications to EBP including coagulation disturbances, local infection at 
the insertion site, anatomic abnormalities, and sepsis.28 The success rate of EBP has been reported to be as high as 70– 
98%. The procedure can be repeated if the first attempt fails to relieve the symptoms. Approximately 30% of patients 
require a second EBP, following which 50% experience complete relief, 36–38% experience partial relief, and 12–14% 
experience no relief.29 Adverse effects related to EBP include neck stiffness, vertigo, tinnitus, and transient paresthesia in 
the lower extremities during injection.16,30

Aside from blood, various other fluids have been injected into the epidural space of when the use of autologous blood 
is refused, contraindicated, or has failed. This has included saline, hydroxyethyl starch (dextran), fibrin glue, and 
dexamethasone.31–35 In 1949, Flowers et al were the first to report treatment of PDPH by the epidural injection of 
saline.31 Subsequently, McCord et al reported their experience with the injection of normal saline (70–100 mL) into the 
epidural space to treat PDPH in a cohort of 15 obstetrical patients.32 A second injection of normal saline was offered to 3 
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of the 15 patients who experienced a recurrence of their symptom within 24–48 hours. All patients reported permanent 
relief of their headache. Mehl reported a novel maneuver to prevent the development of PDPH using the potential 
tamponading effect of epidural saline (10–15 mL).33 After the intrathecal injection of the local anesthetic agent through 
a 22-gauge spinal needle, the needle was withdrawn into the epidural saline and normal saline injected. Three patients of 
100 (3%) in the study cohort developed a PDPH during the post-partum period. Two achieved immediate relief of 
symptoms after the injection of 40 mL of normal saline into epidural space through a caudal approach. The third patient 
was treated with epigastric pressure as well as small doses of both codeine and aspirin.

Dextran has also been injected into the epidural space to treat PDPH. With a higher molecular weight and viscosity than 
normal saline, it remains longer in the epidural space before it is absorbed, which may enhance healing of the dura. Barrios- 
Alarcon et al reported the successful treatment of PDPH in 56 adults following the epidural administration of dextran 40 
(average volume of 20 mL) after failure of other conservative measures including bed rest, intravenous hydration, oral 
corticosteroids, opioid and non-narcotic analgesics as well as invasive measures (EBP or epidural saline patch).34 No 
recurrence of symptoms was observed. However, the most recent evidence does not support routine use of epidural dextran, 
gelatin, or hydroxyethyl starch to treat PDPH.1

Although off-label, anecdotal evidence has also suggested the potential utility of the epidural injection of fibrin sealant or glue 
to treat PDPH.35–38 Although anecdotal, success has generally been reported in these studies even when fibrin glue was used after 
failed EBP. Fibrin sealant is a common neurosurgical adjunct administered to enhance a watertight dural closure during open 
procedures as it has a high tensile strength. The fibrin plug theory hypothesizes that adhesion created at the dural tear promotes 
healing by stimulation of fibroblasts. It also has a direct tamponading effect, which provides an additional therapeutic role. To 
avoid the potential complications of inadvertent intrathecal injection including a chemical meningitis, epidural positioning of the 
needle before injection of the fibrin glue can be documented by contrast injection.

Although the epidural injection of corticosteroids is a well-established treatment modality for pain, its use in the prevention or 
treatment of PDPH remains controversial.39,40 Its postulated analgesic mechanisms relate to its local anti-inflammatory effects 
with suppression of the synthesis of inflammatory mediators. Various non-randomized and retrospective trials have suggested the 
utility of epidural corticosteroids in preventing PDPH.39–41 To date, there are no data regarding the use or potential efficacy of 
epidural corticosteroids in the prevention or treatment of PDPH in pediatric-aged patients.

In severe refractory headache, sphenopalatine ganglion block has been used successfully in both adult and pediatric-aged 
patients.42–44 Sphenopalatine ganglion blockade is easy to perform using a cotton tipped applicator and an intranasal approach, 
minimally invasive, and provide a safer alternate to an EPB. Bhettay A et al reported a 3-year-old boy, 16 kg with complicated 
Hirschsprung’s disease, who was scheduled for redo endorectal pull-through. The anesthetic plan was a combined general- 
epidural anesthesia technique. While performing placement of the thoracic epidural catheter placement (T11), unintentional dural 
puncture with backflow of CSF was encountered. The second attempt at T12 was successful. Postoperatively, the revised FLACC 
pain score was 1/10. At 28-hours following the dural puncture, his mother reported that the patient had a headache with pain score 
8/10. Conservative treatment included supine position, IV fluids, and ibuprofen. After failure of conservative treatment, bilateral 
sphenopalatine ganglion blocks were placed. The patient’s headache resolved, and he remained comfortable. At his 2-week 
follow-up, his mother reported that his headache never returned.44

Epidural Blood for PDPH in Children and Adolescents
In addition to the reports in the adult population, both EBP and ESP have been used to control pediatric PDPH resistant 
to conservative measures (Tables 1–2).45–60 The first of these reports was published in 1984. Purtock RV et al reported 
a 9-year-old, 39 kg boy who developed severe bifrontal postural headache with nausea and vomiting after diagnostic 
lumbar puncture.40 Conservative treatment at home using oral propoxyphene napsylate and trimethobenzamide was 
unsuccessful. An EBP was performed at L4-5, under general anesthesia, using 5 mL of autologous blood. His headache 
was completely resolved after recovery from general anesthesia.

The literature contains a total of 17 published reports regarding the use of an EBP in pediatric-aged patients.2,45–60 All of these 
reports are relatively anecdotal with 15 being single patient case reports and two being retrospective case series including 41 and 7 
patients. The first and largest series to date was reported by Kokki et al, who evaluated the effectiveness of EPB in 41 pediatric- 
aged patients over a 10-year period at two different hospitals. They used standard diagnostic criteria for diagnosing PDPH 
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Table 1 Case Reports of Successful First Trial Epidural Blood Patch for PDPH in Pediatric Patients

Authors Patient 
Demographics

Etiology/Needle Size/Onset Clinical Picture and Management

Kokki 
M et al2

41 pediatric patients 
(24 girls and 17 boys), 
3–18 years of age.

Diagnostic LP (n=26), spinal anesthesia/analgesia (n=11), 
introduction of chemotherapy (n=2), inadvertent dural puncture 
during epidural catheter placement (n=4).

Postural headache, nausea, and vomiting. All patients were treated with bed 
rest and other conservative treatments before EBP. Twenty-three of 24 
patients with a EBP with a volume ≥ 0.25 mL/kg reported complete and 
persistent resolution of the symptoms compared to 12 of the 17 patients 
with less than 0.25 mL/kg of autologous blood for the EBP.

Purtock  
RV et al45

9-year-old boy, 39 kg. Diagnostic LP. 
Needle gauge: 22 gauge at L3-4. 
Onset: one day after procedure.

Severe postural fronto-occipital headache with nausea and vomiting. 
Conservative treatment using oral propoxyphene and trimethobenzamide 
was unsuccessful. EBP at L4-5, under general anesthesia with 5 mL 
autologous blood. Headache completely resolved.

Robbins  
KB et al46

12-year-old boy, 
weight not reported

Presumed PDPH. LP preformed to exclude meningitis.  
Needle: 20 gauge.  
Onset: few days after procedure.

Bifrontal postural headache with inability to perform daily activities. 
CT normal. Conservative treatment with bed rest, hydration, analgesic 
agents, and psychological support failed to improve symptoms for 6 
weeks. EBP at L4-5 under local anesthesia with 8 mL autologous blood. 
Immediate improvement with complete relief of pain.

Roy  
L et al47

7-year-old girl, 23 kg. Lumbar epidural catheter for urological procedure.  
Needle: 17 gauge at L3-4.  
Onset: early postoperative period.

Several episodes of nausea and vomiting. Postural headache and neck 
pain started on POD 2. Conservative treatment: failed to improve her 
symptoms. EBP at L4-5 under sedation with 10 mL autologous blood. 
Headache completely resolved.

Ylönen 
P et al48

7 pediatric patients 6– 
12 years old (4 boys, 3 
girls).

Diagnostic LP (n=4), spinal anesthesia (n=2), hygroma therapy 
(n=1). 
Needle: 22–27 gauge. 
Onset: immediately (n=3), after 1 day (n=2), after 2 days (n=2).

Six children had one LP and one child had two LPs before PDPH 
developed. Symptoms included low back pain, vomiting, neck stiffness, 
and vomiting. Conservative treatment was unsuccessful. EBP was 
performed with 0.3 mL/kg of autologous blood at the same vertebral 
interspace or one above or below where the LP had been performed.

Cassady  
JF Jr.49

11-year-old boy. Bilateral hip abductor and hamstring release under spinal 
anesthesia. 
Needle: no information 
Onset: postoperatively

Postural headache, dizziness, and intermittent bilateral lower 
extremity pain. Conservative treatment failed. EBP at L4-5 under 
sedation using 10 mL of autologous blood. Immediate relief.

Liley A.50 11-year-old, 30 kg girl. Epidural catheter for postoperative analgesia after pyeloplasty. 
Needle: 18 gauge 
Onset: POD 1.

Positional headache and intractable nausea. Conservative treatment 
improved symptoms. Discharged on oral caffeine. Readmitted with 
severe headache and nausea. EBP at L3-4 using local anesthesia using 
8.5 mL of autologous blood. Immediate relief of symptoms.

Nafiu OO 
et al51

15-year-old, obese 
adolescent.

LP for management of idiopathic intracranial hypertension. 
Needle: 22 gauge at L3-4. 
Onset: 24 hours after the procedure.

Postural occipital headache without any other associated symptoms. 
Conservative treatment failed. EBP at L3-4 under local anesthesia using 
15 mL of autologous blood. Immediate improvement of the headache 
was noted.

ApillioğluS 
et al52

2 patients (10 and 8 
years old).

Spinal anesthesia: urethral fistula and inguinal hernia repair. 
Needle: 26 gauge (L4-5) 
Onset: POD 3 and 1.

Positional headache, nausea, backache, and vomiting. No response to 
conservative treatment. For one patient, EBP at L4-5 under sedation 
using 0.3 mL/kg of autologous blood. Immediate relief of symptoms. 
For the other patient, ESP at L4-5 using 0.3 mL/kg of saline. One day 
following procedure, his symptoms improved.

Haruna 
J et al53

5-year-old girl. Epidural catheter for orthopedic procedure under general 
anesthesia. 
Needle: no information. 
Onset: 4 days after procedure.

Severe postural headache. Limited information available about other 
treatments provided or technique of EBP. Immediate relief of 
symptoms was noted.

Lee DH 
et al54

6-year-old, 16 kg boy. Diagnostic lumbar puncture 
Needle: no information 
Onset: 2 days after the procedure

Postural headache, nausea and vomiting. Conservative treatment 
failed. EBP at L4-5 under ketamine sedation using 2 mL of autologous 
blood. Symptoms disappeared within 12 hours.

Hunyady  
AI et al55

14-year-old girl. Lumbar drain placed for frontal sinus surgery. 
Needle gauge: not reported. 
Onset: after removal of the drain.

Severe postural headache accompanied by nausea, vomiting, and 
refusal to ambulate. EBP was performed one interspace above the 
lumbar drain insertion site, under general anesthesia, using 15 mL 
(0.3 mL/kg) of autologous blood. Headache resolved.

Franklin  
AD et al56

2-year-old girl, 13 kg. Thoracic epidural under fluoroscopy guidance. 
Needle: 18 gauge Tuohy (T6-7). 
Onset: POD 1.

Intermittently irritable with CSF leak. Fluid leakage increased with 
sitting or agitation. Failed conservative management. EPB at T6-7 
under general anesthesia with 4.5 mL (0.3 mL/kg) of autologous blood. 
Immediate cessation of CSF leak.

(Continued)
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Table 1 (Continued). 

Authors Patient 
Demographics

Etiology/Needle Size/Onset Clinical Picture and Management

Cornman- 
Homonoff 
J et al57

3-year-old girl. Postoperative (tethered cord release). 
Onset: POD 14

Episodic neck pain, occipital headache, emesis, and lethargy. CT 
suspicious for intracranial hypotension. Conservative management 
with bed rest, caffeine, analgesics, and corticosteroids with no 
improvement. EBP was performed at L3-4 on POD 17 with 6 mL of 
autologous blood. Immediate improvement of symptoms was 
observed.

Heine CL 
et al58

17-year-old boy, 
127 kg.

Multiple lumbar puncture attempts. 
Needle: 22 gauge. 
Onset: not reported.

Postural headache and nausea. Conservative treatment failed. EBP at 
level below lowest LP site under general anesthesia with 13 mL 
autologous blood through epidural catheter. Complete resolution of 
symptoms.

Al 
Wosaibai 
A et al59

8-year-old boy, 17.3 kg. Multiple LP attempts. 
Needle: 22 gauge. 
Onset: 2 days.

Headache, non-projectile vomiting, and lethargy conservatively 
managed with paracetamol, granisetron, and hydration. Antibiotic and 
antiviral therapy initiated for possible meningitis. CT showed increased 
ICP, followed by MRI which showed intracranial hypotension and 
extensive CSF leak. EBP at L4-5 (below needle puncture mark), under 
general anesthesia using 6 mL (0.34 mL/kg) of autologous blood. 
Improvement within 18 hours.

Silva 
R et al60

10-year-old girl, 26 kg. Post-intrathecal chemotherapy. 
Needle gauge: not reported. 
Onset: 4 hours after last LP.

Orthostatic headache, neck pain, and scotomas. Conservative 
treatment failed. EBP performed at L4-5, under sedation using 8 mL of 
autologous blood. Resolution of symptoms.

Abbreviations: LP, lumbar puncture; PDPH, post-dural puncture headache; EBP, epidural blood patch; POD, postoperative day; CT, computed tomography; ESP, epidural 
saline patch.

Table 2 Miscellaneous Reports of Repeat EBP, ESP, or Epidural Fibrin Glue

Authors Patient 
Demographics

Etiology/Needle Size/Onset Clinical Picture and Management

Borges  
BC et al61

4 year old, 17 kg girl. Lumbar drain for transnasal endoscopic 
encephalocele repair. 
Needle: 14 gauge. 
Onset: 30 days.

Frontal postural headache, nausea, and vomiting for 4 days. CT imaging showed intact 
encephalocele repair with numerous fluid-containing pockets in the lumbar epidural space. 
Conservative treatment failed. 
1st EBP at L5-S1, under general anesthesia with 7 mL (0.4 mL/kg) autologous blood failed. 
2nd EBP at L4-5 with 13 mL (0.76 mL/kg) autologous blood, 48 hours after 1st EPB led to 
resolution of headache.

D’souza 
G et al62

11 year old boy. Lumbar puncture for exclusion of 
meningitis. 
Needle: 22 gauge (L3-4). 
Onset: immediate.

Postural headache and dizziness. Conservative treatment failed. 
1st EBP: 20 mL of autologous blood at L3-4 with partial improvement. 
2nd EBP: 30 mL of autologous blood at L3-4 with no improvement. 
3rd EPB: 32 mL of autologous blood at L2-3 with no improvement. 
4th EBP: 20 mL of autologous blood through transforaminal needle in the epidural space with 
partial improvement. 
5th ESP: continuous normal saline infusion in epidural space at L3-4 at rate of 10–16 mL/hour 
for 48 hours with further improvement in his headache, dizziness, and vomiting.

Kara 
I et al63

10-year-old, 39 kg boy. Spinal anesthesia for inguinal hernia 
repair. 
Needle: 25 gauge. 
Onset: one day after surgery.

Postural headache, nausea, and vomiting. Conservative treatment initiated; however, parents 
requested epidural patch. ESP performed at L4-5, under sedation using 8 mL saline. 
Immediate relief.

Roberts  
JM et al64

10-year-old, 30.2 kg 
boy.

Diagnostic lumbar puncture. 
Needle: 22 gauge. 
Onset: first 48 hours after procedure.

Postural headache, nausea, and vomiting. Conservative treatment: only symptomatic relief in 
supine position. 
1st EBP at L2-3, under general anesthesia with 17 mL (0.56 mL/kg) of autologous blood 
(0.56 mL/kg) resulted in resolution of symptoms for 3 days. Epidural fibrin sealant (4 mL) 
injected at L3-4 with permanent relief of symptoms.

Armstrong 
et al65

Three patients, ranging 
in age from 9–14 years.

Diagnostic lumbar puncture (n=2) and 
epidural catheter for hip procedure 
(n=1). 
Needle: no information 
Onset: not reported

Postural headache and back pain. Conservative treatment failed. In addition. EPB with no 
improvement. Epidural fibrin glue injection resulted in complete resolution of symptoms.

Abbreviations: EBP, epidural blood patch; ESP, epidural saline patch; CT, computed tomography.
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including a headache, which develops within 5 days of an LP, worsens within 15 minutes after assuming an upright position, and 
improves within 15 minutes after resuming a recumbent position. The patient should also have at least one associated symptom 
such as neck stiffness, tinnitus, hypacusia, photophobia or nausea. Conservative treatment before EBP included analgesic agents, 
caffeine, and bed rest. Complete and persistent resolution of symptoms were noted after EBP were noticed in 35 of 41 patients. 
Although it did not reach statistical significance, 23 of 24 patients with an EBP using a volume ≥0.25 mL/kg reported complete 
and persistent resolution of the symptoms compared to 12 of 17 patients with less than 0.25 mL/kg of autologous blood for the 
EBP. There was no correlation with duration of bed rest after EBP and its efficacy. The authors also suggested the potential to use 
gelatin instead of autologous blood in a patient who was febrile to avoid the potential risk of spreading an infection or oncologic 
processes.

The remaining literature includes a total of 23 patients from 16 reports. The patients varied in age throughout the use 
of pediatric range from 2 to 17 years old. The etiology of the PDPF included diagnostic or therapeutic LP, inadvertent 
dural puncture during attempted epidural catheter placement, lumbar drain for CSF removal during sinus surgery, and 
postoperative CSF following a neurosurgical procedure. The size of the needle resulting in the dural puncture most 
commonly included a 22-gauge needle for LP or a 17–18-gauge epidural needle. In addition to headache (generally 
postural), signs and symptoms included nausea/vomiting, neck pain, neck stiffness, refusal to ambulate, and visual 
changes. In the majority of cases, radiologic imaging was not obtained and conservative treatment measures failed. 
Although not reported in all cases, the amount of autologous blood generally varied 0.15–0.5 mL/kg with the majority of 
cases using approximately 0.3 mL/kg. In the reported cases, the response was favorable with immediate resolution of 
headache and other symptoms. No recurrences or treatment failures were noted in these patients.

Aside from previous reports of successful primary EBP, there are additional anecdotal reports involving repeat EBP, 
ESP, and epidural fibrin glue (Table 2).61–65 These reports include a total of 7 patients from 4 case reports and one case 
series. Similar to the reports outlined in Table 1, the patients varied in age from 4 to 14 years old. The etiology of the 
PDPF included diagnostic LP, inadvertent dural puncture during epidural catheter for postoperative analgesia following 
a surgical procedure, spinal anesthesia for inguinal hernia repair, and lumbar drain placement for CSF decompression 
during and following transnasal endoscopic encephalocele repair. The size of the needle resulting in the PDPH varied 
from 14 to 25 gauge. The primary complaint was postural headache associated with nausea and vomiting. One of the 
single case reports discussed the efficacy of a repeat EBP with a larger volume of autologous blood (0.76 mL/kg versus 
0.4 mL/kg) for treatment of PDPH.61 Two of the reports outlined the use of epidural saline.62,63 One reported successful 
headache resolution after a 48-hour continuous infusion of epidural saline when 4 previous EBPs had failed, while the 
other reports a single case of a primary ESP. The remaining two reports outlined presented anecdotal experience with the 
use of epidural fibrin glue when EBP failed to resolve PDPH in a total of 4 pediatric patients.64,65

Summary
EBP remains a time-honored therapy for PDPH when conservative treatment fails. It was first reported in adults in 1960. To date, 
all reports regarding the efficacy of EBP in both adult and pediatric patients remain retrospective, thereby limiting the availability 
of true evidence-based medicine. As these cases are retrospective, there is likely to be reporting bias with reports generally 
focusing on positive clinical outcomes. The reports of failed EBP from the literature are limited to those, which report the use of 
other treatment modalities including repeat EBP, ESP, and epidural fibrin glue. The failed cases of EBP are reported to show the 
potential benefit of other treatment modalities (ESP, epidural fibrin glue) when EBP fails.

Reports have included various etiologies of the PDPH with varying sizes of needles including diagnostic/therapeutic 
LP, LP for spinal anesthesia, inadvertent dural puncture during epidural catheter placement for surgical or postoperative 
care, lumbar CSF drain placement, or a surgical procedure with a postoperative CSF leak. The diagnosis is made on 
clinical grounds with limited need for imaging unless the diagnosis is in doubt. Clinical signs and symptoms including 
a postural headache with pain localized to frontal or occipital region. Other signs and symptoms may include nausea/ 
vomiting, neck pain, neck stiffness, refusal to ambulate, and visual changes. EBP is generally recommended after failure 
of conservative measures with limited evidence-based medicine to suggest the efficacy of caffeine. The retrospective 
literature generally suggests improved outcomes when the EBP is placed within 24–48 hours of the onset of symptoms 
with no recommendations for prophylactic EPB. Resolution of symptoms, especially postural headache, is generally 
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immediate. Recommendations for the amount of autologous blood to be used include 20 mL in adults and 0.2–0.3 mL/kg 
in pediatric-aged patients. Anecdotal evidence supports that success may be increased by the use of a larger volume of 
autologous blood (≥0.2 mL/kg). Following the procedure, the patient should remain recumbent for 12–24 hours. 
Although even more anecdotal, ESP or epidural fibrin glue may be considered if there is a contraindication to the use 
of autologous blood.
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