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Introduction
  A lumbar puncture is usually performed for various purposes. 
It can be used for regional anesthesia, or to assist in making a 
differential diagnosis of a potential life-threatening disease, in-
cluding bacterial meningitis and subarachnoid hemorrhage.[1] 
Because the drug concentration in the cerebrospinal fluid (CSF) 
is often used as an important marker of central nervous system 
(CNS) penetration, lumbar puncture is widely used in early 
phase clinical trials of CNS drugs.[2] Post lumbar puncture 
headache (PLPH) can occur at a frequency of 32% in a clinical 

setting.[3] According to the Headache Classification Committee 
of the International Headache Society, PLPH is characterized 
as a “headache [that] has developed within 5 days after lumbar 
puncture and remits spontaneously within 2 weeks. It is usually 
accompanied by neck stiffness and/or subjective hearing symp-
toms”.[4] Serious complications of lumbar puncture, including 
meningitis, epidural hematoma, subdural hematoma, and nerve 
palsy, are rare, but they must be evaluated.[5] We report a case 
of PLPH in a healthy subject participating in the first-in-human 
study of an anti-Parkinson drug. This case was also reported to 
the Institutional Review Board (IRB) of CHA Bundang Medical 
Center as a serious adverse event (SAE).
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The neurologist recommended hospitalization for further evaluation and symptom management, 
and the subject was then admitted to the hospital. There were no abnormal findings in vital signs, 
laboratory results, or brain-computed tomography. His symptoms disappeared during the hospi-
talization period. It was important to distinguish whether the headache was IP-related or lumbar 
puncture-related. Therefore, knowledge of clinical characteristics and differential diagnosis of PLPH 
is paramount. Furthermore, if severe PLPH occurs, a consultation with a neurologist and imaging 
studies should be considered for a differential diagnosis of PLPH.
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cal Trials Center (CTC). The IRB of CHA Bundang Medical 
Center approved the study protocol (IRB number: 2016-07-
067-019), and this study was registered in a public trial registry 
(ClinicalTrials.gov, registration number: NCT03022799). The 
subject received 200 mg of KM-819, the investigational product 
(IP) orally for 7 days. He underwent a lumbar puncture for CSF 
sampling before IP administration (Day 1, pre-dose) and after 7 
days and multiple IP administrations (Day 7, 1 hour post-dose). 
A neurologist performed the lumbar puncture using a traumat-
ic 22G needle. The subject was discharged on the morning of 
Day 8, and started to complain of a severe throbbing headache 
of grade 3 according to the Common Terminology Criteria for 
Adverse Events (CTCAE, version 4), occurring at the bilateral 
frontal areas, one hour after discharge. In addition, he experi-
enced nausea, vomiting, neck stiffness, and numbness of the 
extremities (CTCAE grades 1 or 2). These symptoms occurred 
when he got up and disappeared after he was supine for several 
minutes. We diagnosed the condition as PLPH because he tried 
to remain in the “supine position” to avoid aggravation of head-
ache, which is a characteristic that is more likely to be related to 
the spinal tap than to the IP. Five days later, he visited CTC for 
a follow-up examination. His headache had aggravated, so we 
referred him to the neurology clinic for further evaluation and 
management. The neurologist recommended hospitalization for 
symptom management, and the subject was then admitted to 
the hospital.

Examination
  The subject did not show any abnormal neurological findings 
during a neurologic examination at the neurology clinic. There 
were no abnormal findings in his vital signs, laboratory results, 

or brain-computed tomography (CT) (Fig. 1).

Hospital course
  After admission, the subject was kept in a supine position and 
was hydrated and treated with acetaminophen for his headache. 
The headache improved to be mild in severity, and other symp-
toms disappeared. The subject was discharged on the third day 
of hospitalization, and his headache was completely resolved 
without neurological sequelae two days after discharge.

Discussion
  According to the most recent European Medicines Agency 
guideline, if at least one subject experienced an SAE that could 
be considered to be at least possibly related to an IP adminis-
tration, the investigator should stop dosing and terminate the 
clinical trial.[6] Furthermore, any serious unexpected suspected 
adverse reaction (SUSAR) should be reported to the regulatory 
authorities and independent ethics committees (IEC)/IRB no 
later than 15 days post the occurrence of the adverse reaction. 
Therefore, it was important to distinguish whether the headache 
was IP-related or lumbar puncture-related. PLPH is usually di-
agnosed on the basis of clinical features. The key points that dis-
tinguish PLPH are that it generally appears or worsens within 
15 minutes of an upright postural change and characteristically 
subsides within 30 minutes of recumbence.[3,7] The differential 
diagnosis of PLPH is broadly ranged (Table 1).[8,9] Therefore, 
since many potentially life-threatening conditions, such as 
subarachnoid hematoma and cerebral venous thrombosis, may 
seem to be PLPH, knowledge about the clinical characteristics 
and differential diagnosis of PLPH is paramount. The criteria 
for differential diagnosis include severity, onset, characteristics, 
association with posture, level of consciousness, and other ac-

1. Nonspecific headache

2. Migraine

3. Caffeine-withdrawal headache

4. Meningitis

5. Sinus headache

6. Pregnancy-induced hypertension (pre-eclampsia)

7. Drugs (cocaine, amphetamine)

8. Pneumocephalus-related headache

9. Cerebral venous thrombosis

10. Subdural hematoma

11. Subarachnoid hematoma

12. Brain tumor

13. Lactation headache

14. Stroke (ischemic and hemorrhagic)

15. Posterior leukoencephalopathy

Table 1. Differential diagnosis of headache after lumbar puncture

Figure 1. Brain CT of the subject showing no abnormal finding.
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companying symptoms, such as neck stiffness, fever, visual 
disturbance, photophobia, weakness, ptosis, cranial nerve palsy, 
and seizures. Typical features of potentially life-threatening dis-
eases are summarized in Table 2.[10] According to the subject’s 
symptoms, the headache was much closer to a PLPH than it was 
to other diseases.
  Administration of the IP can also cause headaches. KM-819 
(KR33493) is a fatty acid synthase-associated factor 1 (FAF1) 
inhibitor.[11] A FAF1 can suppress nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) activity through 
cytoplasmic retention of NF-κB p65.[12,13] NF-κB activation 
might be associated with provocation of migraine attacks at the 
neuronal level.[14,15] NF-κB seems to mediate the transcrip-
tional signal to inducible nitric oxide synthase and inflamma-
tory cytokines, and can be activated by various pathological and 
inflammatory stimuli, such as oxidative stress.[16,17] Therefore, 
administration of the IP might provoke migraine attacks by 
activating NF-κB. Actually, the subject did complain of a mod-
erate throbbing headache of the right occipital areas before the 
second lumbar puncture, during the confinement period at the 
CTC. However, unlike with a PLPH, this first headache was not 
alleviated by a supine position, and there were no complaints of 
neck stiffness or back pain. Therefore, this headache might have 
been associated with the IP and also have disappeared after ac-
etaminophen treatment.
  We had thorough discussions during an interim safety meet-
ing to determine any causal relationship between the SAE and 
the IP with sponsor representatives and a medical monitor of 
the contract research organization. The clinical features of both 

a PLPH and a migraine are throbbing with accompanied nau-
sea, vomiting, neck stiffness, and numbness. Therefore, it was 
difficult to distinguish a PLPH from a migraine. However, the 
locations of a PLPH are usually bilateral rather than unilateral, 
as in a migraine.[3,18,19] Because the most important feature 
of a PLPH is aggravation of the headache when in an upright 
position, we ruled out migraines and simple headaches for the 
present case. We also ruled out the possibility of potentially life-
threatening diseases due to lack of abnormal findings in the 
brain CT, a rapid recovery by only conservative treatments, and 
the neurologist’s opinion that the subject’s symptoms had likely 
been caused by the lumbar puncture. Therefore, we concluded 
that the SAE was unlikely to be related to the IP. Hence, the SAE 
would neither require reporting as a SUSAR nor lead to a halt 
to the next dose group. In addition, we did not unblind the sub-
ject, because it was irrelevant for him to know whether he was 
on active or placebo treatment for his severe headache.
  PLPH can also occur after a lumbar puncture in healthy vol-
unteers. Because of the pressure gradient between the intra-
dural and extradural spaces, CSF leaks into the epidural space 
through the hole on the dura mater. The CSF pressure gradient 
in young adults is higher than that in elderly, so CSF loss and 
the risk of a PLPH is more common in young adults.[20] Ac-
cording to one prospective study, the risk of a PLPH was highest 
in 20 to 30-year-old people. This age group was 3-5 times more 
likely to develop a PLPH than those aged greater than 60 years.
[21] Considering that most volunteers of first-in-human studies 
are in this high-risk age group, investigators should pay atten-
tion to the risk of the occurrence of a PLPH when performing a 

Post lumbar 
puncture 
headache

Throbbing fronto-occipital headache, relieved by lying down, interscapular pain, nuchal rigidity, often accom-
panied by dizziness, nausea and vomiting, visual disturbances, photophobia and auditory symptoms, cranial 
nerve palsies, upper and lower limb pain

Meningitis Acute occipital headache, neck stiffness, fever, photophobia

Cerebral tumor
Dull, deep intermittent headache, elevated intracranial pressure, drowsiness, unequal pupils, papilledema, 
convulsions 

Cerebral vein 
thrombosis

Generalized or focal neurological symptoms and signs. Headache in 80% of cases, nausea, vomiting. Psychi-
atric symptoms. There may be an alteration of consciousness or cerebellar uncoordination. Other neurological 
signs include papilledema, focal deficits, or seizures. Papilledema may be associated with transient visual ab-
normalities, while seizures may be focal or generalized. Most deficits are motor and sensory, usually unilateral, 
and involve mostly the lower extremities

Intracranial bleed 
- intracerebral

Sudden severe headache (‘the worst in my life’). Weakness and/or numbness of one side of the body. Slurred 
speech or language difficulties. Loss of vision in one or both eyes; double vision. Incoordination, unsteadiness, 
giddiness. Drowsiness, coma

Intracranial bleed 
- subdural 

Headache from mild to severe, localized or generalized. Intermittent with slow onset, often a history of trauma. 
Fluctuating changes in consciousness

Intracranial bleed 
- subarachnoid

Occipital headache with sudden onset, severe, constant. Prodromal pain in one eye, ptosis, blunting of con-
sciousness, vomiting, stiff neck

Table 2. Typical features of post lumbar puncture headache and potential life-threatening diseases after lumbar puncture[10] 
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lumbar puncture. Risk factors for a PLPH are large needle size, 
needle design, replacement of the stylet, and number of lumbar 
puncture attempts.[3] In clinical practice, a 22G needle is the 
best for lumbar puncture, because thinner needles require a 
much longer time for CSF collection.[22] To reduce the inci-
dence of PLPH, an expert physician should perform a lumbar 
puncture using an atraumatic needle.[23,24] Nevertheless, if 
severe PLPH occurs, neurologist consultation and imaging 
studies, such as CT or magnetic resonance imaging, should be 
considered for a differential diagnosis of PLPH.
  This case report has some limitations. First, although the sub-
ject experienced neck stiffness and numbness of the extremities, 
he did not undergo a spinal magnetic resonance imaging scan. 
Therefore, we cannot completely exclude the possibility of an 
epidural abnormality. Second, there is no specific guideline for 
determining the relationship between the IP and a headache 
occurring after lumbar puncture in early-phase clinical trials 
of CNS drugs. To establish such a guideline, a large number of 
PLPH cases in several studies should be analyzed. If a guideline 
is to be established, it will be helpful in differentiating the cause 
of the headaches. Although these limitations exist, this case re-
port is worth discussing when using lumbar punctures during 
early-phase clinical trials involving healthy subjects.
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