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Abstract
Objective—To determine the frequency and risk factors of post-dural puncture headache (PDPH)
in research volunteers.

Background—Despite increasing interest in measuring cerebrospinal fluid biomarkers to
investigate disease pathogenesis and diagnosis, previous case series have evaluated lumbar
puncture (LP) safety only in clinical care. PDPH is a common complication after LP.

Methods—We determined the frequency of post-dural puncture headache (PDPH) in
neurologically unselected HIV seropositive and seronegative adults volunteering for research, as
well as the variables associated with the development of (PDPH). Variables studied were BMI,
HIV serostatus, volume of CSF removed, number of previous LPs, use of pre-medication, LP
position, lumbar space, number of needle passes, whether or not aspiration was used, CSF WBC,
CSF RBC, CD4 count, CD4 nadir, CSF HIV viral load, plasma HIV viral load, and race.

Results—Of 675 LPs performed over one year, headache developed in 38 (5.6%; 95% CI 4.2,
7.1)). Most PDPH (92%) resolved spontaneously or with conservative medical management; 3
required epidural blood patch. Greater headache risk was associated with lower body mass index
(BMI ≤ 25 versus > 25) (OR 3.3; CI 95% 1.5, 7.0; p=0.001) and less prior LP experience
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(previous LPs ≤ 2 vs > 2) (OR 2.1; CI 95% 1.1, 4.1; p=0.03). PDPH was not significantly (p > .
05) related to HIV serostatus, CSF volume, or gender.

Conclusion—In this study, where tolerance to risk was low because LPs were done for research
rather than clinical purposes and healthy controls were included, adverse effects were mild and
self-limited.
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INTRODUCTION
Analysis of biomarkers in cerebrospinal fluid (CSF) from neurologically affected research
volunteers and from healthy controls has provided substantial diagnostic and pathogenic
insights in a number of neurological diseases with degenerative, neoplastic or infectious
etiologies such as Alzheimer’s disease, tauopathies, meningitis and HIV CNS complications
(1–4). Post-dural puncture headache (PDPH) is a frequent complication of lumbar puncture,
performed for diagnostic or therapeutic purposes or accidentally, as a complication of
epidural anesthesia. The frequency of PDPH following LP varies with characteristics of
individual patients (nonmodifiable risk factors), the type of needle and technique used
(modifiable risk factors), as well as the diagnostic definition of PDPH and method of follow-
up (5, 6).

The present study was performed to evaluate headaches following lumbar puncture (LP)
performed solely for research purposes on HIV positive and negative research volunteers.
We assessed a number of headache risk factors demonstrated in previous studies such as,
BMI, age, gender, volume of CSF removed and number of prior LPs.

METHODS
Study Design

This was a cross-sectional analysis of data collected on consecutive LPs performed for
multiple prospective research cohort studies over one year (from 2003 to 2004) at a single
research center.

Subjects
Research volunteers were enrolled in prospective, longitudinal, observational cohort studies
at the HIV Neurobehavioral Research Center (HNRC) at the University of California, San
Diego. The protocols were approved by the local Institutional Review Board and informed
consent was obtained from each research volunteer. All research volunteers were selected
for their willingness to participate in observational clinical research studies at the HNRC and
for their willingness to undergo LP for research purposes. LPs were deferred when factors
associated with increased risk of bleeding were present, such as clinical history of bleeding
diathesis, impaired hemostasis, ongoing treatment with anticoagulants, platelet counts
<50,000/mm3, INR >1.4, and clinically evident abnormal bleeding. LPs were also deferred
when signs of untreated systemic or local infection were present. If the research participant
reported procedure-related anxiety prior to the LP, lorazepam 0.25 - 0.5 mg was given.
Individuals with suspected central nervous system opportunistic infection were not
specifically excluded. However, since all were ambulatory research volunteers, active CNS
opportunistic disease was unlikely.
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Procedures
LPs were performed in the outpatient setting by trained physicians (MD neurologists and
infectious disease specialists), RNs and NPs. All RNs and NPs were trained and credentialed
to perform LPs in the research setting according to scope of practice as outlined in the
California Nursing Practice Act. The certification process met the Standardized Procedure
Guidelines of The Board of Registered Nursing (Title 16, Article 7, 1474)(7) and included
viewing an educational video and 5 procedures performed by credentialed clinicians and
physicians, followed by performing 10 LPs on research volunteers under the direct
supervision of a credentialed physician, after obtaining a thorough pre-procedure history and
neurological exam to rule out contraindications.

LPs were performed under aseptic conditions using a 22-gauge atraumatic spinal needle.
Local back pain was minimized by injection of an anesthetic, 1% lidocaine, into the
subcutaneous tissue surrounding the needle puncture site. If a subject became uncomfortable
during the procedure, it was discontinued. Following LP, research volunteers were observed
for 10–30 minutes before being permitted to ambulate.

Definition and Management of PDPH
For the purposes of this study, a conservative definition of PDPH comprised any research
volunteer reporting any headache following the LP. Secondary analyses separately evaluated
headaches that fulfill the criteria for PDPH of the International Headache Society
Classification (ICHD-II) (8). A nurse or physician was available by pager 24 hours a day to
respond to any post-LP complications, including headache and back pain. The diagnosis of
PDPH was done by trained professionals (RN, NP) supervised by a neurologist.

The participants were contacted, usually with in 48 hours of their LP, and were asked if they
were experiencing any headache. Those experiencing headache were managed according to
a structured algorithm with initial recommendations for bed rest enhanced fluid intake
including caffeinated beverages, and over-the-counter and then prescription analgesics, as
needed. Subjects who experienced a headache that did not respond to conservative
management underwent a blood patch performed by an anesthesiologist at the University
Hospital.

PDPH Risk Factors
For each LP, the following data were collected: operator (RN, NP or MD), body mass index,
HIV serostatus, age, gender, volume of CSF removed, whether the resulting headache was
positional, whether a blood patch was needed and number of reported prior LPs. Additional
secondary factors assessed were CSF white and red blood cell counts (WBC, RBC), current
CD4, CD4 nadir (lowest CD4 count in the clinical history), CSF HIV viral load, race,
education, whether premedication was used, position (seated versus lateral decubitus),
lumbar space, and number of needle passes required to obtain CSF.

Statistical Analysis
Results are shown as mean plus standard deviation, median and IQR or frequencies and
percentage, as appropriate. PDPH risk factors were evaluated by calculating odds ratios that
compared headache frequency according to the presence or absence of the risk factor.
Because some participants contributed more than one datapoint to the analysis, odds ratios
for patient-specific risk factors such as age, gender and BMI were calculated using a single
datapoint per subject (the first LP), whereas for procedure-specific factors, such as operator
and position, individual subjects could contribute more than one datapoint. For ease of
interpretation and to allow comparison between risk factors by continuous variables we
calculated odds ratios based on empirical or clinically validated cutoffs (e.g., BMI ≤ 25).
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Statistical analyses were performed using JMP 8.0 (Copyright © 2009 SAS Institute Inc.). A
p value ≤ 0.05 was considered significant.

RESULTS
Of 675 LPs performed on 477 research volunteers, 575 were done on HIV+ subjects and 100
(14.8%) on healthy, HIV negative controls. Subjects were typically white (53%) men (80%)
with a mean (+/−SD) age and education of 42 (±9) and 13 (±3) years, respectively. Of the
477 subjects, 144 (30%) reported 0 prior LPs, and 73 (15%) reported 1, 54 (11%) 2, and 206
(43%) >2 prior LPs. Of the 675 LPs, 38 (5.6%; 95% CI 4.2, 7.1) resulted in a post-lumbar
headache (Figure 1). Of these 38, 32 headaches (4.7%) resolved after rest, hydration and
over-the-counter analgesics. Three (0.4%) required prescribed analgesics following the
procedure and another 3 (0.4%) resolved only after blood patch. There were no instances in
which a repeat blood patch was required. With the exception of transient back pain and
bleeding, no other adverse effects of LP were seen. Figure 1 illustrates the breakdown of
consecutive LP procedures.

PDPH Risk Factors
As shown in Figure 2, HIV infected individuals were no more likely to develop headache
after LP than HIV negative individuals (OR: 1.95; CI 95% 0.67, 5.68; p=0.18). Of the 675
total LPs performed, 502 (74.4%) were done by nurses, 138 (20.4%) were done by nurse
practitioners, and 35 (5.2%) were done by physicians. LP procedures performed by an RN or
an NP were no more likely to result in headache than procedures performed by an MD (OR:
0.98; CI 95% 0.23, 4.26; p=0.98). The median amount of CSF removed was 13 mL (IQR
12–14). Research volunteers who had greater than or equal to the median volume withdrawn
(13ml) were not significantly more likely to develop headache than research volunteers who
had less than the median volume withdrawn (OR: 0.58; CI 95% 0.28, 1.20; p=0.13). The
median number of reported prior LPs was 2 (IQR, 1–6). Research volunteers reporting 0, 1,
or 2 prior LPs developed headache significantly more frequently than research volunteers
reporting greater than two LPs (OR: 2.08; CI 95% 1.06, 4.09; p=0.03).

Subjects less than or equal to the median age of 41.9 years were no more likely to develop
headache than individuals older than the median (OR: 1.36; CI 95% 0.68, 2.72; p=0.39).
Women were not more likely to develop headache than men (OR: 1.98; CI 95% 0.93, 4.21;
p=0.09). Subjects with a BMI less than or equal to the clinical validated cutoff of 25.0 were
3.26 times more likely to experience PDPH than those greater than 25.0 (OR: 3.26; CI 95%
1.53, 6.96; p=0.001).

The use of pre-medication (lorazepam 0.25 - 0.5 mg) for anxiety prior to the LP was not
associated with headache incidence. Other secondary risk factors that did not reach
statistical significance were, LP position, lumbar space, number of passes, whether or not
aspiration was used, CSF WBC, CSF RBC, CD4 count, CD4 nadir, CSF viral load, plasma
viral load, and race.

DISCUSSION
In this large series of LPs performed in research volunteers, no instances of epidural
hematoma, infection or radiculopathy were identified, and headaches were infrequent
(5.6%), generally mild and self-limited, with only 3 (0.4%) requiring a blood patch. Both of
these values compare favorably to published studies of PDPH in clinical series, where
PDPH rates range between 2.6 (9) and 30% (5, 10) According to the ICHD-II criteria PDPH
occurred in this study in only 0.9%, which is a figure well below those previously reported.
This low incidence of PDPH might be attributable in part to the use of a 22G atraumatic
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needle. Other papers reported an incidence of 3% for PDPH in LPs done using 22G
Whitacre needles (11). Additionally, the high level of experience of operators in this study
might explain the low incidence of PDPH. In a previous study the incidence of PDPH
among anesthesiologists ranged from 2.5% in less experienced operators to 1.2% in more
experienced operators (12).

Risk factors for PDPH in this research cohort were similar to those seen in previous clinical
series. Thus, we found that lower body mass index was associated with increased risk,
similar to prior reports (13). Women were at greater risk as in previous studies, although this
did not reach statistical significance in our study, possibly because only 20% of our research
volunteers were women. Similarly, age was not a significant risk factor, possibly because
few of our subjects were over 50 years old, an age at which PDPH headache frequency
diminishes in some studies (13, 14).

Post-dural puncture headache is frequently diagnosed on the basis of clinical features. The
cardinal feature of PDPH is orthostatic or postural headache (16). Headache typically
appears or worsens when the patient moves from a supine to an upright position and is
typically relieved when the patient lies down. Headache generally appears or worsens within
20 seconds of a postural change and reaches its maximum within a minute. Headache
characteristically subsides within 20 seconds of recumbency (17). Headache features are
variable. The pain is usually severe, but may be mild or moderate (18). The quality may be
burning, dull and/or throbbing (18, 19). PDPH may have associated features including low
back pain, vertigo, tinnitus, hearing changes, cranial nerve palsies, diplopia, and even
cortical blindness. In addition, the associated features of migraine such as nausea,
photophobia, and phonophobia may occur (15, 19, 20).

Our study design permitted the evaluation of some unique potential risk factors not
previously assessed in research. These included employing LP operators of different training
backgrounds (RNs, NPs, MDs) and performing serial LPs. Although LP is a procedural skill
typically practiced by physicians, we found that registered nurses and nurse practitioners
performed LPs with no greater adverse event rate than physicians. This observation is
particularly important for research in resource-limited settings, where the availability of
qualified clinicians, especially physicians, is often very limited. Thus, research may be
facilitated by having a variety of trained personnel available to perform the procedure.
Additionally, we performed multiple LPs in some individuals; these included some
volunteers who reported having had LPs prior to the year in which this analysis was
performed, as well as some who volunteered two or more times during the year of the
analysis. Serial LPs conferred no greater risk of adverse events. In fact, individuals
undergoing greater numbers of LPs were significantly less likely to experience PDPH. We
interpret this as a type of self-selection bias; a research volunteer who has previously
experienced a PDPH may be less likely to submit to additional voluntary LPs.

LP is undertaken frequently in HIV positive patients for clinical reasons. HIV positive
participants are not more susceptible to develop PDPH than HIV negative participants. This
is the first study evaluating the association between PDPH and specific HIV parameters as
CD4 count, CD4 nadir, CSF HIV viral load and plasma HIV viral load. We found no
significant association between PDPH and these variables. Different from previous studies
that reported lower frequency of PDPH in the presence of an inflammatory CSF, in this
study there was no statistical significance with CSF WBC.

Emotional status is a controversial issue in PDPH. In this study, the use of anxiolytic
medication was not related to the risk of post-LP headache.
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A variety of other factors were assessed to ascertain whether they influenced risk for PDPH.
We found no correlation of PDPH with CSF white or red blood cell counts. There was no
difference in headache risk for procedures performed in the seated versus the lateral
decubitus position. PDPH did not correlate with the number of needle passes required to
obtain CSF return. We found no significant association between larger CSF volumes and
increased PDPH risk. This is particularly important for research studies, since they may
specify reduced volumes in attempt to limit headache risk. Our finding contrasts with
previous studies suggesting that larger CSF volumes increase PDPH risk (5, 6, 10).

This study's findings are limited in several ways. The statistical significance and confidence
intervals for odds ratios depend not only on the total number of subjects, but also on the
number and proportion of those who suffer an event (post-LP headache), which in this case
is small (38/675). With few events, apparently large odds ratios (e.g., 1.95 for HIV status)
may be nonsignificant due to the uncertainty of the estimate.

As these were ambulatory outpatients, and PDPH can be delayed for up to up to 12 days,
some PDPH may have gone unreported. This is unlikely, since participants were proactively
contacted by phone 1–2 days after the LP, and a 24-hour pager was available at all times.
About 90% of the PDPH start within the first 72 hours and 66% within the first 48 hours of
LP (22, 23).

Since we did not collect information about headache history prior to the LP, we could not
evaluate the influence of this factor on PDPH recurrence. Similarly, because we did not
require rest in the supine position after LPs, we could not evaluate the potential influence of
this intervention. Other studies have found that rest after LP does not prevent PDPH.(24–27)
All LPs in our study were performed with 22-gauge, atraumatic needles, as opposed to the
traditional, cutting-edge (Quinke) needle. Atraumatic spinal needle was already shown in
previous studies to reduce PDPHs (10, 28). Needle size may be the most important factor in
determining the risk of PDPH (6, 18, 27, 29). All the LPs in this study were performed using
22 gauge needles, so we could not evaluate the impact of needle size on adverse event rates.
Because the range of CSF volumes collected in this study was restricted, our findings cannot
be generalized to volumes over 15mL.
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Figure 1.
Breakdown of consecutive lumbar puncture procedures.
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Figure 2.
Odds ratios (points) and 95% confidence intervals (bars) for post-dural puncture headache
(PDPH) risk factors. For subject-related risk factors (i.e., HIV status, age, gender, BMI), the
proportions developing headache are compared for number of individuals (477) with or
without the risk factor. For procedure-related risk factors (i.e., clinician, CSF volume,
number of prior LPs), the proportions developing headache are compared for number of
total procedures (675) with or without the risk factor. R.N., registered nurse. N.P., nurse
practitioner. M.D., physician. BMI, body mass index.
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