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Use of EBP, either as the primary treatment, or following 
failed conservative therapy, was found to be a more effec-
tive treatment for PDPH than conservative therapies alone 
(p = 0.017).
Conclusions  Spinal drain placement carries a risk of 
PDPH, as supported by an 18.3 % PDPH incidence in this 
study. Younger patients and/or patients with a history of 
chronic headache are at elevated risk for PDPH. Treatment 
using EBP, either as primary therapy or following unsuc-
cessful conservative therapies, is a significantly more effec-
tive treatment than conservative therapies alone.

Keywords  Post-dural puncture headaches · Epidural 
blood patch · Thoracoabdominal aortic aneurysm repair · 
Spinal drain

Introduction

The risk of paraplegia following thoracoabdominal aortic 
aneurysm (TAA) repair remains a significant concern for 
patients, vascular surgeons, and anesthesiologists [1–8]. 
Individual patient risk is variable and impacted by factors 
such as aneurysm extent, history of previous aortic surgery, 
presence of aortic aneurysm rupture or acute aortic dissec-
tion, history of pre-existing medical conditions (i.e., dia-
betes) and the surgical approach chosen (i.e., open versus 
endovascular approach) [5]. Although necessary, the use 
of aortic cross-clamping during open TAA repair appears 
to place patients at elevated risk of paralysis because it 
often leads to increased cerebrospinal fluid (CSF) pressure, 
which can secondarily reduce spinal cord perfusion [3]. 
Spinal drains, which increase cord perfusion by intention-
ally draining CSF, have therefore become a popular neu-
roprotective technique [6]. However, because spinal drains 
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necessitate a large needle, they also place patients at ele-
vated risk for subsequent CSF leak, CSF hypotension and 
the development of post-dural puncture headaches (PDPH) 
[9, 10]. Presentation of PDPH symptoms typically occurs 
approximately 48  h following dural puncture and tradi-
tionally most are thought to spontaneously resolve within 
1  week [10]. However, PDPHs following spinal drain 
placement and CSF drainage are potentially debilitating, 
may not resolve within a reasonable time period second-
ary to the size of the dural tear and therefore often require 
medical treatment to allow for adequate postoperative 
ambulation. Treatment of PDPH can include conservative 
therapies (i.e., patient positioning, analgesics, hydration, 
caffeine, opioids) or more invasive treatment with epidural 
blood patches (EBP). Although PDPH have been well stud-
ied following dural puncture from spinal or epidural anes-
thesia, the incidence and risk factors for PDPH secondary 
to dural puncture with larger need lesor in the setting of 
intentional CSF drainage has not been well documented. 
Furthermore, although an EBP is the gold standard for the 
treatment of PDPH secondary to neuraxial anesthesia, there 
is little data comparing the efficacy of EBP and conserva-
tive therapy for treatment of PDPH following spinal drain 
placement and CSF drainage. Therefore, the purpose of this 
study was to evaluate predisposing factors and treatment 
success of PDPH at a large academic medical center where 
spinal drains are routinely utilized as a neuroprotective 
strategy for TAA repair.

Materials and methods

Approval by the University of Wisconsin Health Sciences 
Institutional Review Board was obtained prior to the col-
lection and analysis of clinical data. The charts of 235 
patients who received preoperative spinal drain placement 
and survived to discharge following elective TAA repair at 
the University of Wisconsin Hospitals and Clinics between 
January 18, 2005 and July 21, 2012 were reviewed. Patient 
age ranged from 19 to 89 years old. Patients who received 
spinal drains for reasons other than elective TAA repair 
were excluded from the study. Inpatient and outpatient 
records were analyzed and data on demographics (age, 
gender, BMI), pre-existing medical conditions (diabetes, 
smoking history, preoperative headaches), baseline pain 
score, American Society of Anesthesiologists (ASA) score, 
preoperative opioid use, method of TAA repair (open ver-
sus endovascular), spinal drain details (needle size and kit 
used, number of dural punctures, first recorded CSF pres-
sure within 15  min, volume of CSF drained), duration of 
hospitalization and development of PDPH were recorded 
for all patients. Time of hospitalization was calculated 
from the time of spinal drain placement until discharge. 

For patients who developed PDPH, the following was also 
recorded: types of conservative therapy attempted, success 
of conservative therapy, blood volume if an EBP was used, 
EBP success, and need for a repeat EBP. All data were 
recorded in a spreadsheet on a password-protected depart-
ment computer.

On the day of their TAA repair, all patients were brought 
to the operating room where they were sedated with mida-
zolam and fentanyl as needed to facilitate spinal drain 
placement. Patients were placed in the lateral decubitus 
position. The lumbar region was cleansed with a 2 % chlo-
rhexidine and 70 % isopropyl alcohol solution and allowed 
to dry before a drape was placed. The ALimitorr Volume 
Limiting CSF Drainage System kit (Integra Lifesciences 
Corporation, Plainsbory, NJ, USA) was utilized for CSF 
drainage and collection. A 14–18-gauge Tuohy needle was 
advanced into either the L3–L4 or L4–L5 interspace until 
CSF was obtained. In most cases, a 14-G Tuohy needle 
was utilized for drain placement and only in cases of dif-
ficult intrathecal space access were smaller needles used. 
Fluoroscopy was utilized, as needed, for guidance during 
this process. A 16–19-g catheter was then advanced to the 
T9–T10 spinal level under fluoroscopy before the Tuohy 
needle was removed. Free flow of clear CSF through the 
catheter was ensured and the first recorded CSF pressure 
within 15  min of spinal drain placement was recorded. 
Sterile dressings were then used to cover the insertion 
site prior to surgery. In the setting of TAA repair, CSF 
was drained as needed to maintain a CSF pressure below 
6 mmHg intra-operatively during thoracic artery occlusion 
and reperfusion and 10 mmHg post-operatively [11]. In the 
setting of endograft procedures, spinal fluid pressure was 
reduced to below 10  mmHg prior to device deployment 
[12]. Post-operatively, the spinal drain was maintained 
until both bilateral lower extremity function and absence 
of neurological complications were observed for at least 
24  h. Spinal drain removal commonly occurred 2–3  days 
post-operatively.

Both inpatient and outpatient records were reviewed 
for PDPH presentation. This either involved mention of 
a PDPH in the patient records or mention of a headache 
within 1 week of spinal drain placement that improved with 
patient positioning in the supine position and worsened 
when patients assumed a more upright position.

Patient records and orders were reviewed for mention of 
treatment with conservative therapy or EBP and data about 
each and their efficacy was recorded. Conservative therapy 
consisted of assuming a supine position (i.e., bed rest), 
oral or intravenous (IV) fluid therapy, oral or IV caffeine, 
analgesics such as acetaminophen and non-steroidal anti-
inflammatory drugs (NSAIDs) and opioids. When needed, 
EBP was performed within one level of the lumbar inter-
space used for spinal drain placement. As tolerated, patients 
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were placed in the seated position. Following chlorhexidine 
skin prep and drape, a Perifix FX Continuous Epidural 
Anesthesia Tray kit (B. Braun Medical Inc., Bethlehem, 
PA, USA) was used to access the epidural space. Following 
loss of resistance, 10–34 ml of sterile autologous blood was 
slowly injected into the epidural space. Cessation of autolo-
gous blood injection occurred after a predetermined volume 

had been injected or upon significant patient complaint of 
back pressure. Patients were then instructed to maintain a 
supine position for 1 h following procedure completion.

For the primary outcome, Fisher’s exact test using two-
tails was used to determine whether there existed a sig-
nificant difference (p  >  0.05) in the efficacy of treatment 
between use of conservative therapies and an EBP for 
PDPH. The incidence of PDPH is reported as a percentage 
of all patients evaluated. Incidence of successful treatment 
is reported as a percentage of all patients who received that 
treatment. Student’s t tests were used to determine the sig-
nificance for the following: age, BMI, total CSF drained, 
and hospital time. Fisher’s exact tests were used to deter-
mine the significance and confidence intervals for: gen-
der (male), diabetes (yes), smoking history (yes), preop-
erative headaches (yes), preoperative opioid consumption 
(yes), and TAA procedure type (open versus endovascular 
surgical procedure). Mann–Whitney U tests were used to 
determine the significance and confidence intervals of the 
following: ASA score, preoperative pain score, number of 
dural punctures, and first recorded CSF pressure. All statis-
tical tests were performed using two-tails.

Table 1   Post-operative day that post-dural puncture headache first 
presented

PDPH post-dural puncture headache

Days after surgery N % of PDPH

N/A 1 2.3

0 1 2.3

1 3 7.0

2 10 23.3

3 14 32.6

4 7 16.3

5 2 4.7

6 5 11.6

Table 2   Age of patients with 
and without presentation of a 
post-dural puncture headache

PDPH post-dural puncture 
headache

Age (years) +PDPH −PDPH % PDPH/total

N % Total N % Total N %

<20 1 2.3 0 0.0 1/1 100 

20–30 3 7.0 2 1.0 3/5 60 

30–59 14 32.6 31 16.1 2/9 31.1 

Total <60 18 41.9 33 17.2 18/51 35.3 

≥60 25 58.1 158 82.3 25/183 13.7 

Total 43 – 192 – 18.3 

Table 3   Risk factors for the 
development of a post-dural 
puncture headache

** Significant

PDPH post-dural puncture 
headache, BMI body mass 
index, ASA American Society 
of Anesthesiologists, TAA 
thoracoabdominal aortic 
aneurysm

Risk factor +PDPH −PDPH P value

N 43 192

Age (years)** 59.0 ± 17.4 69.4 ± 11.5 0.000

Preoperative headaches (yes)** 27.9 % 8.3 % 0.001

Gender (male) 62.8 % 55.2 % 0.399

BMI 26.7 ± 5.1 28.7 ± 14.1 0.385

ASA score 3.3 ± 0.8 3.5 ± 0.6 0.215

Smoking (yes) 23.8 % 25.8 % 0.848

Diabetes mellitus (yes) 11.6 % 10.4 % 0.787

Preoperative pain score (0–10) 1.3 ± 0.5 1.5 ± 0.7 0.515

Preoperative opioid consumption (yes) 19.0 % 18.3 % 1.000

Surgical procedure (open TAA repair) 62.8 % 71.9 % 0.270

Needle size (gauge) 14.3 ± 1.0 14.7 ± 1.3 0.387

Number of dural holes created 1.4 ± 0.8 1.3 ± 0.6 0.586

First recorded cerebrospinal fluid pressure (mmHg) 13.1 ± 7.1 14.3 ± 6.8 0.388

Total cerebrospinal fluid drained (ml) 203.6 ± 140.1 213.9 ± 153.1 0.690
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Results

Of the 235 patients who received spinal drains for 
their TAA repair, 43 (18.3  %) developed a PDPH. The 
mean day of PDPH presentation was post-operative day 
(POD) 3 (Table  1). Patients who developed a PDPH 
were found to be significantly younger (59.0 ± 17.4 vs. 
69.4  ±  11.5; p  <  0.001) than those who did not. The 
incidence of PDPH development was 35.3 % in patients 
under 60  years of age as compared to only 13.7  % for 
patients who were 60  years of age or older at the time 
of spinal drain placement (Table  2). Patients who had a 
history of preoperative headaches were more likely to 
develop a PDPH than those who did not (27.9 vs. 8.3 %; 
p  ≤  0.001). No differences in PDPH incidence were 
found in this population based on other patient- or spinal 
drain-related factors (Table 3).

Of the 43 patients who developed a PDPH, 30 were 
initially treated with conservative therapy. In total, 19 
patients were treated using EBP. Nine patients received 
EBP following failed conservative therapy and ten 
patients received an EBP as the primary method of treat-
ment (Table 4). Treatment using EBP as either the primary 
treatment method modality or secondary to unsuccess-
ful conservative therapy was found to be a significantly 
more effective treatment for PDPH than use of conserva-
tive therapy alone (94.7 vs. 63.3  %; p =  0.017). Of the 
19 patients receiving an EBP, only one required a repeat 
EBP to achieve successful treatment resolution of PDPH 
symptoms. The mean volume of blood used for EBP was 
19 ml (Table 5).

Discussion

The main finding of this study is that the incidence of 
PDPH is 18.3  % among patients who received a spinal 
drain as a neuroprotective measure during elective TAA 
repair. Further analysis revealed that younger patients and 
those with a history of chronic headache were at elevated 
risk for developing a PDPH. Patients under the age of 60 
had an incidence of PDPH (35.3 %) greater than 2.5 times 
that of patients 60 years of age and older (13.7 %). While 
previously published manuscripts have commented on the 
incidence and limited risk factors for the development of 
PDPH following spinal drain placement, this is the first to 
more fully characterize risk factors in patients where CSF 
is aggressively drained to improve spinal cord perfusion [4, 
9]. This study also demonstrates that more aggressive CSF 
drainage strategies may result in an increased incidence 
of PDPH symptoms. In addition, this study compares the 
efficacy of conservative measures to alleviate PDPH symp-
toms following spinal drain placement with the efficacy of 
EBP and their ability to rescue failed conservative therapy.

A number of neuroprotective strategies have been 
reported to decrease the incidence of complications fol-
lowing TAA repair [1–3, 5, 7]. The current popularity of 
spinal drains is largely related to the simplicity of the tech-
nique, their dual application in both elective and emergency 
procedures, as well as the fact that they represent a mini-
mally invasive perioperative method of maintaining spinal 
cord perfusion [3]. Although no neuroprotective method 
has completely eliminated the risk of paralysis following 
TAA repair, several studies have demonstrated promising 

Table 4   Efficacy of treatments 
used for post-dural puncture 
headache

** Significant

EBP epidural blood patch

Conservative therapy Epidural blood patch

N 30 19

#Successful 19 18

#Failed 11 1

#Failed conservative therapy receiving EBP 9 –

% Efficacy** 63.3 % 94.7 %

Table 5   Types of conservative therapies attempted

Type of conservative therapy attempted Number of patients % Of total conservative therapy patients

N 30 –

Bed rest (supine positioning) 13 43.3

Hydration (oral or intravenous) 8 18.6

Analgesics (Tylenol, acetaminophen, NSAIDs) 6 20.0

Stitch placement 1 3.3

Caffeine (oral or intravenous) 10 33.3

Opioids 4 13.3
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risk reduction when spinal drains are combined with other 
neuroprotective measures [5, 7]. Studies by Acher et al. and 
Safi et al. [13, 14] demonstrated that significant reductions 
in postoperative neurologic deficits can be achieved with 
perioperative spinal fluid drainage.

Despite the benefits of CSF drainage during TAA repair, 
spinal drain placement is not without risk. Complications 
such as meningitis, abducens nerve palsy, catheter fracture, 
direct spinal cord injury, subdural hematoma, intracranial 
hemorrhage, and persistent CSF leak have been reported to 
occur in 5 % of all cases [4, 6]. While this data was not col-
lected as part of this study specifically focusing on PDPH, 
a previous study conducted at the same institution found 
a 1  % incidence of neurologic complications and a mor-
tality of 0.6  % from complications related to spinal fluid 
drainage [11]. The large size of the needle used for spinal 
drain placement logically increases the likelihood of CSF 
leak and subsequent headache development [9, 10]. Unfor-
tunately, PDPHs can be debilitating secondary to symp-
toms, which can include migraine-like features (i.e., nau-
sea, photophobia, phonophobia), vertigo, tinnitus, low back 
pain, and diplopia [15]. As many as 39 % of PDPH patients 
report difficulty carrying out activities of daily living for 
at least a week following presentation [15]. Developing an 
understanding of the incidence and risk factors for PDPH 
development secondary to spinal drain placement is there-
fore a significant concern for physicians and their patients.

Previous studies have demonstrated that younger age, 
female gender, lower body mass index (BMI), history as 
a non-smoker, and a history of chronic headaches increase 
the risk of PDPH development [10, 15–18]. The decreased 
risk in older patients is theorized to result from factors such 
as lower CSF pressure, reduced elasticity of the dura mater, 
and reduced extradural space, all of which may resist CSF 
leakage [15, 18]. In the current study, the age effect was 
very strong, especially when patients were divided into 
groups based on age over or under 60.

A higher PDPH incidence in women may be second-
ary to estrogen-related vasodilation of cerebral arteries and 
resulting CSF hypotension. An elevated BMI and subse-
quent increase in intra-abdominal pressure has been asso-
ciated with a reduced incidence of PDPH. In the current 
study, we were unable to identify gender or increased BMI 
as factors significantly related to an increased incidence of 
PDPH in patients following spinal drain placement. This 
lack of significance may be due in part to our limited sam-
ple size or the gender distribution of patients presenting for 
TAA repair. Among patients under the age of 60, 62.7 % 
were male while only 37.3 % were female.

Dodge et  al. [10] reported that non-smoking patients 
were 3.3 times more likely to develop a PDPH than smokers 
following dural puncture for CSF sampling. The decreased 
incidence may be related to the coagulation-inducing 

effects of smoking, which may aid in sealing the dural 
puncture site and reducing CSF leakage [10]. In our review, 
a history of smoking was not found to significantly impact 
the incidence of PDPH.

Larger needles create a larger dural rent and logically 
have been associated with an increased risk of PDPH. 
Interestingly, a study of 504 patients, where a 14-G Tuohy 
needle was used for spinal drain placement, reported a 
PDPH incidence of only 9.7 %. Despite the use of a simi-
lar needle gauge for spinal drain placement, they reported 
a PDPH incidence that is nearly half of the 18.3  % inci-
dence we discovered. This difference may be related to 
how PDPHs were diagnosed. In addition, CSF pressure 
goals and the CSF drainage plans for patients in our study 
were more aggressive (goal of CSF pressure <6  mmHg 
during thoracic artery occlusion and reperfusion in open 
procedures/<10  mmHg during endovascular procedures 
and <10  mmHg until patients were awake with normal 
leg lift) which may account for the increased incidence of 
PDPH symptoms [11]. Similar to the study by Youngblood 
et al. and previous studies of dural puncture for CSF sam-
pling and spinal anesthesia, we too found that patients who 
developed PDPH were significantly younger. Additionally, 
our study also identified a history of chronic headaches as 
a risk factor for development of a PDPH following spinal 
drain placement.

While the risk of serious complications related to low 
intracranial CSF pressure is generally low, the high mor-
bidity typically found among PDPH patients makes identi-
fying efficacious treatment methods a considerable concern 
for both physicians and their patients. Conservative thera-
pies are often considered first and typically include: encour-
aging maintenance of a supine position (i.e., bed rest), oral 
or IV hydration therapy, analgesics (i.e., acetaminophen, 
NSAIDs), oral or IV caffeine and opioids. Although these 
therapies may aid in controlling symptoms until the head-
ache eventually resolves, their efficacy as a treatment of 
PDPH remains controversial. While bed rest and hydration 
therapy are often recommended by physicians, there exists 
a lack of evidence for their efficacy [16, 17]. Analgesics 
have proven successful in the relief of symptoms and in 
reducing the need for more aggressive therapies. However, 
evidence of their success in the treatment of PDPH is lack-
ing. Many physicians have advocated treatment of PDPH 
with caffeine secondary to its vasoconstrictive properties. 
However, studies supporting the sustained efficacy of caf-
feine therapy are currently lacking [17, 19].

EBP has therefore become the gold standard in the treat-
ment of PDPH following dural puncture [16]. Relief of 
PDPH symptoms is thought to occur via compression of 
the dural sac and elevation in intracranial pressure, as well 
as formation of a clot at the site of the dural hole preventing 
further CSF leakage [16, 17]. Although injection of other 
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fluids (i.e., dextran, saline) into the epidural space has been 
shown to improve PDPH symptoms, their effect is often 
transient due to an inability to prevent further CSF leakage 
[16, 17].

In our study, the mean volume of blood injected for EBP 
was 19 ml (range, 10–34 ml), but the majority of patients 
received 20-ml injections. The success rate for EBP as a 
treatment for PDPH following dural puncture with large, 
14–18-G Tuohy needles was 94.7 % in our study. In addi-
tion, EBP was found to be a more effective treatment for 
PDPH than use of conservative therapies (94.7 vs. 63.3 % 
success). Therefore, our results suggest that routine use 
of EBP as the primary treatment method for PDPH may 
be a superior approach relative to conservative therapies. 
However, some PDPH patients may be ineligible for treat-
ment with an EBP due to a history of prior medical condi-
tions (i.e., sepsis, coagulopathy) [16]. Additionally, some 
patients may have reservations about receiving an EBP due 
to reports of serious but rare complications [16, 17].

Because PDPHs are often associated with severe mor-
bidity, developing a better understanding of what consti-
tutes an efficacious treatment method or plan can help phy-
sicians properly treat their patients should a PDPH develop. 
An understanding of risk factors that place patients at 
elevated risk for development of a PDPH may allow phy-
sicians to accurately predict, consent, and monitor patients 
for the development of headache symptoms. In the current 
study, use of an EBP was discovered to be a more effective 
method of resolving PDPH symptoms than use of conserv-
ative therapies. These results suggest that use of EBP as 
the primary treatment method may offer patients a quicker 
resolution of symptoms.

The current analysis has several limitations that deserve 
further attention. The retrospective nature of the current 
review certainly introduces the possibility of bias. While 
both inpatient and outpatient records were thoroughly 
reviewed, there exists a chance that some data may poten-
tially have been missing or inaccurately recorded during 
charting. Additionally, because PDPHs have only recently 
been identified as a common complication of spinal drain 
placement, headache symptoms may potentially have been 
under-reported in earlier patients within our study. There-
fore, the actual incidence of PDPH may be higher than 
estimated. In addition, connective tissue disorders (i.e., 
Marfan syndrome, Ehlers–Danlos syndrome, etc.), the clas-
sification of aortic aneurysm repaired and non-PDPH spi-
nal drain-related complications were not recorded, and this 
may impact the incidence of PDPH or success of therapy. 
Due to a limited sample size, similar studies with a much 
larger sample size would be required before any results 
could be generalized to the larger population.
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