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ABSTRACT

Objectives: To compare the safety and efficacy of oral theophylline versus oral sumatriptan in
the treatment of post-dural puncture headache (PDPH).

Background: PDPH is the most frequent complication of procedures associated with a dural
puncture for spinal anaesthesia, cerebrospinal fluid (CSF) sampling, or following inadvertent
dural puncture during epidural anaesthesia. Since invasive treatments have known complica-
tions, pharmacologic management may be preferable.

Patients and Methods: This was a prospective, randomized, double-blind, phase four, com-
parative clinical trial; carried out on 60 patients presented with PDPH at Damanhour Teaching
Hospital, El Beheira, Egypt; between February 2020 and May 2021. Patients were randomly
allocated into two equal groups; group T, which received oral theophylline, and group S, which
received oral sumatriptan.

Results: There were no statistically significant differences between both groups as regards:
demographic data, American Society of Anesthesiologists (ASA) physical status, type of opera-
tion, type, and size of the spinal needle. PDPH duration and length of hospital stay were
significantly shorter in group T than in group S. Numerical pain rating scale (NPRS) scores were
significantly lower in group T than in group S. Palpitation, dizziness, gastric irritation, and
nausea/vomiting occurred in both groups with no statistically significant differences. No
patient in either group needed an epidural blood patch.

Conclusion: Oral theophylline is more effective and safer than oral sumatriptan in the treat-
ment of PDPH. It lowered NPRS scores, shortened the duration of PDPH, and length of hospital
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stay, and was associated with minimal side effects.

1. Introduction

Post-dural puncture headache (PDPH) is a frequent
complication of spinal anaesthesia or dural puncture
and is an uncomfortable situation for both the patient
and the anaesthetist. It is attributed to decreased cere-
brospinal fluid (CSF) pressure leading to meningeal
traction and cerebral vasodilation. [1] It is an ortho-
static headache occurring within 5 days of a dural
puncture, 66% starts within the first 48 hours, and
about 90% within the first 72 hours. It is usually accom-
panied by neck pain, tinnitus, hearing changes, photo-
phobia, and/or nausea and relieved spontaneously
within 2 weeks, after normalization of CSF pressure,
rarely may last for up to 6 weeks. [2] Risk factors
include: young age, female sex, pregnancy, large nee-
dle size, the direction of the cutting needle bevel when
puncturing the dura, multiple dural punctures, and
previous history of PDPH. [3]

Management includes conservative measures such
as bed rest, hydration, caffeine administration, and
analgesics. [4] Pharmacological treatments as;

gabapentin, pregabalin, [3] neostigmine/atropine, [5]
methylxanthines, and triptans. [6] Minimally invasive
procedures as bilateral greater occipital nerve block [7]
or sphenopalatine ganglion block. [8] Invasive proce-
dures as; epidural blood patch (EBP) and epidural injec-
tions of saline, dextran 40, or hydroxyethyl starch.
Since invasive treatments have known complications,
[9] pharmacologic therapy may be preferred.

This study aimed to compare and evaluate the effi-
cacy and safety of oral theophylline versus oral suma-
triptan in the treatment of PDPH.

2. Patients and methods

After obtaining approval from the local ethics commit-
tee, written consent was obtained from each patient to
participate in the study. This was a prospective, rando-
mized, comparative, double-blind, phase four clinical
trial carried out on 60 patients with postoperative
PDPH who were candidate of various surgical proce-
dures under spinal anaesthesia at Damanhour
Teaching Hospital, El Beheira, Egypt, between

CONTACT Ahmed Mohamed Shaat @ ahmedshaat99@gmail.com @ Damanhour, El Beheira, Egypt, 22513
The contents of this research paper have not been published elsewhere, and the paper is not being submitted elsewhere. The manuscript has been read

and approved by all co-authors.

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-1142-7945
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11101849.2021.1949195&domain=pdf&date_stamp=2021-07-01

February 2020 and May 2021. The trial was registered
on ClinicalTrials.gov, (NCT04257851), before first parti-
cipant enrolment.

2.1. Inclusion and exclusion criteria

Patients’ selection for this study was based on clinical
diagnosis  suggesting PDPH based on the
International Headache Society criteria. [10]
Inclusion criteria were; patients with an NPRS score
of =5, American Society of Anesthesiologists (ASA)
physical status < Il, age from 21 to 50 years, and first
attempt spinal anaesthesia. Exclusion criteria
included patients with NPRS score <5, ASA physical
status >ll, age <21 years or >50 years, pregnant
women, history of; chronic headache, cluster head-
ache, migraine, convulsions, cerebrovascular acci-
dent, previous neurological diseases, signs of
meningismus, dysrhythmia, hypertension, ischemic
heart disease, hyperthyroidism, peripheral vascular
disease (ischemic colitis), liver or renal impairment,
use of other methylxanthine derivatives, use of selec-
tive serotonin reuptake inhibitors, use of ergotamine
derivatives in the past 24 hours, use of monoamine
oxidase inhibitors in the last 2 weeks, use of any kind
of opiates, allergy to the study medications and any
contraindication of oral intake.

2.2. Treatment management

Patients were randomly allocated into two equal
groups (30 patients each) and received: in group T;
oral 150 mg theophylline anhydrous tablet (Quibron-
T/SR, 300 mg dividose tablet, SmithKline Beecham
Egypt L.L.C) every 12 hours, whereas in group S; oral
25 mg sumatriptan succinate tablet (Sumigran 25,
25 mg tablet, Sigma pharmaceutical industries, Egypt)
every 12 hours.

All patients in both groups received conserva-
tive management for 48 hours, after hospital
admission, which consisted of nursing in the
supine position, hydration with continuous infu-
sion of 30 ml/kg/day Ringer’'s acetate solution,
1 g paracetamol (Perfalgan, Bristol-Myers Squibb
Pharmaceuticals) IV every 6 hours. 75 mg diclofe-
nac sodium (Voltaren, Novartis) IM every 12 hours.
The intervention was continued until achieving an
NPRS score <3 or for a maximum of 48 hours after
treatment.

The time point 48 hours was selected as a priority
endpoint, at which EBP is deemed necessary to man-
age PDPH if the NPRS score was >7 after the failure of
the medical treatment in the study groups, following
patient approval and consent, or if requested by the
patient at any time during the study and will be
recorded.
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2.3. Assessment

Demographic data [age, weight, height, body mass
index (BMI), sex], ASA physical status, PDPH onset
(time interval between dural puncture and occurrence
of PDPH), PDPH duration (time interval from occur-
rence of PDPH till NPRS score <3), length of hospital
stay (time interval from hospital admission till dis-
charge), type/size of spinal needle and type of surgery
were recorded. Participants were asked to report the
severity of their headache after sitting upright for
15 min, using a Numeric Pain Rating Scale (NPRS),
which is a psychometric response scale for measuring
subjective characteristics; baseline, before drug treat-
ment (T0), 2 hours (T2), 6 hours (T6), 12 hours (T12),
18 hours (T18), 24 hours (T24), then every 12 hours till
48 hours (T48) after drug treatment, where 0 = no pain,
and 10 = worst possible pain.

Treatment-related side effects were defined and
recorded throughout the study period by YES/NO
questionnaire as palpitation, dizziness, gastric irrita-
tion, nausea/vomiting, diarrhea, warm sensations in
the body, tingling sensation, and tightness in the
chest, throat, neck, or jaws.

2.4. Sample size calculation

The primary outcome variable of this study was
NPRS score at 24 hours after drug treatment, the
secondary outcome variables were PDPH duration,
length of hospital stay, and treatment-related side
effects. In this randomized clinical trial, after review-
ing the literature, we found that with a confidence
level of 95%, significance level 5% (i.e., a = 0.05, Z,
1.96) and with a power of 95% (i.e, B = 0.05, Zg
1.64) to detect a difference of one (i.e., § = 1) in
the mean NPRS score of PDPH at 24 hours after drug
treatment (primary outcome variable) between
groups using 2-tailed t-test, with a standard devia-
tion of one (i.e.,, 0 = 1), and effect size of one (d = 1),
the sample size was calculated using G*Power pro-
gram, version 3.1.9.6, Institute fiir Experimentelle
Psychologie, Heinrich-Heine-Universitat, Disseldorf,
Germany and determined that at least 27 patients
were required per group. We included 30 patients in
each group to allow for dropouts and protocol
violations.

2.5. Randomization

Randomization was performed by the online applica-
tion (https://www.randomizer.org/) and concealed
using sealed, opaque envelopes. The study was dou-
ble-blinded; participants and data collectors were
blinded to the group assignment, the medications
were prepared and given by a physician who was not
involved in the trial.
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2.6. Statistical analysis

Charts were drawn using Microsoft® Excel® 2016 MSO,
64-bit, USA. Data were statistically analyzed using sta-
tistical package for social science program (IBM® SPSS®
Statistics for Windows 2011, Version 20.0: IBM Corp.,
Armonk, NY, USA). Data were tested with Student’s
t-test; for comparison between parametric means and
expressed as mean z standard deviation (SD), Chi-
square tests (x?); for comparison between the inci-
dences and expressed as the number of patients (per-
centage) and Mann-Whitney U-test; for comparison
between non-parametric values and expressed as
median (range). A P-value <0.05 was considered statis-
tically significant and P-value <0.001 was considered
highly significant.

3. Results

All 60 patients recruited and randomized completed the
study and were included in the analysis (Figure 1). There
were no statistically significant differences between
both studied groups regarding age, weight, height,
BMI, sex, ASA physical status, and the onset of PDPH.
The duration of PDPH was shorter in group
T (1840 <+ 152 hours) than in group

S (33.20 * 5.62 hours), with a highly statistically signifi-
cant difference between both groups, P < 0.001, and
consequently the length of hospital stay was shorter in
group T (1.083 + 0.189 days) than in group
S (1.717 £ 0.252 days), with highly statistically significant
difference between both groups, P < 0.001 (Table 1).
There were no statistically significant differences
between both studied groups regarding types of opera-
tions, and types/sizes of the spinal needles (Table 2).
Analysis of PDPH assessment by NPRS score showed
no statistically significant differences between both
studied groups at TO. Improvements in NPRS scores
occurred in group T than in group S, 2 hours after drug
treatment (T2), but with no statistically significant dif-
ference. Pain scores were more decreased in group T at
T6, T12, and T18 than in group S, and there was
a highly statistically significant difference between
both groups, P < 0.001. At T24, all patients in group
T were resolved of PDPH, and at T48, all patients in
group S were resolved of PDPH (Figure 2). The mean
sum of NPRS scores at TO, T2, T6,T12,T18, T24, T36, and
T48 was lower in group T (21.00 + 2.364) than group
S (33.23 + 4.725), with a statistically highly significant
difference between both groups, P < 0.001 (Table 3).
Regarding treatment-related side effects, there
were no statistically significant differences between
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Figure 1. CONSORT flow diagram.
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Table 1. Demographic data, PDPH onset (h), PDPH duration (h), and duration of hospital stay (days) of the two studied groups.

Group T (n = 30)

Group S (n = 30)

Variables

(mean+SD) (mean+SD) Test p value
Age (years) 29.33 £ 4.56 30.50 + 5.36 t =-0.907 0.368
Weight (kg) 81.21 + 4.71 81.48 + 5.88 t=-0.194 0.847
Height (m) 1.67 + 0.03 1.68 + 0.041 t =-0.463 0.645
BMI (kg/mz) 28.84 + 0.83 28.78 £ 0.99 t=0.268 0.790
Sex (F/M) [n (%)] 21 (70)/9 (30) 19 (63.3)/11 (36.7) X2 =0.300 0.584
ASA physical status (I/11) [n (%)] 27 (90)/3 (10) 24 (80)/6 (20) ¥ =1.176 0.278
PDPH onset (h) 49.27 + 9.847 50.07 £ 10910 t=-0.298 0.767
PDPH duration (h) 18.40 + 1.522 33.20 £ 5.623 t=-13916 <0.001*
Length of hospital stay (days) 1.083 + 0.189 1.717 £ 0.252 t=-11.001 <0.001*

ASA, American Society of Anesthesiologists; BMI, Body Mass Index; F, female; M, male; PDPH, post-dural puncture headache.

*Highly significant.

Table 2. Types of operations and type/size of spinal needle (G)

of the two studied groups.

4. Discussion

PDPH after surgical operations is a disabling condition

Group Group
T(n=30) S (n=30) X that limits the ability of the patient to resume walking
i 0, 0
Variables [n ()] [ (%] test pvalue and usual activity, in addition to delayed hospital dis-
ORIF tibia 8(26.7) 7(233) 0089 0766 . . .
ORIF femour 6 (20) 7(233) 0098 0754 charge. Patients may require prolonged use of analgesics
Herniorrhaphy 5(16.7) 6 (20) 0111 0.739 or an EBP, which are not free of side effects and compli-
Varicocelectomy 2(6.7) 3(10) 0.218 0.640 . .
Hemorrhoidectomy 5 (16.7) 40133 0131 0718 cations. PDPH is thought to result from CSF leakage and
Perianal 4(13.3) 3(10) 0.162  0.688 volume depletion causing intracranial hypotension,
fistulectomy ; : : i i _
Type of spinal 30 (100) 30 (100) 00 1000 whlch‘leads to tr.actlo.n of .anchorlng pain sensmv.e struc
needle: tures in the brain, dilatation of the cerebral veins and
_Quincke venous sinuses, and increase in cerebral blood flow. [11]
Size of spinal 25 (83.3)/5 23 (76.7)/7 0417 0.519 . .
needle: 16.7) (23.3) Vascular expansion can be the main cause of PDPH. [12]
22 G/25G

G, gauge; ORIF, open reduction and internal fixation.

both groups concerning incidences of palpitation, diz-
ziness, gastric irritation, nausea, and vomiting. No
patient in either group complained of diarrhea, warm
sensations in the body, tingling sensation, or tightness
in the chest, throat, neck, or jaws, with no statistically
significant difference between both groups. These side
effects were clinically transient, self-limited, well toler-
ated, and none required any medical intervention. EBP
was not performed on any patient in both studied
groups (Table 4).

[y
<
)

Group T (Theophylline) ===-Group S (Sumatriptan)

Theophylline, a methylxanthine derivative, can
reduce intracranial blood flow and venous enlarge-
ment [13] by two mechanisms: first; it interferes with
calcium uptake by the sarcoplasmic reticulum, inhibits
phosphodiesterase enzymes, and blocks adenosine
receptors, which all result in cerebral
vasoconstriction, second; it stimulates sodium/potas-
sium pump in the choroid plexus, which increases CSF
production. [14] Also, it may decrease the headache by
blocking the transmission of pain perception. [15]

Sumatriptan is the first generation of the triptans
family, which is used mainly in the management of
migraine headaches. It applies its effects by intracranial

p<0.001

Mean NPRS+£SD
< o N~ w S 17,1 (=) | > -] o

TO T2

T6

T12

T18

T24
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Figure 2. Differences in NPRS scores between the two studied groups.
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Table 3. Numeric pain rating scale (NPRS) score at different
points of time of the two studied groups.

Group Group
T (n = 30) S (n=30)
(mean=SD) (mean£SD)
[median [median t-test
Variables Time (range)] (range)] Z-test p value
NPRS To 727 £0.740 7.10+0.845 0.813 0.420
7 (6-9) 7 (6-9) - 0.332
0.970
T2 590+0403 6.17+0.874 -1517 0.135
6 (5-7) 6 (5-8) - 0.199
1.283
Té6 403 +0.183 537+0615 -11.385 <0.001*
4 (4-5) 5(5-7) - <0.001*
7.105
T12 260+ 0.621 520+0407 -19.172 <0.001*
3 (2-4) 5 (5-6) - <0.001*
6.975
T18 1.20+0.714 4.40+0.675 -17.837 <0.001*
1(0-3) 4 (4-6) - <0.001*
6.896
T24 0.0 347 £0.776  —24.466 <0.001*
0(0) 3 (3-5) - <0.001*
7.296
T36 0.0 153 £0.937 -8.962 <0.001*
0 (0) 1(1-4) - <0.001*
7.294
T48 0.0 0.0 0.0 1.000
0 (0) 0(0) 0.0 1.000
Sum 21.00 £ 2364 33.23 £4.725 -12.683 <0.001*
NPRS
NPRS, numeric pain rating scale.
*Highly significant.

extracerebral vasoconstriction, and inhibition of neu-
rotransmitter release at both peripheral and central
trigeminal nociceptive terminals, via 5-hydroxytrypta-
mine (5-HT1B/1D) receptor stimulation (trigeminovas-
cular afferents and trigeminal nucleus caudalis). [16]

In the current study, our results showed that oral
theophylline significantly shortened the duration of
PDPH, and the length of hospital stay in comparison
to oral sumatriptan, and to our knowledge, there were
no previous trials that studied the effect of either oral
theophylline or sumatriptan on the duration of PDPH
or length of hospital stay.

The results of the present study showed that oral
theophylline improved pain scores at 2 h and signifi-
cantly decreased pain scores at 6 h, 12 h, and 18 h after
treatment in comparison to oral sumatriptan, and
resolved PDPH completely at 24 h, in comparison to
48 h after treatment with oral sumatriptan.

In agreement with these results, a randomized clin-
ical trial conducted by Mahoori et al, [17] on 60
patients with PDPH, reported a significant decrease in
pain scores in the oral theophylline than in the oral
acetaminophen group; at 2 h. (5 £ 1.57 vs. 5.97 £ 1.27),
at 6 h 343 + 1.73 vsi433 + 149), and at 12
h (2.67 = 2.35 vs. 4.24 + 1.97), P < 0.05. Also, a rando-
mized clinical study by Sen and Sen, [18] on 40 patients
with PDPH, found a decrease in pain scores at 8 h, 16 h,
and 24 h intervals in the oral theophylline than in the
conservative group, which were in line with our results,

Table 4. Treatment-related side effects of the two studied
groups.

Group Group
T(n=30 S(n=30 X

Variables [n (%)] [n (%)] test pvalue
Palpitation 7 (23.3) 3(10) 1.920 0.166
Dizziness 2(6.7) 5(16.7) 1456 0.228
Gastric irritation 6 (20) 2(6.7) 2308 0.129
Nausea/Vomiting 1(3.3) 4(13.3) 1.964 0.161
Diarrhea 0 (0) 0 (0) 0.0 1.000
Warm sensations in the 0 (0) 0(0) 0.0 1.000

body
Tingling sensation 0(0) 0 (0) 0.0 1.000
Tightness in the chest, 0 (0) 0 (0) 0.0 1.000

throat, neck, or jaws
EBP 0 (0) 0(0) 0.0 1.000

EBP, epidural blood patch.

despite giving caffeine-containing beverages and
injectable opioids in their conservative group.

In the current study, the mean sum of pain scores at
TO, T2, T6,T12, T18, T24, T36, and T48 was lower in the
oral theophylline than in the sumatriptan group, with
a statistically highly significant difference between
both groups, P < 0.001.

These results concede with that of Feuerstein and
Zeides, [19] who conducted the first pilot study of 11
patients with severe headache following diagnostic
lumbar puncture, and reported that the mean sum of
pain scores in the oral theophylline group was signifi-
cantly lower than in the placebo group (16 + 3.91
versus 28 + 4.73), P = 0.0398. Also, Sen and Sen, [18]
found that the combined pain scores were lower in the
oral theophylline than in the conservative group
(9.3 £ 5.7 vs. 56.7 £ 10.2), P < 0.001.

On the other side, a case report by Sprigge, [20] of
the first case treated with oral sumatriptan from PDPH,
after inadvertent dural puncture by Tuohy needle,
found that PDPH was relieved within 12 hours after
treatment, which disagreed with our results. This can
be explained by the usage of a large dose of oral
sumatriptan (100 mg, g8h) that was preceded by sub-
cutaneous sumatriptan (6 mg, q12h).

A recent randomized clinical trial conducted by
Botros and Sayed, [21] on 189 parturients with PDPH,
reported significant decreases in the pain scores in the
oral sumatriptan group than in the oral naratriptan and
placebo groups at 6 h.; 1 (1-2) vs 2 (1-2) P < 0.007 and
3(2-3) P<0.001, at 12 h,; 1 (0-2) vs 2 (1-2) P < 0.005
and 2 (2-3) P < 0.001, at 24 h,; 0 (0-1) vs 1 (0-2)
P < 0.019 and 2 (1-2) P < 0.001, at 48 h.; 0 (0-0) vs 0
(0-1) P = 0.137 and 2 (1-2) P < 0.001, respectively.
These results were lower than the present study,
which can be explained by the usage of a large dose
of oral sumatriptan (50 mg, q12h in the 1t day, then
g24h) and giving oral caffeine-containing drinks like
coffee and tea, to all their studied groups.

The safety of oral theophylline or sumatriptan treat-
ments of PDPH was evaluated based on the occurrence



of treatment-related side effects, in the present study,
there were insignificant incidences of palpitation, diz-
ziness, gastric irritation, nausea, and vomiting in both
studied groups. No patient of either group complained
of diarrhea, warm sensations in the body, tingling
sensation, or tightness in the chest, throat, neck, or
jaws.

Theophylline-related side effects in this study were
similar to that of two previous studies, which reported
minimal side effects (cardiac dysrhythmias, gastric irri-
tation, or central nervous system stimulation) in their
studied groups. [18,19]

On the contrary, one prior study reported no
adverse events in their studied groups, [17] which dis-
agreed with our results. This can be explained by the
higher percentage of males in their studied group,
who can tolerate side effects.

In contrast, sumatriptan-related side effects in
the current study were comparable to a recent
study that demonstrated insignificant incidences of
nausea, vomiting, and dizziness, and the incidences
of tingling and tightness were significantly higher in
the naratriptan group than in the other two
groups. [21]

To the best of our knowledge, this was the first
randomized clinical trial that compared oral theophyl-
line versus oral sumatriptan and using lower doses of
each drug in the treatment of PDPH.

4.1. Limitations

The limitation of this study was the use of NPRS for
pain assessment, which is a subjective method that
differs from one patient to another depending on
their cultures and backgrounds.

5. Conclusion

From the current study, we declare that oral theophyl-
line is more effective and safe than oral sumatriptan in
the treatment of PDPH. It accelerated the recovery
from PDPH, lowered the pain scores, shortened the
duration of PDPH and length of hospital stay, asso-
ciated with minimal side effects, and avoided the
need for EBP. Oral theophylline is a practical, non-
invasive, rapidly effective, and low-cost way to treat
PDPH.

5.1. Recommendations

Since we have enrolled only patients with class I and Il
ASA physical status to our clinical trial, we recommend
further studies to evaluate theophylline or sumatriptan
in the treatment of PDPH in other ASA physical status
classes.
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