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INTRODUCTION
Closure of holes caused by unintentional puncture 
of the dural sac with a relatively large-bore Tuohy 
needle is thought to be a linear process over a rela-
tively short time. Scientists believe that cerebro-
spinal fluid (CSF) leakage through the puncture 
hole is responsible for intracranial hypotension, 
which in turn may be responsible for postdural 
puncture headache (PDPH).1

Our objective was to study the rate and mode of 
natural closure of such dural puncture holes in an 
ex vivo sheep model at 1, 3, and 7 days after inten-
tional dural puncture.

METHODS
We randomly assigned 27 adult sheep (Ovis aries) 
to one of three groups and performed an inten-
tional dural puncture at the lumbosacral transition 
space between the sixth lumbar and first sacral 
vertebrae (L6/S1)2 on each animal. Animals were 
under general anesthesia in the sternal position. We 
used an 18-gage Tuohy epidural needle (Perican, B. 
Braun, Melsungen, Germany). After observing CSF 
flow, we removed the Tuohy needle and placed a 
metal surgical staple in the skin next to the skin 
puncture hole to mark the site for future dissection 
and obtaining samples. The animals were eutha-
nized after 1 day (group 1), 3 days (group 2), and 
7 days (group 3).

After full recovery from general anesthesia, the 
sheep were housed following international animal 
welfare standards. After the animals were euth-
anized, they were immediately refrigerated at 

−20°C (Zanotti freezing chamber, Zanotti s.p.A, 
Pegognaga, Milano, Italy) for 72 hours.2

The frozen animals were prepared such that the 
samples contained only the area of interest. The 
dural sacs were extracted without damaging them 
and immediately immersed in 2.5% glutaralde-
hyde with phosphate solution buffered. The inner 
subarachnoid surfaces of the samples were studied 
with a JSM 6400 Scanning Electron Microscope 
(JEOL Corporation, Tokyo, Japan) as previously 
described.3 4

The areas and circumferences of the puncture 
hole lesions were measured using Adobe Photoshop 
and ImageJ V.1.46a (http://​rsb.​info.​nih.​gov/​ij/) soft-
ware. The characteristics of the edges of the lesions 
on the arachnoid mater and disrupted dural laminas 
were studied. We describe the statistical analysis in 
the online supplemental text.

RESULTS
Twenty-four lesions were suitable for the study. 
Table  1 shows the demographic data, the areas, 
and the circumference measurements of arach-
noid puncture holes. Figure  1 depicts the arach-
noid lesions. The lesions in all cases consisted of a 
dural lesion superimposed on an arachnoid lesion. 
Closure of the area and circumference over time 
exhibited a logarithmic pattern (figure 2; estimate, 
−0.14; SE, 0.055; t value, −2.54; p=0.02 and esti-
mate, −0.065; SE, 0.025; t value, −2.61; p=0.017, 
respectively).

Areas were smaller on days 3 and 7 than on day 
1 (day 1, 1.77 mm2; day 3, 0.58 mm2 (p=0.027; 

Table 1  Demographic data and area and circumference measurement over time

Day 1
n=9

Day 3
n=9

Day 7
n=6

Overall
n=24

Sex

 � Woman 8 (88.9%) 8 (88.9%) 4 (66.6%) 20 (83.3%)

 � Man 1 (11.1%) 1 (11.1%) 2 (33.3%) 4 (16.6%)

Weight

 � Median
 � (min, max)

37.0
(30.0, 48.0)

39.0
(30.0, 57.0)

30.0
(24.0, 46.0)

38.5
(24.0, 54.0)

Area (mm2)

 � Median
 � (min, max)

1.77
(0.338, 4.24)

0.589
(0.443, 1.15)

0.470
(0.338, 1.38)

Circumference (mm)

 � Median
 � (min, max)

5.59
(2.96, 8.46)

3.50
(3.27, 5.39)

3.25
(2.43, 4.74)
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95% CI 0.07 to 1.08); day 7, 0.47 mm2 (p=0.027; 95% CI: 0.08 
to 1.84)). No differences between days 3 and 7 were observed 
(p=0.743; 95% CI −0.55 to 0.66). The areas of the puncture 
holes were 66.7% and 73.5% smaller on days 3 and 7 than those 
on day 1. However, there were no differences in circumfer-
ence between days 1, 3, and 7 (day 1, 5.59 mm; day 3, 3.5 mm 
(p=0.09, 95% CI −0.34 to 3.4); day 7, 3.25 mm (p=0.09; 
95% CI −0.43 to 3.9)). There were also no differences between 
days 3 and 7 (p=0.65; 95% CI −1.7 to 2.2).

By analyzing the characteristics of the lesions, we observed that 
the bevel on Tuohy spinal needles produced a small cutting lesion 
of the dura–arachnoid complex. As the tip advanced, the Tuohy 
needles produced a precise “clean” cut with limited damage to 
the dura and arachnoid maters. The tip of the needle appeared 
to fold the cut tissue inward toward the arachnoid layer, so that 

dural and arachnoid lesions produced a “crescent moon” shape 
resembling the letters “U” or “V,” as well as a geometrical image 
resembling an oval or ellipse.

DISCUSSION
The current study showed that the healing process in a dura–
arachnoid lesion produced by a Tuohy needle is not linear as 
expected, but rather a logarithmic process over time. The sheep 
model is the most relevant animal model concerning tissue regen-
eration and wound healing for preclinical human studies.5 We 
continued the study for only 7 days because we fully expected to 
find a nearly healed lesion following the natural clinical course of 
PDPH. However, we found only approximately 65% closure of 
the puncture holes. Extrapolating from this logarithmic pattern 
of the closure of puncture holes, we deduce that the closure 
process will likely take a long time because the logarithmic 
graph lines almost flatten beyond 7 days.6 Immediately following 
needle withdrawal, the edges of the lesion tended to retract due 
to the viscoelastic properties of the dura mater.7 Subsequently, it 
is most likely fibrosis that contributes to closure, which is a much 
longer process.

The healing of the needle injury to the dura thus followed 
an inverse logarithmic mathematical model rather than the 
expected linear pattern.
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Figure 1  Dural sac lesion seen from the internal surface (arachnoid 
layer) performed with an 18-gage Tuohy needle. (A) 1 day after lumbar 
puncture. (B) 3 days after lumbar puncture. (C) 7 days after lumbar 
puncture. Scanning electron microscopy was used to study the samples. 
Magnification: A, B, and C = ×70.

Figure 2  Area and circumference. Median, range, and outliers in days 
1, 3, and 7 and logarithmic fit (blue line; gray area represents 95% CI).

B
ellvitge. P

rotected by copyright.
 on July 19, 2021 at B

iblioteca U
niv B

arcelona C
am

pus de
http://rapm

.bm
j.com

/
R

eg A
nesth P

ain M
ed: first published as 10.1136/rapm

-2021-102867 on 12 July 2021. D
ow

nloaded from
 

http://rapm.bmj.com/


3García-Vitoria C, et al. Reg Anesth Pain Med 2021;0:1–3. doi:10.1136/rapm-2021-102867

Research report

2Departamento de Medicina y Cirugía Animal, Facultad de Veterinaria, Hospital 
Clínico Veterinario, Universidad Cardenal Herrera-CEU, CEU Universities, Valencia, 
Spain
3Valencia University Medical School Anesthesia Unit-Surgical Specialties Department, 
Department of Anesthesiology, Critical Care and Pain Management, General 
University Hospital, Valencia, Spain
4Division of Acute and Perioperative Pain Medicine, Department of Anesthesiology, 
University of Florida College of Medicine, Gainesville, Gainesville, Florida, USA
5Alon P Winnie Research Institute, Still Bay, Western Province, South Africa
6Lumina Pain Medicine Collaborative, Surrey, UK
7National Center for Electron Microscopy ICTS, Madrid, Spain. Department of Human 
Anatomy, Francisco Vitoria University, Madrid, Spain
8CEU-San Pablo University School of Medicine, Madrid, Spain
9Department of Anesthesiology, Madrid-Montepríncipe University Hospital, Madrid, 
Spain

Acknowledgements  The authors sincerely thank Corey Astrom, ELS, and Leah 
Buletti of the University of Florida, Gainesville, Florida, USA, for their help with the 
preparation of this manuscript.This work was accomplished in the doctorate program 
framework of Valencia University by CG-V.

Contributors  The following authors contributed to the design, conduct, and 
reporting of the results: CG-V, IRJ, MG-R, AJG-B, JDA, AB, and MAR. In addition, IRJ 
was responsible for the statistical analyses. Data collection was performed by CC-V 
and MAR.

Funding  Support was provided by the Fondo Investigación Sanitaria—Instituto 
Carlos III (project no. DTS17/00053) and by the European Society of Regional 
Anaesthesia (research grant no. 2018).

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  General Directorate of Livestock of the Generalitat Valenciana 
(Spain; code 2018/VSC/PEA/0188 type 2) and Ethics Committee for Animal 
Experimentation at the CEU Cardenal Herrera University (Valencia, Spain).

Provenance and peer review  Not commissioned; externally peer reviewed.

ORCID iD
Andre Boezaart http://​orcid.​org/​0000-​0002-​1221-​1214

REFERENCES
	1	 Candido KD, Stevens RA. Post-dural puncture headache: pathophysiology, prevention 

and treatment. Best Pract Res Clin Anaesthesiol 2003;17:451–69.
	2	 García-Vitoria C, García -Roselló M, Reina MA, et al. Validation of a bioabsorbable 

device that seals perforations after Tuohy needle dural puncture in an ovine model. Reg 
Anesth Pain Med 2021;46:389–96.

	3	 Reina Met al. An in vitro study of dural lesions produced by 25-gauge Quincke and 
Whitacre needles evaluated by scanning electron microscopy. Reg Anesth Pain Med 
2000;25:393–402.

	4	 Reina MA, Puigdellívol-Sánchez A, Gatt SP, et al. Electron microscopy of dural 
and arachnoid disruptions after subarachnoid block. Reg Anesth Pain Med 
2017;42:709–18.

	5	 Diogo CC, Camassa JA, Pereira JE, et al. The use of sheep as a model for studying 
peripheral nerve regeneration following nerve injury: review of the literature. Neurol 
Res 2017;39:926–39.

	6	 Vidal A, Mendieta Zerón H, Giacaman I, et al. A simple mathematical model for wound 
closure evaluation. J Am Coll Clin Wound Spec 2015;7:40–9.

	7	 Patin DJ, Eckstein EC, Harum K, et al. Anatomic and biomechanical properties of human 
lumbar dura mater. Anesth Analg 1993;76:535–40.

B
ellvitge. P

rotected by copyright.
 on July 19, 2021 at B

iblioteca U
niv B

arcelona C
am

pus de
http://rapm

.bm
j.com

/
R

eg A
nesth P

ain M
ed: first published as 10.1136/rapm

-2021-102867 on 12 July 2021. D
ow

nloaded from
 

http://orcid.org/0000-0002-1221-1214
http://dx.doi.org/10.1016/S1521-6896(03)00033-8
http://dx.doi.org/10.1136/rapm-2020-102225
http://dx.doi.org/10.1136/rapm-2020-102225
http://dx.doi.org/10.1053/rapm.2000.7622
http://dx.doi.org/10.1097/AAP.0000000000000667
http://dx.doi.org/10.1080/01616412.2017.1331873
http://dx.doi.org/10.1080/01616412.2017.1331873
http://dx.doi.org/10.1016/j.jccw.2016.07.002
http://dx.doi.org/10.1213/00000539-199303000-00014
http://rapm.bmj.com/

	Modelling attending physician productivity in the emergency department: a multicentre study
	Abstract
	Methods
	Study design
	Study setting
	Study protocol

	Measures
	Data analysis

	Results

	Morphology of antemortem dural puncture healing: an ex vivo sheep study
	Introduction
	Methods
	Results
	Discussion
	References




