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approximately fifty spinal punctures
that follow the procedure have been complained of by so many patients
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and

are

that it seemed wise to investigate the cause and search for some means
of preventing them.
Based on explanations of the cause of the headaches, various procedures have been recommended for prevention or cure. With the idea
of increasing either the pressure or the actual secretion of spinal fluid,
subcutaneous injections of solutions of pituitary and the intravenous
injection of hypotonic solution of sodium chloride have been used.
The use of a needle of small caliber has been advised to reduce to a
minimum the size of the hole left in the meninges. Sicard 1 and others
have suggested confining the patient to bed with the head lowered for
from twenty-four to forty-eight hours after puncture. Replacing the
fluid removed at puncture with a physiologic solution of sodium chloride
introduced into the canal with a syringe has been reported to be of
benefit. Greene 2 suggested the employment of a needle with a rounded
point and stated that by means of it, injury to the meninges similar
to that produced by the usual bevel-pointed needle may be largely
avoided. He has obviated postpuncture headaches in practically every
case by the use of this needle.
In my experience none of these methods has been satisfactory ; in
fact, headaches continued to occur frequently following their use.
In an effort to establish the cause of postpuncture headaches and to
find some means for their prevention, several investigations were
undertaken :
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1. The relation to the incidence of headache of certain factors, such
the weight and temperament of patients and changes in spinal fluid
pressure during lumbar puncture, was investigated.
2. The work of Jacobaeus and Frumerie 3 on the pressure of the
spinal fluid before puncture and during the postpuncture period was
repeated and a further observation was made in regard to the pressure
during the headache.
3. To investigate the possibility of the occurrence of leakage of
spinal fluid through the opening made by the needle in the dura mater
at lumbar puncture, a portion of lumbar dura mater was examined
post mortem from a patient on whom spinal puncture had been done
eleven days before death.
4. In a series of experiments, pieces of catgut 4 cm. or more in
length were inserted at lumbar puncture into the walls of the spinal
canals of ten dogs and were left in place, filling the holes made by the
needles. The purpose of this experiment was to test a method for
as

Fig. 1.—The catgut is inserted into the needle by the flat-tipped "insertion
stylet," which has been pushed into the needle up to a mark (.1/) previously
scored on its shaft. This mark is 3 cm. (the length of the catgut) from the end
of the butt end of the stylet. The stylet is approximately the same length as the
needle, and, when it is inserted into the needle as far as the mark mentioned,
the catgut has been made to protrude just beyond the tip of the needle into the
spinal canal.
headaches by obviating leakage of the spinal
fluid after lumbar puncture. The idea underlying it was to attempt
to plug the lumbar puncture needle hole in the meninges. Catgut was
selected for this purpose because it is easily inserted through the needle
while dry and stiff, and swells in a few minutes to twice its original
diameter when wet by the spinal fluid or other tissue juices. After
the experiments on dogs, which were carried on over a period of two
years, had furnished satisfactory evidence that the procedure was
without danger, practical application was made of it in patients.

preventing postpuncture

3. Jacobaeus, H. C., and Frumerie, K. : About the Leakage of the Spinal
Fluid After Lumbar Puncture and Its Treatment, Acta med. Scandinav. 58:102,
1923.
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EXPERIMENTAL

STUDY

In this study, pieces of catgut of varying length were inserted at
lumbar puncture into the hole left by the puncture needle in the
posterior walls of the spinal canals of ten dogs. Lumbar puncture
was performed in the usual way, using a 19 gage needle and inserting
it no farther than the distance just necessary for the tip to enter the

Fig. 2.—A stand with an adjustable sliding holder (B) is placed in position
resting against the patient's back, and the button-like outer end of the stylet is
placed in the holder. The corrugations on the holder fit with similar corrugations
on the stand, and when the holder and stand are pressed together firmly, the
button (A) of the stylet becomes a fixed point. In this manner the stylet and
catgut are held in constant relation with the dura mater and spinal canal.

Fig. 3.—The stylet is being maintained in a fixed position by the holder, and
the needle is being withdrawn, leaving the catgut (C) in place, protruding
through the hole in the dura mater into the subarachnoid space.

spinal canal. (This point can be determined as in the human subject,
by the sudden slight "give" of the needle on entering the canal.) The
stylet of the needle was withdrawn and a drop or two of the spinal

fluid was allowed to escape to make sure that the needle had entered
the canal. Next, a special adapter for facilitating the insertion of the
catgut into the spinal puncture needle was adjusted into the hub of
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the needle and a piece of plain sterile catgut, previously dried to stiff¬
ness and cut with a razor to the desired length, was inserted into the
hole of the adapter with the aid of flat-tipped tweezers. By means
of a special stylet of measured length and flat tip, the catgut was then
pushed into the needle far enough to leave its innermost end pro¬
truding just beyond the tip of the needle into the spinal canal (figs.
1 and 2). This was made possible by marking the shaft of the stylet
at a distance equal to the catgut's length from its outer end and pushing

Fig. 4.—A portion of the posterior wall of the spinal canal of a dog. At
postmortem lumbar puncture, it was found that a piece of catgut had been inserted
into the hole left by the needle. The catgut is seen projecting about 1 cm. into
the spinal canal ; X 2.
the stylet into the needle up to this point. A specially constructed
stand (fig. 3) with an adjustable sliding holder attached was next
placed in position on the dog's back, and the button-like outer end of
the stylet was fixed in the holder. The holder and stand were gripped
in the left hand (fig. 4) and held firmly against the dog's back, in this
way maintaining both the stylet and the catgut in a position of fixed
relation with the spinal canal. The puncture needle was then with-
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drawn with the right hand, leaving the piece of catgut to be held by
the tissues of the lumbar region in a position filling the hole made
by the needle. In these experiments, the animals were anesthetized
and their backs shaved and painted with iodine before operation.
Necropsies were carried out in every case and the spinal canal wass
examined from the level of the shoulders to the tail.
In all of the clogs, at necropsy the spinal cord was normal both
macroscopically and microscopically throughout its length. In seven
dogs, examined from five weeks to eleven months after operation, no
trace of the catgut could be found. In two, examined three and fifteen
months later, small holes were seen in the walls of the canal at the
site of the puncture, and from the margin of these holes were hanging
thin fibrous strands about 2 cm. in length. It could not be definitely
determined whether the strands were remnants of the catgut or strips
of periosteum torn loose during dissection. In one dog, which died of
distemper three and a half weeks after operation, all of the six pieces
of catgut that had been inserted were found projecting into the spinal
canal. In this dog, as in the others, the dura and spinal cord were
normal.
CLINICAL

STUDY

Factors in the Causation of Postpuncture Headaches.—This studyconsisted in recording certain variable manifestations observed in 200
patients on whom lumbar puncture was done. Readings of pressure
of the spinal fluid were taken before and after the removal of from
5 to IS cc. of spinal fluid. Record was made also of difference in the
sex, temperament (stolid or neurotic) and weight of the patients,
the time required for the operation, the amount of spinal fluid with¬
drawn, any difficulty the needle encountered in entering the canal, the
number of holes made in the dura mater and the amount of fresh
blood, if any, in the spinal fluid that was removed. The last obser¬
vation was made as an indication of hemorrhage set up by the needle.
The measurement of the pressure of the spinal fluid was made by
means of a glass L-tube manometer with a bore of 2 mm.
In all cases,
a 21 gage needle with a beveled point was used and the operation was
done with the patients lying on their right sides. All patients were
confined to bed, with heads lowered, for twenty hours or more after

puncture.
Of the 200 patients in the entire series, approximately 20 per cent
suffered from typical postpuncture headache. In a group of thirty
patients with neurosyphilis who gave evidence of meningeal involve¬
ment, the incidence of headache was 10 per cent, or half the average.
None of the other variable factors recorded, namely, the pressures of
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the spinal fluid, the sex, weight and temperament of the patients, had
any significant relation to the percentage of headaches that occurred
after puncture.
Pressure of the Cerebrospinal Fluid Before and During Post¬
puncture Headache.—On three patients who were in the usual recum¬
bent posture, pressures of spinal fluid were taken at lumbar puncture
before and after the removal of 7 cc. of spinal fluid, and again, at a
second puncture the next day, during typical postpuncture headache.
In one of the three patients the pressure was taken in a sitting as
well as in a recumbent posture, both before and during the headache
(tables 1 and 2).
Table 1.—Pressure

of the Spinal Fluid in Tivo Patients, Before and During
Postpuncture Headaches *
Pressure of

Spinal Fluid,

C.Mm. of Water
Time ol Puncture
Before removal of 6 cc. of cerebrospinal fluid.
Three minutes after removal of the cerebrospinal fluid.
During postpuncture headache (next day).

First Patient

Second Patient

13.0
9.5
2.5

15.0

10.0
2.0

*
A marked fall in pressure has taken place in each case between the timo of the first
puncture and the time when the postpuncture headache was present.

Table 2.—Pressures

of Spinal Fluid in the Third Patient
During Postpuncture Headaches *

Punctured

Before and

Pressure of Spinal Fluid.
C.JIm. of Water
Time of Puncture
Before removal of 10 cc. of cerebrospinal fluid.
Three minutes after removal of 10

fluid

cc.

of cerebrospinal

.

During postpuncture headache (next day).

Sitting
Lying on
Right Side Upright Site of Puncture
18.0

53.0

Level of the fora¬
men

11.0
5.5

28.0

magnum

Level of the third

rib anteriorly

The pressure was much lower during the time of the headache than it was even after
removal of the spinal fluid at the time of the original puncture. There was a difference in
the levels of the fluid before and during the headache when the patient was sitting upright.
*

Wounds in the Dura Mater and Characteristics of the Dura at the
Site of Puncture.—A portion of the lumbar dura mater of a patient
who had died from cerebellar tumor eleven days after spinal puncture
had been performed was examined macroscopically and microscopically.
Special attention was paid to the nature of the injury to the dura mater
made by the puncture needle (fig. 5) and to the characteristics of the
dura at the site of puncture, in order to determine how these factors
might affect the possibility of leakage of spinal fluid after puncture.
Three distinct puncture wounds were found, and when first seen
all were apparently closed. As shown in figures 6 and 7 the thickness
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of the dura was variable; in places it was less than 0.3 mm. and in
other places, more than 0.85 mm. In some regions, the dura was
vascular; small vessels coursed longitudinally within it and along its
walls. In other areas, it was without blood vessels. In two places,
the needle had penetrated the dura almost at right angles ; in the third
place, it had left a tract leading diagonally through the dura. The
exact points of puncture of the dura could not be located in the micro-

Fig. S.—Wounds made in the dura mater of a patient at lumbar puncture
done eleven days before death. The wounds appear to be open, owing to stretch¬
ing of the specimen before it was photographed.

scopic sections, but areas of hemorrhage were found that were believed
adjacent to the puncture wounds.
An Attempt to Plug the Hole in the Meninges.—In the manner
previously described, pieces of catgut 3 cm. long were inserted, at the
time of lumbar puncture, into the hole left by the needle in the spinal
meninges of 102 patients. At the same time, lumbar puncture was done,
for control purposes, on ninety-two other patients, in the routine man¬
ner, without plugs of catgut. The patients on whom the catgut method
to have been
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had been used were kept flat in bed for twenty hours after puncture.
Those on whom puncture had been done in the customary way also
were kept in bed, but with head lowered, for the same length of time.
Of the ninety-two patients used as controls, from whom spinal
fluid had been removed in the ordinary manner, sixteen (17.4 per cent)
had characteristic postpuncture headaches. Twenty among the ninetytwo patients had had from one to fourteen previous spinal tests with¬
out postpuncture reaction. Of these twenty patients, only one suffered
a reaction at the time of the test that is recorded here.
Of the 102

Fig. 6.—A section of one portion of the dura mater shown in figure 5; X 100.
The dura mater is 0.3 mm. thick, and blood vessels are absent.

patients in whom catgut was inserted at lumbar puncture, five (4.8 per
cent) had reactions that could be interpreted as postpuncture headaches.
Approximately half of the 102 patients complained of aching pains
in the back, in the popliteal region and in the posterior muscles of the
thighs. Twenty of the 102 patients had headaches quite different from
those of typical postpuncture reactions, in that they became no worse
or were definitely relieved on sitting up. These headaches first appeared
while the

patient

was

and lasted for but

a

lying in bed. about twelve hours after puncture,
few hours, not lasting more than one day in any
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With the patient in a horizontal position the headaches continued
unabated. Three patients who had had tabetic pains previously
suffered from attacks of these pains that lasted two, three and ten days,
respectively, after the test was done. Seven of the 102 patients in
this group were especially selected for testing the catgut method because
they had had prolonged headaches following previous punctures. One
patient in particular had had four previous punctures, with severe post¬
puncture headache lasting nine and ten days after each puncture. Of
these seven patients none had postpuncture headache when the catgut
plug was used.
case.

Fig. 7.—A section of an adjacent portion of the dura mater shown in figure
6; X 100. The dura is 0.8S mm. thick, and the blood vessels are numerous.
COMMENT

The data concerning the patients on whom pressures of spinal fluid
were taken before and during postpuncture headache confirm those of
Jacobaeus and Frumerie and prove that between the time of spinal punc¬
ture and the onset of postpuncture headache a remarkable fall in spinal
fluid pressure takes place. This fall in pressure is direct evidence of a
marked reduction in the volume of spinal fluid, the cause for which,
there is reason to believe, may be a leaking out of the fluid through
the needle hole in the meninges.
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It is apparent that the opportunity for such leakage to occur would
depend on the balance of the pressures existing in the subarachnoid and
epidural spaces at the needle opening. The pressure exerted by the
tissues in the epidural space, at any point in the lumbar region, is in
all probability determined by that of the blood in the epidural veins
at that point. As assumed by/ Ingvar,4 the pressure of the blood in
the epidural veins at any level should, because of the anastomoses exist¬
ing between the epidural and extracolumnar veins, be approximately
equal to the weight of a column of blood extending vertically- to the level
of the mouth of the vena cava. Accordingly, the pressure of the
spinal fluid that would be necessary to overcome the pressure of the
tissues occupying the epidural space and cause leakage at the opening
made by the needle would be that of a column of fluid reaching from
the level of the opening made by the needle to a point a little above the
heart. In this respect it appears to be significant that if the puncture
was made with the patient in the upright position during the time of
postpuncture headache, the spinal fluid rose in the manometer to the
level of the heart. This suggests that at this level the pressure of the
spinal fluid had been equalized by the pressure of the tissues in the epi¬
dural space and that the leakage which had occurred previously had
been checked.
The pressure of the spinal fluid during postpuncture headache, in
the patient just referred to, furnishes evidence that explains at least one
mechanism by which postpuncture headaches are produced. As there
is reason to believe that the level of fluid in the spinal subarachnoid
space was at the level shown by the manometer (that is, at the level of
the heart with the patient upright) it may be assumed that the spinal
subarachnoid space, from the level of the heart to that of the foramen
magnum, must have been virtually empty of fluid and the cranial sub¬
arachnoid space at least partly so. Under these circumstances, with the
patient upright the spinal cord, no longer buoyed up by the fluid as
normally, would exert downward traction equal to its weight on the
brain, increasing the tendency of the brain to press against the base of
the skull. This strain on the spinal cord, together with the distortion of
the brain and meninges brought about by the unusual pressures acting
on these structures, could hardly fail to produce severe headache.
The
fact that these conditions would prevail only with the patient in the
upright position and that they would be mitigated immediately when
the patient lay down offers the only satisfactory- explanation for the
constant relation of postpuncture headache to the patient's position.
4. Ingvar, Sven: On the Danger of Leakage of the Cerebrospinal Fluid
After Lumbar Puncture, Acta med. Scandinav. 58:67, 1923.
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In regard to the nature of the wounds found at necropsy in the
dura mater of a patient on whom lumbar puncture previously had been
done, the observations made have led me to believe that the various
local differences seen to exist in adjacent portions of the meninges may
have a bearing on the production of postpuncture reactions. Since
the dura mater can be two or even three times as thick in some regions
as in others, it is apparent that if the needle were to enter the canal

of escape of the fluid
factors quite different
from those which would obtain if the needle were to make its hole in a
thin portion. Where the dura is thick, it would be able to withstand
considerable tension without being stretched to the point of allowing the
hole to open, but where it is thin the same tension of spinal fluid
might stretch it sufficiently to open the hole and allow the fluid to escape.
The differences in degree of vascularity of the dura in different regions
also may be of some significance. If, during puncture, the needle were
to strike a vascular portion and rupture a blood vessel, bleeding would
take place into the wound and help to plug it, whereas, if the needle were
to penetrate the dura in an avascular portion, bleeding would not occur.
The angle at which the needle pierces the dura on entering the canal
likewise may affect the opportunity for subsequent leakage. If the
needle were to enter the canal at right angles to the dura, leakage would
be favored by the directness of the communicating passage left between
the subarachnoid and epidural spaces. On the other hand, if it were to
go through the dura obliquely, there would be overlapping of the edges
forming the hole, following withdrawal of the needle, and a kind of
valve would be formed that would have a tendency to close under
pressure of the spinal fluid. It seems possible, therefore, that the
opportunity for leakage to occur would depend on the particular combi¬
nation of the three conditions that happened to be present at the site
of puncture.
In interpreting the results of the investigations involving percentages
of postpuncture reactions it is necessary to make clear what is con¬
sidered a "reaction." Briefly, the distinguishing characteristics of such
a reaction are that headache is usually the outstanding symptom, that
it comes on when the patient assumes the upright position, that it per¬
sists for a number of days at the least, compelling the patient to remain
in bed the greater part of that time, and that it disappears promptly
when the patient lies down. In compiling the results of this work, only
the typical reactions just described are considered.
The low incidence of postpuncture headache in patients in whom
catgut was inserted at lumbar puncture supports the hypothesis that
leakage is the cause of postpuncture headache. Although the figures
are not conclusive, it is worth mentioning that in order to make doubly

through a thick portion of the dura, the chances
following puncture would depend on mechanical
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favor was being shown the method in which catgut was used,
the selection of patients was purposely made in such a manner as to put
the catgut method at a disadvantage in reckoning with results. Thus,
the group of ninety-two patients on whom spinal puncture was done
without catgut included twenty who had had from one to eleven previ¬
ous punctures without headache, whereas the group of 102 patients on
whom it was done with catgut included none of this type. On the other
hand, the latter group did include all seven patients who had suffered
from postpuncture headaches previously, and none of these seven
patients had postpuncture headache following the use of catgut.
sure no

SUMMARY

Readings of pressure of spinal fluid were taken on 200 patients
before and after removal of from 5 to 15 cc. of spinal fluid. Records
were also made of the following : ( 1 ) differences in patients with respect
to sex, weight and temperament, (2) the amount of fluid withdrawn,
(3) time required for the operation, (4) difficulty of inserting the
needle in the canal, (5) the number of wounds made in the dura and
(6) the presence or absence of fresh blood in the fluid that was
removed. Typical postpuncture reactions occurred in approximately
20 per cent of these patients. There did not appear to be any relation
between pressures of spinal fluid or any of the conditions mentioned
and the incidence of headache.
Readings of pressure of spinal fluid were taken on three patients
before and after removal of 8 cc. of spinal fluid, and again the next day,
during typical postpuncture reactions. In all three patients, the pressure
was found to be remarkably low during the headache, indicating a
great reduction in the volume of spinal fluid in the spinal subarachnoid
space. In one patient, in the sitting posture, before the headache
appeared the fluid rose in the manometer to the level of the foramen
magnum as in normal persons, and during the headache to the level
of the heart. This is of apparent significance in relation to the theory
of leakage as a cause of postpuncture headache.
A portion of dura mater was removed at necropsy' from the lumbar
region of a patient, eleven days after spinal puncture had been done.
Three wounds of puncture were seen in the dura. It was found that
the dura varied in thickness in different regions, that it was vascular
in some places and avascular in others and that the needle had pene¬
trated the dura in two of the wounds at right angles and in the third,
obliquely. It is believed that such variable factors may operate either
to favor or to prevent leakage of spinal fluid following lumbar puncture.
In ten dogs, pieces of catgut were inserted, at lumbar puncture,
into the tracts left by the needles in the lumbar tissues and in the walls
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of the spinal canals. The catgut disappeared in from four to five weeks.
The spinal cord and the meninges were not injured by the procedure.
In 102 patients, pieces of catgut 3 cm. long were inserted at lumbar
puncture in the hole left in the meninges by the puncture needle. Five
of the patients (4.9 per cent) had typical postpuncture reactions. Six¬
teen (17.4 per cent) of ninety-two patients on whom ordinary spinal
puncture was concurrently done suffered from typical postpuncture
reactions. It is believed that in the first group of patients the catgut
aided in preventing postpuncture headache by plugging the hole that
remained in the meninges after puncture.
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