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INTRODUCTION. 

This work is an attempt to derive from Medical Lit­

e rature the concensus regarding the mechanism, therapy, and 

prophylaxis of headaches consequent to lumbar puncture. "Spinal 

Taps", as these punctures are usually termed, are widely employed 

in cur rent medical practice; they are routinely used in several 

diagnostic procedures, and their use for administering anesthesia_ 

in General Surgery and Obstetrics and Gynecology is increasing. 

Because any process that may engender marked apprehension or 

severe dis comfort in the patient, whether or not_ p rolonged dis­

ability may result, is a matter of practical interest to the 

practicioner. vrhen, in addition, such a process may result in 

needless and unpleasant exten sion of hosp italization for the 

patient, it becomes even more a matter of interest to the 

physician. 

It is not the purpose of this paper to take part in 

the cur rent controversy regarding the merits of spinal anesthesia 

compared with those of other methods in use. 8ufi'i ce it to say 

that such procedures are in general use, and the attendant 

complications, therefore, worthy of investigation. 

Criteria for diagnosing post-lumbar-puncture hea dache 

most generally aooepted, and those which will be employed 

throughout this  work, were advanced by Pickering ll9): 

Mild to severe pain in the head, usually sub-occipital, 
but often t'rontal or ver tex; following dural punoture any­
time from one hour to several days; rapidly aggravated by 
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sitting or standing; relieved in the supine position; 
aooompanied only rarely by signs of mild meningeal 
irritation. 

For the sake of brevity, this complex of symptoms will, here­

inaf�er be referred to as spinal headaohe. 



HISTORY. 

The li�erature on the subject of spinal headache 

is voluminous and has been contributed to with irregular bursts 

of enthusiasm since around the turn of the Century, when spinal 

anesthesia enjoyed its first popularity in Europe, and shortly 

thereafter, in the United States. The practice has never lacked 

for both ardent supporters and bitter condemnation. 

Following the d iscovery of the anesthetic properties 

of Cocaine by Koller in 1884, the effect of the drug on various 

tissues was observed with widespread interest. Corning {l), an 

American Neurologist, was the first to cocainize spinal cords, 

both animal and human. His conception of the pharmacology in­

volved would now be considered crude and inaccurate, but he 

clearly foresaw the present multitude of uses for spinal anesthesia. 

Just as clearly, he was unable to interest the surgeons of his 

day in using the drug as he suggested. The method was first 

employed clinically by Arthur Sicard (2), in France, in 1897, 

and popularized during the next three years in Germany by Bier (5), 

and in France by Tuffier (3). The latter gave dramatic demonstra­

tions of surgery performed with spinal anesthetic. In answer to 

some of his detractors, he denied emphatically that the occasional 

fatal cases of surgical shock were.in any way contributed to 

by the anesthetic. 

The work of Sicard is worthy of much more space than 

can be allotted here. He was the fir st to conduct carefully-



controlled experiments, both in the clinic and in the lab­

oratory, with a view to determining the physiology and pharm­

acology of normal and pathologic spinal fluid. without doubt, 

the great bulk 01· his conclusions are accepted today. A review 

of his work would have saved much time for his contempories and 

the clinicians of a later day. He determimd most of the values 

of normal C.N.s. fluid that are present clinical standards. In 

addition, he showed that substan oos, other than water, outside 

the arachnoid envelope, permeated slowly, if at all, but were 

rapidly eliminated if pla ced within the envelope. Injecting 

as much as 300 oc of physiologic saline into the oauda equina of 

dogs, at the rate of 10 co/sec., he noted no ill effects. 

Moreover, he found the rapid injection of large amounts produced 

coma and paralysis of brief duratio� or death, if more were in­

jected after coma had been achieved. More conservative with 

hwnans, re demotlstrated that as much as 60 co might be injected 

into the sub-arachnoid space, or �5 co withdrawn, without harm 

to the patient. Of more importance in this discussion, he 

determined the rapid secretion of C.N.S. fluid by measuring the 

concentrations in samples of serial aspirations and injections. 

Without determining the mechanism, he reported the variable 

appearance of severe readaohe, precipitous blood-pressure and 

body temperature changes, and emesis, following dural puncture. 

It is of incidental interest that Sicard concluded the lumbar 

region the safest, as well as the most convenient area of 

access to the sub-arachnoid space. 
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In the United States, in 1900 and 1901, Fowler (4), 

and other workers who investigated the use of cocaine f'or spinal 

anesthetic, concluded that the method held certain grave dangers 

that precluded more than limited use of it. In the years that 

followed, the number of spinal taps decreased until the justly 

famous work of Wasserman produced a successful diagnostic aid for 

luetic infection. Thereafter, the number of such taps increased 

rapidly, and, along with then, an increased concern with spinal 

headaches. Many theories to explain the malady were offered. 

Dana (6) stated that the incidence of these headaches was higher 

in those patients whose spinal f'luid '·,asserman was negative, 

however, his conclusion was not confirmed by other workers, and 

was actively refuted by McRobert (8). 

Much of the work o·n this subject was not well-supported 

by investigation. Lott(7), for example, in 1917, purported to 

sho� from a series of 700 taps, that the intensity and duration of 

spinal headaches was in direct proportion to the initial spinal 

fluid pressure. He made no manometrio studies, and his work was, 

therefore, considered of little value. 

In 1918, McRobert (8) proposed the theory, still 

generally accepted, that spinal headache resulted when a persistent 

leak of spinal fluid into the epidural space caus ed tM fluid 

pressu re to drop below the level necessary to supoort the basilar 

structures of the brain. He found the dura to be a thiok� fibrous 

sac, with no elastio or contractile tissue, and that any hole 

-6-



made in the sac persisted until healing took place - - usually 

seven to eight days. Further, he reasoned, and confirmed, that 

a needle entering the sac at an angle is less likely to leave a

patent aperture when withdrawn, because of the flap-valve action 

of arachnoid against dura. In work on cadavers, he found that 

needles with sharply angled points and cutting edges, left larger, 

less regular holes, than those with a round point. For the same 

reason, he suggested the use 01' needles smaller than the 17�, 18-, 

and 19-gauge instruments commonly employed. He postulated that 

the pain experienced by the patient was caused either by contact 

of the brain with its bony case, follo,.,ing loss of its cushion-

ing fluid, or else to a sudden increase in venous pressure when 

flow through the basilar plexus was blocked. He favored the • 

latter theory, as have nunerous other authorities (10), (12), (13), 

(15), (16), (19), (23), (28). In a series of 252 cases, MoRobert 

reported an incidence of spinal headache of 4% - - incidences of 

30% to 00% had not been considered remarkable, prior to his work

in 1918.

Much investigation of the mechanism of spinal headache 

has been carried on since McRobert propounded his theory, and 

most of it, either directly or indirectly, tends to confirm that 

theory. 

Baar (9), in 1920, reported a marked decrease in the 

number of headaches following lumbar puncture when infusions of 

600 to 750 co of 0.0% saline were given post-puncture. 
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doyt ll), in l9i2, suggested that, since a very small 

needle was unable to pass through the spinal ligaments without 

bending, a needle large enough to enclose a smaller inner needle, 

until the dura was reached, might be efficacious. Using this 

technique, he achieved good results in a small series. The 

work of Cann and Wycoff (29), B. A. Greene (31), and Erskine and 

Johnson (12), was later based on Hoyt's technique.· 

H. M. Greene (12), in 1926, confirmed, by post-mortem

examimtions, McRobert's statements that the hole in the dura 

was proportional to the diameter of the needle usec,, and also to 

the taper of the needle point. Of further interest are Greene's 

findings that the dural sac in the thoracic and lumbar regions 

is not firmly attached to bone, and less firmly attached to the

posterior surface than to the anterior. He showed that the sac 

moves up and down as the spine is flexed and extended, and that 

the sac was damaged further if movement occurred while a needle 

was in place - demonstrating, incidentally, that such damage was 

greater with a 19-gauge than with a 22-gauge needle. From the 

s�andpoint of safety it is important to note Greene's observation 

that, using needles manufactured by the same company of identical 

material, a 19-gauge needle usually snaps when bent pest 30 degree,, 

while a 22-gauge needle may be bent into a cork-screw without 

breaking. 

Alpers l8), in 1926, reviewed the work of' two German 

workers (H. Baruch, 1920, and H. �techer, 1924) who confirmed 
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the theory of MoRobert regarding the mechanism of loss of 

C.N.S. f'luid followi ng lumbar puncture. By using various dyes 

(indigo carmine, for one) which are not excreted from the C.N.S. 

fluid. but are removed from tre epidural space and excreted in 

the urine, they were able to show that dye injected•into the sub­

arac�oid space does not appear in the urine while the needle is 

left in plaoe, but can be detected there wi1nin eight minutes 

follov.i ng removal of the needle. Alpers alSo observed, as had 

Sioard, in 1897, that symptoms showed no direct relation to the 

amount of C.N.S. fluid lost from the system. He found that in 

every case of spinal headache studied there was a marked drop in 

fluid pressure after withdrawal. In the most severe oases, the 

pressure was at, or mar, O mm of v.ater. As for therapy he stated 

that pituitary extract often benefited the less severe oases, 

hypotonic Sliline infusions sometini,s aiding the more severe. In 

any case, improvement was coincident with a rise in spinal fluid 

pressure. Evans (11), in 1928, while discussing the complications 

of lumbar puncture on a broader b asis, concurred with Alpers as to 

cause and therapy of headaches due to decreased spinal fluid 

pressure. 

Probably the most extensive and carefully controlled 

researches by a contemporary authority were made by Nelson (16), 

in 19�0. Observing the reactions of both dogs and humans, with 

necropsies on both to support his findings, he corroborated the 

conclusions of MoRobert. He also developed an apparatus f'or 
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placing chrome-gut suture in the dural defect following lumbar 

puncture, reducing the incideme of headache to negligible pro­

portions. All of Nelson's patients were evaluated as tos 

l. Sex, �eight and temperament.

2. Amount of f'luid withdrawn.

3. Time required for operation.

4. Difficu lty in placing needle.

6. Number of wounds made in dura.

6. �resence or absence of fresh blood.in the fluid removed.

In addition, only headaches obeying the criteria set forth in the 

introduction to this paper were considered. His principal con­

clusion was, that in ail cases of spina1 headache the spinal 

fluid pressure was remarkably low, while it was at normal levels 

in those not suffering from such headaches. By means of necropsy, 

Nelson was able to demonstrate that human dura varies markedly in 

thickness in different areas, and that it is vascular in some 

portions, avascular in others, with no regular pattern. He further 

demonstrated that headache is more likely to develop when dura is 

pierced in a thin area, and also, when punctured prependicularly 

rather than diagonally. Also at necropsy, Nelson demonstrated a 

patent needle tract in a patient whose dura had been punctured 

eleven days prior to death. 

W. M. Sheppe (17) reported in 1934, that by using a

�2-gauge needle with a tapered point, he had reduced his incidence 

ot' spinal headache in ambulatory patients to less than 10,�. 
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Of more interest, however, is the fact that manometric measure­

ment had convinced him, as it had Heldt and Maloney (14), in 

1928, that there is often a lower pressure in the epidural 

than the subdural space, thus promoting the aspiration of fluid 

following dural puncture. Especially did he find this true in 

patients immediately post-partum. He observed that, by with­

drawing the stylet while the needle-end was in the epidural space 

and allon1 ng air to entor the space for a bout ;50 seconds, the 

epidural pres�ure was raised and the flow of fluid into that space 

inhibited. After employing this procedure routinely, he report­

ed a 3% incidence of mild headaches with no severe reactions. 

Further work with small needles was done, in 1938, by 

�rskine and Johnson (18). They reported on the use of Harrison's 

modification of the Dattner needle (a 25-gauge needle within a 

,W-gauge), giving an incidence of four headaches in 118 oases. 

They offered a careful description of their technique, which 

does not seem impractically difficult. 

Discussing the mechanism of headache, in 19;59, Pick­

ering (19) concluded that most pain in the head is caused by 

tension on the blood vessels and perivasoular structures, especial­

ly any i'actior that causes an expansion of the arteries and sinuses

at the bqse of the brain. In 1948, he delt particularly with 

spinal headache, finding in each case a spinal fluid pressure 

below normal or at the lower limits of normal. He noted, also, 

that in about one-third of his cases, the pain was pulsating in 
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nature and relieved by pressure on t he carotid arteries. 

ni-ch little modification of his previous conclusion, he stated 

that pain in spinal headache may be ascribed to caudal displacement 

of the brain, with tension on the anchoring structures, 

particularly, the large arteries at the base. Kunkel, Ray, and 

�olfe, (G�), after much carof'ul investigation, had published 

similar findings, in 194�. 

Further convincing evidence of persistent dural leak­

age following lumbar puncture is offered in an article written 

by J. L. Pool (22) in 1942. He stated that the myeloscope 

frequently revealed spinal fluid in the epidural space when

routine taps had been done within four days previously. 

The elimination of rest following lumbar puncture 

was recommended, in 194G, by Blau l2O), and again in 1946, by 

Underwood (G6). Underwood divided a series of 500 oases into 

two groups, those restin0 after the puncture, and those ambulatory. 

Using a G2-gauge, Quincke-type needle, he found a 15% incidence 

of headache in the ambulatory group, compared with a G5% in­

cidence in the rusting group. Adler \G4), in 194�, publisred 

the opinion that tne sooner a patient go�s to bed following lumbar 

puncture, the more likely he is to have a headache. Strongly 

stressing the psychogenic factors involved, he recommended that 

as little 11fuss 11 as possible be made over the operation of tapping. 

His incidence, in 108 cases, was 13%. Levin (Gb), in 1944, 

with an impressive series of 2,217 oases, recommended the same 
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procedure, with the exception that he employed a 20-gauge needle 

and rapid fluid withdrawal. Even more impressive is Levin's 

claim of less than 1% incidence of headache, a figure quite 

possibly open to some question. Obviously the above statistics 

apply to punctures done for diagnostic purposes and have little 

bearing on the handling of surgical and obstetric patients. 

In the Obstetrics field, Weintraub, Antine, and 

Raphael (27), in 1947, recommended the use 01' a �ight, well­

padded abd_cminal binder for the relief of headaches following

saddle-block anesthesia. They had observed that headaches were 

more common, with this anesthetic, after vaginal delivery than 

after delivery by section. In severe cases of spinal headaches, 

they observed that orthostatic hypotension and tachycardia often 

accompanied. Reasoning that these complications might be on the 

basis of a .sooden decrease in abdominal pressure with consequent 

splanchnic pooling of blood and less constriction of the lumbar 

epidural space, they tried the binder and found symptoms relieved 

in every case. They recommended, further, that the binder be 

applied in all cases of spinal headache, whether or not the 

patient was ambulatory. 

A more direct approach to the problem of spinal head­

ache was made by Ahearn (28), in 1948. By th:I intra-theoal 

injection of not more _than 2Q cc of 5% glucose, in either plain 

water or saline, he achieved one to two· hours of relief in 14 

oases of severe spinal headache. With a view to obtaining longer 
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enduring remission of symptoms, Rice and Dabbs (29) experimented 

with the ir.jeotion of saline into the epidural spaoe via the oaudal 

canal, in the menner of continuous caudal anesthetio. In a series 

of 2G cases reported by them earlYi in 1950, the average total 

volume of saline injected was 82 cc. The usual initial dose was 

20-30 oo, and, in about h!ilf of thei·r cases, no more than the

initial amount was required for immediate and permanent relief. 

By means of the indwelling catheter, they were able to control 

symptoms easily in every case. In addition to the above in­

formation, they reported a decrease in the incidence of spinal 

headache when the G4-gauge needle-within-a-needle technique was 

adopted. 

Small needle operations are perhaps approaching their 

ultimate with_ the recently published work of B. A. Greene (31), 

who utilizes a 26-gauge needle guided by a 21-gauge needle. 

Greene, who had encountered a 26% incidence of spinal headache 

while using a 22-gauge needle, reduced the figure to 0.4% in 

700 obstetric cases with his 26-gauge instrument. hven more 

recently, Cann and �yooff (30) have disclosed a reduotion of 

incidence to 5% by the use of a 27-gauge needle. By all reports, 

the teohnique of using very small needles is not diffioult to 

acquire. They are, however, more time-cons�ing, sinoe forceful 

aspiration is requisite for assuring entranoe into the sub­

arachnoid spaoe. 
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DISCUSSION. 

Regarding the mechanism of Post-Lumbar-Puncture 

Headache, there would appear to be no reasonable doubt that 

.11cRobert' s theory of persistent loss of spinal fluid resulting in 

inadequate support for the pain-sensitive structures of the 

brain is gener ally accepted by the out-standing workers on the 

subject. Necropsy observations as well as myeloscopy and dye­

excretion studies lend strong support to the theory. Further 

evidence accrues with a review of the effective methods of 

therapy and prophylaxis: Increased abdominal pressure, admission 

of air or saline into the lumbar peridural space, intrathecal 

injection of saline, hypotonic saline infusions, small needle 

techniques, and walking (again,an increase in abdominal pressure). 

Any of these procedures may be assumed to be effective either 

by inhibiting the escape of C.N.S. fluid or accelerating its re­

placement. 

In evaluating the comparitive merits of the methods 

listed above, it must be remembered that tre size and type of 

needle employed, and the effectiveness of hypotonic saline in­

fusions are the only procedures which have been investigated often 

enough to determine general agreement, or the lack of it. 

The author's limited experience of 100 lumbar punctures is not 

great enough to be statistically sound. Experience has indicated, 

however, that 22-gauge needles give better results than tholB of 
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larger bore, only if the number of attempts at puncture is kept 

at a minimum. Abdominal binders have g iven relief· in the three 

cases in which they were tried. 

Because of the special apparatus and time required, it 

is not likely that Ne lson's (16) chrome-gut plug will ever be 

widel y accepted in practice. 

Of the prophylactic measures suggested in this review, 

anatomic and physiologic considerations ten d to favors Sheppe's 

(17) admission oi' air into the peridural space following puncture,

the use of small needles, and optimum preoperative hydration of 

Dhe patient. In addition, in many cases, an abdominal bind er 

might be applied as a precauti on. On the same basis of consider­

ation, the most promising therapeutic procedures appear to be pe ri­

dura.l injection of saline of Rice and Dabbs ( 29), and the abdominal 

binder of 11eintraub, Antine, an d Raphael ( 27). 

The selection of any method will, of cour se, depend on 

the experience and equipment avai lable·to the operator, as well as 

the exigencies of time and place. The success of the method 

selected will reflect, to a material degree, the skill of the 

user -witness the wide variations in t he incidence of spinal 

headache reported by dif'ferent workers uti lizing similar equip­

ment a nd procedures. 
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CONCLUSIONS. 

The mechanism of Post-Lumbar-Puncture Headache is 

generally accept.ad to be the one proposed by McRobert: A dural 

defeot rdsulting from puncture and withdrawal of a needle allows 

the escape of C. N. s. fluid with consequent diminished support 

to the brain and its pain-sensitive structures. 

Most of the presently available prophylactic and 

therapeutic measures require more extensive investigati on before 

their worth for gens-al use can be assessed. 

�kill of the operator is a factor in any of the suggested 

procedures. 
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