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Reference Range for Cerebrospinal Fluid Opening Pressure  
in Children

To the Editor: A reference range for cerebrospi-
nal fluid (CSF) opening pressure in children un-
dergoing diagnostic lumbar puncture has not been 
established.1 The influence of age, body-mass in-
dex (BMI), and depth of sedation on opening pres-
sure in children is also uncertain.2

We conducted a 2-year, single-center prospec-
tive study of CSF opening pressure in children 
undergoing lumbar puncture as part of their rou-
tine clinical care. Our objective was to establish 
a useful, clinically relevant reference range for 
opening pressure and a threshold value for ab-
normally elevated opening pressure (in the 90th 
percentile or higher, defined a priori). Our refer-
ence group consisted of children between 1 and 18 
years of age, none of whom was taking a medi-
cation or had signs of a disease or condition that 
would alter opening pressure on lumbar puncture  
(e.g., papilledema, hydrocephalus, cerebral edema, 
Chiari malformation, meningitis, or use of diuret-
ics).  The procedure was performed with subjects 
in the lateral recumbent position, and the open-
ing pressure was measured with the use of a stan-
dard manometer. (For enrollment criteria, meth-
ods, and results, see the Supplementary Appendix, 
available with the full text of this letter at NEJM 
.org.) Reference-range parameters for opening 
pressure were determined with the use of stan-
dard descriptive statistics, whereas associations 
between age, BMI, and depth of sedation were 
determined using linear regression analysis.

We enrolled 472 subjects during the study pe-
riod, and 197 (41.7%) met the inclusion criteria for 
the reference-range population. The threshold for 
an abnormally elevated opening pressure, deter-

mined on the basis of the 90th percentile for all 
patients in the reference population, was 28 cm 
of water (Fig. 1A). The threshold for an abnor-
mally reduced pressure in the 10th percentile was 
11.5 cm of water. Subjects placed under moderate 
to deep sedation during lumbar puncture had a 
slightly higher opening pressure as compared 
with those not receiving any sedative medication 
(β = 3.459, P = 0.002) (Fig. 1B). Similar to studies 
in adults,3,4 our study showed a small yet statisti-
cally significant positive relationship between 
opening pressure and BMI (β = 0.313, P = 0.002) 
(Fig. 1C). Subject age was not associated with in-
creased opening pressure (P = 0.43) (Fig. 1D). Given 
the significant association between depth of se-
dation and BMI on opening pressure, a post-hoc 
analysis of opening pressure percentiles was cal-
culated for the 52 subjects who received minimal 
or no sedation and were not classified as obese, 
resulting in a 90th percentile of 25 cm of water.

This study systematically defined the reference 
range for CSF opening pressure and the thresh-
old value for abnormally elevated opening pres-
sure in a representative pediatric population (in 
whom evident pathology was excluded) undergo-
ing diagnostic lumbar puncture. It is our opinion 
that previous estimates of what constitutes an 
“abnormal” opening pressure, such as 20 cm of 
water,1,5 should be reconsidered, and that for most 
children an opening pressure above 28 cm of water 
should be considered elevated.
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Figure 1. Distribution of CSF Opening Pressure and Effects of Sedation, Body-Mass Index, and Age.

Panel A shows the distribution of the cerebrospinal fluid (CSF) opening pressure for 197 study subjects who met 
the inclusion criteria for the reference group. The mean (±SD) CSF opening pressure was 19.8±6.8 cm of water. The 
values ranged from 6 to 47 cm of water and were similar in subjects 10 years of age or older and those younger than 
10 years. The threshold for an abnormally elevated opening pressure, which was based on subjects with opening 
pressures in the 90th percentile or higher, was 28 cm of water. The threshold for an abnormally low opening pres-
sure, based on subjects in the 10th percentile, was 11.5 cm of water. Panel B shows the results of an unadjusted lin-
ear regression analysis of the relationship between opening pressure and sedation (β = 3.459, P = 0.005). The rela-
tionship between opening pressure and body-mass index (BMI, the weight in kilograms divided by the square of the 
height in meters) is shown in Panel C (β = 0.138, P = 0.12) and that between opening pressure and age in Panel D 
(β = 0.328, P<0.001). Statistically significant associations between opening pressure and moderate-to-deep sedation 
(β = 4.990, P = 0.002) and opening pressure and BMI (β = 0.313, P = 0.002) remained in multivariable analysis adjust-
ed for age. In a multivariable linear regression model, no significant association was found between age (β = 0.097, 
P = 0.42) and opening pressure, even when age was categorized as 10 years or more or as less than 10 years (β = 1.141, 
P = 0.30). No significant association was found between opening pressure and sedation with ketamine (β = 3.080; 
95% confidence interval, −0.551 to 6.712; P = 0.10).
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Letters to the Editor are considered for publication, subject 
to editing and abridgment, provided they do not contain 
material that has been submitted or published elsewhere. 
Please note the following:
•	 Letters	in	reference	to	a	Journal article must not exceed 175 

words (excluding references) and must be received within  
3 weeks after publication of the article.

•	 Letters	not	related	to	a	Journal article must not exceed 400 
words. 

•	 A	letter	can	have	no	more	than	five	references	and	one	figure	 
or table. 

•	 A	letter	can	be	signed	by	no	more	than	three	authors.
•	 Financial	associations	or	other	possible	conflicts	of	interest	

must be disclosed. Disclosures will be published with the 
letters. (For authors of Journal articles who are responding 
to letters, we will only publish new relevant relationships 
that have developed since publication of the article.)

•	 Include	your	full	mailing	address,	 telephone	number,	 fax	
number, and e-mail address with your letter.

•	 All	letters	must	be	submitted	at	authors.NEJM.org.
Letters that do not adhere to these instructions will not be 

considered. We will notify you when we have made a decision 
about possible publication. Letters regarding a recent Journal 
article may be shared with the authors of that article. We are 
unable to provide prepublication proofs. Submission of a 
letter constitutes permission for the Massachusetts Medical 
Society, its licensees, and its assignees to use it in the Journal’s 
various print and electronic publications and in collections, 
revisions, and any other form or medium.

corrections

Acupuncture for Chronic Low Back Pain (July 29, 2010;363:454-
61). The middle initial of the second author (page 454) was 
incorrect as published; the correct name is Helene M. Lan-
gevin. The article has been corrected at NEJM.org.

A Randomized Trial of Treatment for Acute Anterior Cruciate 
Ligament Tears (July 22, 2010;363:331-42). In Figure 1 (page 335), 
the last line in the box just below “69 Were assigned to undergo 
rehabilitation and early ACL reconstruction” should have read, “1 
Had intact ACL,” rather than “2 Had intact ACL.” We regret the 
error. The article has been corrected at NEJM.org.

Early-Stage Hodgkin’s Lymphoma (August 12, 2010;363:653-
62). In the print edition of the Journal, there were a number of 
instances of “therapy” that should have been “radiotherapy.” 
We regret the error. The article was corrected before publica-
tion at NEJM.org; subscribers to the print edition of the Journal 
will receive a corrected reprint.

notices

Notices submitted for publication should contain a mailing 
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices re-
ceived. Notices also appear on the Journal’s Web site (NEJM 
.org/medical-conference). The listings can be viewed in their 
entirety or filtered by specialty, location, or month.

CAll foR AppliCATions
The American Philosophical Society is accepting applica-

tions for its “Daland Fellowships in Clinical Investigation,” 
which support research in the several branches of clinical med-
icine, including internal medicine, neurology, pediatrics, psy-
chiatry, and surgery.

Contact Linda Musumeci, Daland Fellowships in Clinical 
Investigation, American Philosophical Society, 104 S. Fifth St., 
Philadelphia, PA 19106-3386; or call (215) 440-3429; or e-mail 
lmusumeci@amphilsoc.org; or see http://www.amphilsoc.org/
grants/daland.

MAYo CliniC sCoTTsdAlE
The following courses will be offered in Sedona, AZ: “Mayo 

Clinic 13th Annual Internal Medicine Update: Sedona 2010” 
(Oct. 7–10 or Oct. 21–24) and “7th Annual Women’s Health 
Update” (March 10–12).

Contact Mayo Clinic Scottsdale, 13400 E. Shea Blvd., Scotts-
dale, AZ 85259; or call (480) 301-4580.

CAll foR AppliCATions
The American Society of Tropical Medicine and Hygiene is 

accepting applications for its “Postdoctoral Fellowships in 
Tropical Infectious Diseases,” which provide support for indi-
viduals to conduct research in tropical infectious diseases or 
other clinical conditions unique to tropical medicine. Deadline 
for submission is Sept. 1.

Contact the American Society of Tropical Medicine and Hy-
giene, 111 Deer Lake Rd., Suite 100, Deerfield, IL 60015; or call 
(847) 480-9592; or fax (847) 480-9282; or e-mail info@astmh 
.org; or see http://www.astmh.org.

39Th AnnuAl MEETing of ThE AMERiCAn CollEgE 
of CliniCAl phARMACologY

The meeting will be held in Baltimore, Sept. 12–14.
Contact Mina Behari or Krista Levy, American College of 

Clinical Pharmacology, 3 Ellinwood Court, New Hartford, NY 
13413-1105; or call (315) 768-6117; or fax (315) 768-6119; or 
e-mail mina@accp1.org; or see http://www.accp1.org.

hARvARd lung ConfEREnCE
The conference will be held in Boston, Oct. 6 and 7, in con-

junction with the “CIMIT Inhalation Technology Workshop” 
on Oct. 8.

Contact Tia Radha Dastidar, Strategic Results, 3225 Eller-
slie Ave., Suite 303E, Baltimore, MD 21218; or call (443) 451-
7252; or e-mail tiaradha@strategicresults.com; or see http://
www.harvardlungconference.org.

opTiMizing MEChAniCAl vEnTilATion 2010:  
A hAnds-on pRACTiCAl EMphAsis

The conference will be held in St. Paul, MN, Oct. 8–10.
Contact Sharon Kopp-Huth, HealthPartners Institute for 

Medical Education, Center for Continuing Professional Devel-
opment, P.O. Box 1309, MC21101B, Minneapolis, MN 55440-
1309; or call (952) 883-6224; or e-mail sharon.a.kopphuth@
healthpartners.com; or see http://MechanicalVentilation 
ConferenceMN.com.
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