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Objective: The authors sought to carefully test, by using a technique of continuous CSF
sampling, the hypothesis that basal elevations in CSF corticotropin-releasing hormone
(CRH) concentrations exist in patients with posttraumatic stress disorder (PTSD). They
also sought to assess the relationship among PTSD symptoms, adrenocortical activity, and
CSF CRH levels. Method: CSF was withdrawn by means of a flexible, indwelling sub-
arachnoid catheter over a 6-hour period, and hourly CSF concentrations of CRH were de-
termined for 11 well-characterized combat veterans with PTSD and 12 matched normal
volunteers. Twenty-four-hour urinary-free cortisol excretion was also determined. PTSD
and depressive symptoms were correlated with the neuroendocrine data. Results: Mean
CSF CRH levels were significantly greater in PTSD patients than in normal subjects (55.2
[SD=16.4] versus 42.3 pg/ml [SD=15.6]). No correlation was found between CSF CRH
concentrations and PTSD symptoms. While there was no significant difference between
groups in 24-hour urinary-free cortisol excretion, the correlation between 24-hour urinary-
free cortisol excretion and PTSD symptoms was negative and significant. Conclusions:
By using a serial CSF sampling technique, the authors found high basal CSF CRH concen-
trations and normal 24-hour urinary-free cortisol excretion in combat veterans with PTSD,
a combination that appears to be unique among psychiatric conditions studied to date.

(Am J Psychiatry 1999; 156:585-588)

The development of posttraumatic stress disorder
(PTSD) is intrinsically related to the experience of
overwhelming trauma. Because corticotropin-releasing
hormone (CRH) is one of the principal central nervous
system (CNS) effectors of the organismic response to
stress, the regulation of this neurohormone in PTSD
has been of interest, and CNS CRH hypersecretion has
been hypothesized (1). Indeed, preliminary results
from a study using lumbar puncture indicate that CSF
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CRH concentrations are elevated in combat veterans
with PTSD (2). We sought to more closely examine the
hypothesis that CRH is hypersecreted into the CNS of
patients with PTSD by using a technique of serial CSF
sampling in which CSF aliquots were collected over a
6-hour period by means of an indwelling, flexible sub-
arachnoid catheter.

Use of continuous or serial CSF sampling confers
several advantages over standard lumbar puncture in
the examination of CSF CRH concentrations. First of
all, CRH appears to be both secreted into human CSF
in a pulsatile manner (3) and rapidly transported out
of the CNS (4), rendering a single time assessment of
its concentration of limited value. In addition, human
CSF CRH levels exhibit a diurnal variation in concen-
tration (5). Moreover, the procedure of lumbar punc-
ture is associated with significant anxiety in most hu-
man subjects. We have shown that this procedure is
associated with acute increases in levels of CSF CRH
(6). To control for these problems, we have used serial
CSF sampling in combat veterans with PTSD and nor-
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mal comparison subjects in order to determine basal
levels of CRH.

METHOD

Subjects

The study was approved by the Institutional Review Board of the
University of Cincinnati Medical Center and the Research Commit-
tee of the Cincinnati Veterans Affairs (VA) Medical Center. Written
informed consent was obtained from each patient and volunteer be-
fore their participation.

We studied 12 healthy men who were carefully screened through
use of the Structured Clinical Interview for DSM-III-R (SCID) and
unstructured exploratory clinical interviews to exclude those with a
current or past psychiatric disorder, current substance abuse, or a
history of these disorders in first-degree relatives. The volunteers had
a mean age of 41.4 years (SD=8.2, range=23-50) and had a mean
body mass index of 25.9 kg/m? (SD=4.1). All subjects were medica-
tion free and without health problems.

The 11 patients with PTSD, who were also administered the
SCID, had a mean age of 42.5 years (SD=9.2, range=23-49) and a
mean body mass index of 29.1 kg/m? (SD=3.6). All patients had suf-
fered severe combat-related trauma, nine in Vietnam and two in Iraq
during the Gulf war (data on file). Six of the 11 patients had histories
of alcohol and drug abuse but had been abstinent from substances of
abuse (excluding tobacco) for, respectively, 15, 10, 7, 2.5, 1.4, and
0.5 years before the study. Abstinence was documented by self-re-
port and urine toxicology screens. Six of the 11 patients with PTSD
and four of the 12 normal volunteers smoked tobacco until the
evening before the study. None of the patients was clinically de-
pressed at the time of the study, but six had histories of major de-
pression (all unipolar, with the exception of one patient with bipolar
11 disorder). Seven patients had taken psychoactive medication in the
past but had discontinued all medications at least five half-lives be-
fore the study. The patients” mean score on the Clinician-Adminis-
tered PTSD Scale (7) was 82.1 (SD=20.4).

Procedure

Continuous collection of CSF. Subjects followed a controlled
low-monoamine diet for at least 3 days before admission to the Psy-
chobiology Research Unit at the VA Medical Center, Cincinnati. A
standard 666-calorie preload meal (20% protein, 24% fat, and 56%
carbohydrate) was consumed at 8:00 p.m. the evening before the
study began. Participants fasted following the meal, with the excep-
tion of being allowed to drink water and to smoke cigarettes until
midnight. The next morning, a 20-gauge catheter was placed in the
lumbar subarachnoid space at approximately 8:00 a.m., as previ-
ously described (8, 9). At 11:00 a.m., approximately 3 hours after
the subarachnoid catheter placement, continuous CSF withdrawal
was begun into iced test tubes at a rate of 0.1 ml/minute, 25%-33%
of the normal CSF production rate (10). CSF samples were frozen on
dry ice at the bedside. Blood was drawn at intervals from a heparin
lock that had been placed in a vein in the dominant arm the previous
evening. Normal saline solution was infused (100 ml/hour) through-
out the experiment by means of a catheter that had been inserted the
night before into an antecubital vein in the nondominant arm.

Collection of 24-hour urine for determination of urinary-free
cortisol levels. Urine was collected for 24 hours beginning at 6:00
a.m. the day of the CSF withdrawal procedure. The urine was pre-
served on ice during the collection. Immediately after the 24-hour
collection was completed, the urine was transported to the Cin-
cinnati VA Medical Center Clinical Laboratory for assay of free
cortisol.

Hormone assays. All CSF samples were stored at —80°C until im-
mediately before hormone radioimmunoassay. Hourly CSF samples
were assayed for CRH in duplicate for each patient. CRH was as-
sayed by modifications of the method of Nicholson et al. (11), as
previously described (3). The intra-assay coefficient of variation for
the CRH radioimmunoassay was 7.2%, and the interassay coeffi-
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cient of variation was 11.9%. Cortisol was also quantified by radio-
immunoassay. The interassay coefficient of variation for urinary-
free cortisol levels was 21%.

Statistical Analysis

Statistics were computed on Statistica software (StatSoft, Tulsa,
Okla.). Repeated measures analysis of variance (ANOVA), paired
and unpaired t tests, and regression analyses were used, as appropri-
ate. Pearson coefficients were used in all correlation analyses; p val-
ues of <0.05 were considered to be significant.

RESULTS

By using a three-way repeated measure ANOVA (di-
agnostic group by smoking status by CRH concentra-
tions at seven time points), we found no interaction ef-
fects. There were two statistically significant main
effects. CSF CRH concentrations were significantly
higher in the patients with PTSD than in the normal
volunteers (55.2 pg/ml, SD=16.4, versus 42.3, SD=
15.6) (F=4.74, df=1, 16, p<0.04). Mean CSF CRH
concentrations were lower in nonsmokers than in
smokers (43.7 pg/ml, SD=13.0, versus 52.1, SD=19.2),
but the difference was not significant (F=-1.12, df=1,
16, p<0.31).

In addition, there was a significant CSF CRH time
main effect (figure 1), which remained significant after
the Huynh-Feldt correction was used (F=2.39, df=
5.23, 83.67, p<0.05). Three subjects, one comparison
subject and two patients, were not included in the
ANOVA because of missing time point concentrations.
Conclusions did not change when all 23 subjects were
used in a simple two-way factorial (diagnosis by smok-
ing) in which concentration responses were averaged
over time.

No significant difference in 24-hour urinary-free
cortisol excretion was evident between normal volun-
teers and patients with PTSD. Mean urinary-free corti-
sol excretion was 76.2 mg/24 hours (SD=19.7) in nor-
mal subjects and 84.4 ng/24 hours (SD=55.3) in
patients with PTSD (t=-0.40, df=17). Although the
mean 24-hour urinary-free cortisol excretion was
higher in the smokers (97.5 pg/ml, SD=57.3) than the
nonsmokers (67.4 pg/ml, SD=19.7), the difference was
not significant (t=—1.56, df=17).

No significant relationship between mean CSF CRH
concentrations and mean 24-hour urinary-free cortisol
excretion was observed (r=—0.08, df=17).

There was no significant correlation found between
mean CSF CRH concentrations and overall PTSD se-
verity, as measured by total scores on the Clinician-
Administered PTSD Scale (r=-0.04, df=10), in the
PTSD patients. Similarly, no significant correlations
were observed between CSF CRH and the intrusion (r=
—0.35, df=10), avoidance (r=—0.08, df=10), or hyper-
arousal (r=0.39, df=9) subscales of the Clinician-Ad-
ministered PTSD Scale. The correlation between CSF
CRH concentrations and depression, as measured by
the Hamilton Depression Rating Scale, was positive
but not significant (r=0.35, df=10). However, with re-
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moval of an outlier (a dysthymic patient with a Hamil-
ton depression score of 22), a significant positive cor-
relation was observed (r=0.63, df=9, p=0.05).

The correlation between 24-hour urinary-free corti-
sol excretion and PTSD symptoms, as measured by
the total score on the Clinician-Administered PTSD
Scale, was negative and significant (r=—0.72, df=9, p<
0.02). Correlations between the 24-hour excretion of
urinary-free cortisol and subscale scores on the Clini-
cian-Administered PTSD Scale were negative and sig-
nificant for the intrusion (r=—0.66, df=9, p<0.05) and
hyperarousal (r=—0.65, df=9, p<0.05) subscales and
were negative and approaching significance for the
avoidance subscale (r=—0.55, df=9, p=0.10). There
was no significant correlation between 24-hour uri-
nary-free cortisol and Hamilton depression scores (r=
—-0.10, df=9).

DISCUSSION

We obtained serial CSF samples over 6 hours and
observed higher CSF CRH concentrations in combat
veterans with PTSD than in healthy subjects. None of
our patients was depressed at the time of the study, all
had been abstinent from drugs of abuse and alcohol
for at least 6 months before the study, and six of the 11
had never abused drugs or alcohol. That CSF CRH lev-
els were elevated in our patients with a history of alco-
holism is all the more striking because we had previ-
ously noted very low CSF CRH levels in abstinent male
alcoholics (9). Thus, our finding supports the recent re-
sults of Bremner et al. (2), who obtained CSF by means
of a single morning lumbar puncture and also found el-
evated CSF CRH levels in a similar cohort of patients
with PTSD, and extends them by controlling for the
stress of needle insertion and by sampling over a pe-
riod of 6 hours.

Our past study (6) suggests that smokers have lower
CSF CRH concentrations than nonsmokers after 11—
17 hours of abstinence. The data from the present
study are generally consistent with these previous find-
ings (although few normal volunteer cigarette smokers
were included in the present cohort). It is of interest
that carbon monoxide (found in cigarette smoke) has
been shown to be a negative regulator of hypothalamic
CRH in vitro (12). Accordingly, direct comparison of
nonsmoker normal subjects with nonsmoker PTSD pa-
tients was performed. When only nonsmokers were
compared, normal subjects had CSF CRH concentra-
tions of only 42.5 pg/ml (SD=15.0), whereas the PTSD
patients had CSF CRH concentrations of 67.5 pg/ml
(SD=15.1).

CSF CRH concentrations presumably reflect the in-
tegrated effects of CRH synthesis and release, enzy-
matic degradation, and clearance into the plasma from
CSF (which is unidirectional in the case of CRH) (4).
We cannot determine the status of these respective in-
fluences on CSF CRH levels in our patients and normal
subjects from the data at hand.
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FIGURE 1. Serial CSF Concentrations of CRH in Normal Volun-
teers and Patients With PTSD?
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aBeginning after 15 hours of fasting and 3 hours after subarach-
noid catheter placement, CSF was continuously withdrawn and
aliquoted at 1-hour intervals from 11:00 a.m. to 5:00 p.m. Each
point represents the mean.

CRH in the lumbar spinal canal is largely extrahypo-
thalamic in origin, and its concentrations have not
shown significant correlations with plasma cortisol
concentrations (5, 6). Therefore, the inability in the
present study to discern a significant relationship be-
tween mean CSF CRH levels and 24-hour urinary-free
cortisol excretion was not surprising.

As a group, our PTSD patients had normal 24-hour
urinary-free cortisol excretion, a finding compatible
with the normal to low 24-hour urinary-free cortisol
levels reported in all previous studies (13-16) except
one (17). In addition, we observed a significant nega-
tive correlation between 24-hour urinary-free cortisol
excretion and PTSD symptoms, a finding consistent
with the results of most prior investigations. While
Smith et al. (1) found a positive correlation between
8:00 a.m. plasma cortisol levels and PTSD symptoms,
other studies, including those that quantified urinary-
free cortisol excretion (15), 8:00 a.m. plasma cortisol
(16, 18), or salivary cortisol (19, 20), all demonstrated
an inverse correlation between cortisol concentrations
and PTSD symptoms.

In summary, using serial CSF sampling, we found
high basal CSF CRH concentrations and normal 24-
hour urinary-free cortisol excretion in combat veterans
with PTSD, a combination of findings that appears to
be unique among psychiatric conditions studied to
date. It will prove of interest to characterize the re-
sponsivity of CSF CRH to provocative challenge (evo-
cation of symptoms) in patients with PTSD.
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