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Abstract
Background and Objectives
Spontaneous intracranial hypotension (SIH) caused by a spinal CSF leak is a multisymptom
syndrome, which can dramatically affect physical and mental health. However, systematic data
on health-related quality of life (HRQoL) and mental health are scarce. We hypothesized that
surgical treatment leads to significant and sustained improvements in HRQoL and mental
health in patients with SIH.

Methods
In this single-center cohort study, we prospectively collected HRQoL and mental health data in
patients undergoing surgical closure of a spinal CSF leak from September 2020 to November
2022. EuroQoL (EQ-5D-5L), including the health state index (EQ-Index) and the visual analog
scale (EQ-VAS), measured HRQoL. The 21-item version of the Depression Anxiety Stress
Scales (DASS-21) measured symptoms of mental health. Follow-ups were performed 3 and 6
months postoperatively. Primary outcome was the change in EQ-Index, EQ-VAS, andDASS-21
subscales. Secondary outcome was the impact of baseline depression symptoms on HRQoL
outcomes following surgery.

Results
Seventy-four patients were included. EQ-VAS improved from 40 (interquartile range [IQR]
30–60) preoperatively to 70 (IQR 55–85) at 3 months and to 72 (IQR 60–88) at 6 months
postoperatively (p < 0.001, respectively). EQ-Index increased from 0.683 (IQR 0.374–0.799)
to 0.877 (0.740–0.943) at 3 months and to 0.907 (0.780–0.956) at 6 months postoperatively (p
< 0.001, respectively). Depression, anxiety, and stress significantly improved after surgery.
Preoperative depressive symptoms did not affect the HRQoL outcome.

Discussion
The severe impact of a spinal CSF leak on HRQoL and mental health significantly improved
after closure of the leak. Higher levels of depressive symptoms do not predict worse outcomes
and should not discourage invasive treatment. Further systematic evaluation of outcomes, with
special regard to quality of life, is needed, as it allows a comparison of symptom burden between
SIH and more familiar diseases as well as a comparison of different treatment modalities in
future studies.
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Introduction
Spontaneous intracranial hypotension (SIH) caused by a
spinal CSF leak has an estimated incidence of approximately
4/100.000 per year with women more often affected.1,2 Be-
sides the predominant clinical feature of orthostatic head-
ache, a broad range of symptoms, including nausea, tinnitus,
dizziness, visual symptoms, fatigue, and neck pain, are rec-
ognized as important manifestations of the syndrome.3,4

These symptoms profoundly affect patients’ health-related
quality of life (HRQoL). Many patients endure prolonged
disease histories due to misdiagnosis and/or inadequate
treatment leading to mental health issues and emotional
challenges. However, mental health symptoms have not
generally been investigated in patients with SIH. One recent
patient cohort report with confirmed and suspected CSF
leak suggested significant symptoms of depression and sui-
cidality among patients with SIH.5 A better understanding of
the mental health symptoms in SIH is necessary. By contrast,
the diversity of physical andmental symptoms highlights that
in SIH, metrics of suffering, impaired health, and the re-
sponse to treatment must extend beyond headaches.

In cases of a proven spinal leak and failure of conservative
management, often including epidural blood patching, micro-
surgical sealing of the leak is a safe and effective treatment.
However, the existing literature primarily focuses on the suc-
cessful closure of the leak6,7 or the improvement of headaches.8,9

Health-related quality of life (HRQoL) metrics have been
previously used in a wide range of illnesses to capture the
integrated impact of psychological and physical symptoms
but have not been extensively reported in SIH. Importantly,
HRQoL can also be compared between diverse diseases, e.g.,
SIH and multiple sclerosis or cancer, allowing policymakers
to compare the needs of different patient populations and
make informed decisions in allocating limited resources.

Furthermore, as treatments for SIH continue to evolve and im-
prove, validated HRQoL outcomes following different treat-
ments should shape treatment recommendations regarding
choice of first-line therapy. This is particularly true in SIH where
direct comparative trials comparing surgery with epidural
patching orCSF venousfistula embolization are currently lacking
and may be challenging to complete due to logistic barriers.

While epidural patching continues to be advocated as first-
line treatment for SIH, surgery is increasingly a first-line al-
ternative. Improvements in neuroimaging of SIH, including
dynamic CTmyelography, Digital SubtractionMyelography,
and cone beam–assisted myelography, have resulted in rapid
advances in the ability to identify the exact spinal location of
CSF leak for many patients.10,11 These techniques have not
only enhanced surgical efficacy by accurately locating the site
of CSF leak but have simultaneously reduced morbidity by
enabling minimally invasive surgical techniques.6 The out-
comes of this approach have not been characterized with

patient-oriented validated metrics, of which improvements
in mental health and HRQoL are particularly important.

Owing to the presence ofmultiple symptoms and the potentially
prolonged history of suffering before accurate diagnosis and
treatment, emotional distress is often observed in SIH patients.
Accentuated by individual and especially challenging cases, the
clinical setting often leads to the impression of an increased
prevalence of emotional challenges within the SIH population.
In cases of high emotional distress, a subtle and ultimately un-
founded premonition might exist that these patients might
benefit less from surgery. However, there is no systematic
evaluationof the effect of emotional distress on surgical outcome
in SIHpatients. In contrast to degenerative spinal surgery, where
depressive symptoms are often considered a negative factor for
the outcome,12 no data exist about the influence of emotional
factors on outcome after surgery in SIH patients.

We hypothesized that surgical repair of CSF leaks leads to a
significant and sustained improvement in HRQoL. By
reporting outcomes of validated metrics of HRQoL, we es-
tablish a benchmark against which alternative treatments can
be assessed in future research. Finally, we evaluated the re-
sponse of mental health symptoms (depression, anxiety, and
stress) and their potentially adverse influence on the out-
come after surgical treatment of the underlying CSF leak.

Methods
This cohort study from a tertiary referral center was conducted
using prospectively collected PROMs in SIH patients who un-
derwent surgical closure of a spinal CSF leak between Sep-
tember 2020 and November 2022. The study population
consistedof patientswhomet the ICDH-3 criteria for SIH13 and
were linguistically and intellectually capable of completing the
questionnaires were included. After the diagnostic work-up with
confirmation of the type and location of the spinal CSF leak
through dynamic myelography and/or dynamic CT myelog-
raphy, patients completed the questionnaires preoperatively
and postoperatively at 3 and 6 months, respectively. In case of a
revision surgery, the 3-month and 6-month follow-up date was
set according to the second surgery date. A digital PROM
software (HeartbeatMedical, Berlin, Germany)with automated
follow-up was used. Patients were contacted once in case of an
incomplete follow-up; if they were still lost to follow-up, their
data were censored at 3months. Patient characteristics (age, sex,
duration of symptoms), Bern SIH-Score,14 type of spinal CSF
leak,15,16 and data concerning the perioperative course were
analyzed retrospectively after prospective collection.

Standard Protocol Approvals, Registrations,
and Patient Consents
The local Ethics Committee approved the study (22-1512-
S1-retro). All patients provided informed consent to evaluate
and publish their PROM data. The study followed the
STROBE statement and guidelines.17
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Questionnaires
EQ-5D-5L
The EuroQol five-dimension five-level questionnaire (EQ-
5D-5L) score assesses the quality of life regardless of the
underlying disease.18,19 It captures 5 dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. Respondents provide their level of impairment
on a 5-point scale, which is then converted into a summary
index score between 1 and <0 (EQ-5D-5L-Index, EQ-
Index) representing the patient’s overall health status. An
EQ-Index value of 1 signifies a full and unimpaired
health.20,21 The EQ-5D-5L includes a visual analog scale
(EQ-VAS) that queries the current condition between the
best imaginable health (100 points) and the worst imag-
inable health (0 points).

DASS-21
The 21-item version of the Depression Anxiety Stress Scales
(DASS-21) assesses the 3 negative emotional states de-
pression, anxiety, and stress.22,23 Every subscale is summed
up to total scores ranging from 0–42, with higher scores
indicating more symptoms. Specific cut-off values are used to
classify the severity levels (normal—mild—moderate—
severe—extremely severe) relative to the general pop-
ulation. In the depression subscale, scores <14 are catego-
rized as “normal” and “mild.”However, it is essential to note
that although “mild” indicates a level above the population

mean, it does not necessarily imply a mild degree of de-
pression, and it is still below a clinically manifest depression
needing treatment. Therefore, scores <14 (“normal” and
“mild”) are considered to be clinically acceptable conditions
without intrinsic pathologic value and need for specific
therapy.24,25

Statistics
Data analysis was performed using IBM SPSS Statistics
(version 29) and Jamovi (version 2.3.21). As Shapiro-Wilk
testing ruled out normal distribution for EQ-5D-5L and
DASS-21 results on most follow-up dates, the median with
interquartile range (IQR) was reported.Changes in the
PROMs at the follow-up were analyzed using the Friedman
test for nonparametric repeated measures with pairwise
Conover post hoc comparisons. For subgroup analysis,
DASS-21 depression subscores were dichotomized in favor-
able conditions (scores <14, “normal” and “mild”) and un-
favorable conditions (scores ≥14, “moderate”, “severe”, and
“extremely severe”). Correlations were rated through mul-
tiple linear regression on validation of standard premises.
p values <0.05 were considered statistically significant.

Data Availability
Additional anonymized data not published in this article will
be shared by request from any qualified investigator.

Results
Patient Demographics and Treatment
Between September 2020 and November 2022, 74 patients
(46 female, 28 male) who underwent surgical treatment for a
spinal CSF leak completed the scores preoperatively
(Table 1). The main part of patients (63/74 = 85%) lived in
Germany, and the remaining patients were distributed
among various European countries (United Kingdom 2,
Austria 2, Norway 2, Sweden 1, France 1, Italy 1, Denmark 1,
Belgium 1). Subsequently, 82% (61/74) completed the
follow-up assessment at 3 months postoperatively and 80%
(59/74) at 6 months postoperatively.

The median age was 45 years (IQR 36–53), and the median
duration of symptoms before surgery was 5 months (IQR
2–14). The median Bern SIH-score was 5 (IQR 2–8).

Before the index surgery, 39/74 patients (53%) received at
least one epidural blood patch, 2/74 had an unsuccessful
surgical intervention at an external institution, 1/74 had an
unsuccessful embolization of a CSF-venous fistula, and 32/74
(43%) had no specific treatment apart from conservative
measures. Among the cohort, 55/74 patients (74%) had a
ventral leak, 16/74 (22%) had a lateral leak, and 3/74 (4%)
had a CSF-venous fistula.

During the treatment in our institution, no patient received a
psychiatric or psychotherapeutic intervention or a new

Table 1 Patient Characteristics

n = 74 %

Female/male 46/28 62/38

Age in years

Median (IQR) 45 (36–53)

Range 24–77

Duration of symptoms in months

Median (IQR) 5 (2–14)

Range 0.5–157

Specific treatment before index surgery

None 32 43

Epidural blood patch 39 53

Unsuccessful surgery (externally) 2 3

Embolization of CSF-venous fistula 1 1

Bern SIH-Score

Median (IQR) 5 (2–8)

Type of spinal CSF leak

Ventral leak 55 74

Lateral leak 16 22

CSF-Venous fistula 3 4
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psychopharmacologic treatment. No changes to preexisting
psychiatric medications were made.

All surgeries were performed in prone position using a pos-
terior minimally invasive nonexpandable tubular approach.
Ventral leaks were sealed using the intradural/extradural
sandwich patching technique,6 lateral leaks were sealed by fibrin
sealant patching with or without direct suturing, and CSF-
venous fistulas were closed by direct thermocoagulation with
or without clipping of the affected nerve root. Six patients
(6/74 = 8%, 4 ventral and 2 lateral leaks) needed a second
intervention, 2 because of an epidural hematoseroma, 3 be-
cause of a persisting or reopened leak in the same level, and 1
because of targeting the wrong level. No significant permanent
neurologic deficits were observed in any of the cases.

EQ-5D-5L (EQ-Index and EQ-VAS)
Before surgery, the quality of life scores was very low but
showed significant improvement at 3 months following surgi-
cal closure of the leak (Table 2, Figure 1). The median
EQ-Index increased from 0.683 (IQR 0.374–0.799) pre-
operatively to 0.877 (0.740–0.943) at 3 months post-
operatively (p < 0.001) and further to 0.907 (0.780–0.956) at 6
months postoperatively (p < 0.001). Similarly, the median
EQ-VAS improved from 40 (IQR 30–60) preoperatively to 70
(IQR 55–85) at 3 months (p < 0.001) and further improved to
72 (IQR 60–88) at 6 months postoperatively (p < 0.001).

DASS-21
There was a significant decrease in all DASS-21 subscales
from the preoperative assessment to the 3-month and 6-
month follow-up, indicating a reduction in the burden of
depression, anxiety, and stress (Table 2, Figure 2).

Specifically, the scores for depression improved from 10
(IQR 4–18) preoperatively to 4 (IQR 0–12) at 3 months
(p < 0.001) and to 6 (IQR 1–12) at 6 months postoperatively
(p = 0.004). Anxiety scores improved from 6 (IQR 2–12)

preoperatively to 2 (IQR 0–8) at 3 months (p = 0.001) and
to 4 (IQR 0–8) at 6 months postoperatively (p < 0.02).
Similarly, stress scores improved from 14 (IQR 7–20) pre-
operatively to 6 (IQR 2–12) at 3 months (p < 0.001) and to 8
(IQR 3–14) at 6 months (p < 0.001) postoperatively.

Following the 3-month assessment, no significant further
changes were observed, and the slight increase of all sub-
scores between 3 and 6 months was not statistically signifi-
cant (p = 0.531 for depression, p = 0.292 for anxiety, and p =
0.513 for stress, respectively).

Depressive Symptom Load
Preoperatively, 42% of patients (31/74) had a depression
subscore of ≥14, indicating clinically relevant depressive
symptoms, while 16% of patients (12/74) had a score of ≥
21, indicating severe and extremely severe depressive
symptoms (Figure 3). After surgery, the proportion of pa-
tients with unfavorable depression subscores decreased to
19% at 3 months and further to 14% at 6 months (p < 0.001,
respectively). Severe and extremely severe depression sub-
scores decreased to 8% at 3 months and 2% at 6 months (p <
0.001, respectively) (Figure 3).

Preoperatively, higher depression subscores were signifi-
cantly correlated with reduced quality of life, as measured by
EQ-VAS and EQ-Index (Spearman’s Rho −0.399 (p < 0.001)
for EQ-VAS and −0.356 (p = 0.002) for EQ-Index,
respectively).

There was no correlation between an unfavorable depression
subscore (≥14) preoperatively and the EQ-VAS and EQ-
Index following surgery; thus, a higher mental health burden
did not hinder the improvement. Preoperatively, there is a
significant difference between the favorable and unfavorable
depression subgroups (p = 0.013 for EQ-VAS and p = 0.017
for EQ-Index, respectively). After 6 months, both subgroups
reached a similar level in quality of life scores without

Table 2 Results of the Patient-Reported Outcome Questionnaires

Preoperative

Postoperative

3 mo 6 mo

n 74 61 59

EQ-5D-5L

EQ-VAS 40 (30–60) 70 (55–85) 72 (60–88)

EQ-Index 0.683 (0.374–0.799) 0.877 (0.740–0.943) 0.907 (0.780–0.956)

DASS-21

Depression 10 (4–18) 4 (0–12) 6 (1–12)

Anxiety 6 (2–12) 2 (0–8) 4 (0–8)

Stress 14 (7–20) 6 (2–12) 8 (3–14)

Results are reported as median and IQR.
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significant difference (p = 0.128 for EQ-VAS and p = 0.076
for EQ-Index, respectively) (Figure 4). The extent of EQ-
VAS and EQ-Index improvement was even higher in the
subgroup with unfavorable depression subscores than fa-
vorable scores, although this difference did not reach statis-
tical significance.

Prior interventions (epidural blood patching, unsuccessful
surgery, or unsuccessful embolization of a CSF-venous fis-
tula) or the need for a second surgery had no significant
impact on the postoperative outcome of the EQ-VAS, EQ-
Index, or the DASS-21 subscales.

Discussion
This study represents the first systematic investigation and
reports a significant improvement in health-related quality of
life (HRQoL) and mental health among a large cohort of
patients suffering from SIH after surgical closure of a spinal
CSF leak. The 6-month follow-up period allowed for a reli-
able assessment, encompassing the emotional factors, as it
goes far beyond the emotionally challenging perioperative
period, which could otherwise confound the results.

Our results demonstrate a substantial and clinically relevant
improvement in health-related quality of life measured by the
EQ-5D-5L. The EQ-Index increased from 0.683 pre-
operatively to 0.877 at 3 months and further to 0.907 at 6
months postoperatively (Figure 1). Similarly, the mean EQ-
VAS increased from 40 preoperatively to 70 at 3 months and
further to 72 at 6 months postoperatively.

Previous studies in SIH patients after surgical treatment focus
on the impact of headaches using the 6-item Headache Im-
pact Test (HIT-6)8,26 that has an acceptable reliability and
validity to evaluate the treatment response in patients with
chronic or episodic headaches.27 However, with the myriad
of possible symptoms, often exceeding the classic orthostatic
headaches,3,4,28 SIH might very well be regarded as a poly-
symptomatic disease and not just as a headache disorder.
Using HRQoL as an outcome parameter allows a compari-
son between SIH and a broader range of other diseases be-
yond different headache syndromes. This may prove striking
for an unfamiliar policy maker or practitioner that conceives
of SIH as primarily “a headache”—a symptom label that does
not convey the profound impact of the symptoms in the
syndrome.

Using the extensively used, standardized, and validated
EuroQoL instrument allows the comparison of the impact of
symptoms between SIH and other more familiar diseases.
The preoperative median EQ-Index of 0.683 suggests the
impact of SIH is comparable with multiple sclerosis (EQ-
Index estimates ranging from 0.57 to 0.7829,30) or lung
cancer (EQ-Index estimates ranging from 0.57 to 0.7431,32).

In the general German population aged between 30 and 50
years, the mean value of the EQ-VAS ranges from 87 to 91.33

We found a median EQ-VAS of 40 before treatment. This
suggests a far greater impact of SIH on HRQoL than many
neoplastic diseases. Patients with breast cancer before adju-
vant chemotherapy report a EQ-VAS of 85,34 patients with
advanced renal cell carcinoma before chemotherapy an

Figure 1 Boxplots Representing the Health-RelatedQuality of Life ChangeMeasuredWith the EQ-5L-5D Preoperatively, at
3 and 6 Months Postoperatively

The EQvisual analog scale (0–100, EQ-VAS) and the EQ-Index score (<0–1, EQ-Index) both showa significant improvement after surgical closure of the leak. EQ-
5D-5L = EuroQol five-dimension five-level questionnaire; EQ-Index = summary index score for health status of the EQ-5D-5L; EQ-VAS = visual analog scale for
health status of the EQ-5D-5L.
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EQ-VAS of 75,35 and patients with head and neck cancer
before radiotherapy a EQ-VAS of 62.36

To our knowledge, only 2 previous reports, both published in
2022, have described quality of life in SIH. One report de-
scribed HRQoL using the 15D instrument among a cohort of
patients contacted 2–7 years after various treatments for SIH
(surgical and/or epidural blood patching).37 However, ow-
ing to the study’s design, the surgery’s effect on HRQoL or
the impact of untreated SIH on HRQoL could not be de-
finitively assessed.

Another report described outcomes from 42 of 132 patients
contacted in an SIH patient group who had remaining
symptoms after various treatments and an average of 2 years
following diagnosis.38 In that group, the mean EQ-VAS was
36.4. In our study, however, we measured HRQoL pro-
spectively in a consecutive cohort of verified patients with
SIH before surgery. Our finding of a median EQ-VAS of 40
preoperatively broadly agrees with and validates their cross-
sectional data. It extends their work by addressing concerns
that their data encoded responder bias—possibly capturing
data from a subset of the most affected or least treatment
responsive, patients. Stated simply, our data suggest that in
the presence of SIH and the absence of treatment, HRQoL is
devastated. This has important implications for practitioners
having to decide if a given patient with suspected SIH and
ambiguous imaging should be offered further invasive im-
aging or a trial of epidural patching. Future work should
explore if such patients have similarly diminished HRQoL to

identify the possible harm associated with a failure to reach a
diagnosis and offer treatment in the setting of SIH.

By contrast, we show the tremendous potential benefit when
a diagnosis can be firmly established, and surgical treatment is
offered at an experienced center. This is the first study to
report prospectively acquired HRQoL and mental health
outcomes in a large cohort of patients suffering from SIH
before and after a specific single therapy—surgical closure of
a spinal CSF leak. Our results demonstrate a significant and
clinically relevant improvement of health-related quality of
life measured. The mean EQ-VAS increased from 40 pre-
operatively to 70 at 3 months and further to 72 at 6 months
postoperatively. By comparison, this is 3 times larger than
the 7–12-point change in the EQ-VAS that is considered
clinically relevant and perceived as beneficial by patients with
cancer.39 Similarly, the EQ-Index increased from 0.683
preoperatively to 0.877 at 3 months and further to 0.907 at 6
months postoperatively (Figure 1). This improvement of
>0.200 clearly exceeds the 0.08 that is considered clinically
relevant in different forms of cancer39 or in multiple scle-
rosis.30 However, further studies are necessary to investigate
whether the favorable improvement in HRQoL is mainly due
to a reduction of the impact of headaches or rather due to a
combination of various factors.

In an environment in which head-to-head studies of surgery,
epidural patching, andCSF-venous embolization to treat SIH
have not yet been accomplished, the HRQoL outcome data
from a consecutive sample and the defined time points post-

Figure 2 Boxplots Representing theChangeof theDASS-21Subscales FromPreoperatively to 3 and6Months Postoperatively

All subscales (depression, anxiety, and stress) show a significant reduction in emotional distress postoperatively; the slight increase between 3 and 6months
is not statistically significant (n.s.).
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treatment reported here may form the best benchmark for
future observational studies comparing these modalities
competing for first-line status. As of this report, it is unclear if
epidural patching, a treatment more frequently offered as
first-line, can produce similar sustained improvements when
evaluated prospectively with validated HRQoL metrics. If
replicated with further research and in other centers, the
current data may support a more widespread use of surgery as
a safe and effective treatment option for spinal CSF leak.

While tinnitus, neck pain, and nausea are commonly refer-
enced as nonspecific symptoms in the syndrome of SIH,
mental health symptoms have not been listed or cited as
prevalent parts of the syndrome.3,4

As a self-reported questionnaire, the DASS-21 is a practical
and validated screening tool that is highly useful for moni-
toring symptom changes over time. Obviously, the de-
pression subscale of the DASS-21 cannot replace a thorough
psychological assessment and cannot independently di-
agnose depression. However, certain conclusions regarding
the presence of depressive symptoms, as well as changes after
an intervention, can be drawn.

We show that symptoms of depression, anxiety, and stress are
highly prevalent in patients with SIH and dramatically im-
prove following treatment. Depending on the publication,
the prevalence of depressive symptoms in Germany is be-
tween 5% and 9%.40,41 In our study population, pre-
operatively, 42% had a depression score of ≥14, indicating
clinically manifest depressive symptoms, and 16% had a

score of ≥21, indicating severe and extremely severe de-
pressive symptoms. However, 6 months after surgery, only
14% had a score ≥14 and 2% had a score ≥21 (Figure 3). This
distribution at 6 months is almost equal to the prevalence in the
average population, highlighting the positive effect of the surgery.

Although there was a slight nonsignificant deterioration in all
DASS-21 subscales between the 3-month and 6-month
follow-up, it is essential to note that there was still an overall
improvement compared with the preoperative levels
(Figure 2). The long-term trend of these changes and
whether they represent a short-term fluctuation or a con-
tinuing pattern cannot be predicted at this stage. Therefore,
we consider a regular and long-term follow-up of patients as
essential and recommend a systematic and long-term follow-
up in all dedicated centers.

The near normalization of depressive symptoms after surgery
without special psychiatric or psychotherapeutic interven-
tions might be interpreted as an indication that preoperative
symptoms are reactive, and due to SIH, rather than primary
and an independent disease. Future work should explore this
further. If replicated, we suggest that our data warrant adding
these nonspecific mental health symptoms to the legion of
other neurologic symptoms that may, mistakenly, be thought
of as primary and independent rather than be recognized
more accurately as arising directly or indirectly from a CSF
leak.

Finally, in degenerative spine surgery, the influence of pre-
operative anxiety and depression on overall postoperative

Figure 3 Bar Graphs of the Depression Subscale of the DASS-21 Preoperatively and at 3 and 6 Months Postoperatively

Scores <14 (“normal” and “mild”, green) are considered clinically acceptable conditions without intrinsic pathologic value. Scores ≥14 (“moderate”, orange,
“severe”, and “extremely severe”, red) representmanifest depressive symptoms. Preoperatively, 42% of patients had a depression score of ≥14, and 16% had
a score ≥21, indicating severe and extremely severe depressive symptoms. However, 6 months after surgery, only 14% had a score ≥14 and 2% had a
score ≥21.
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improvement and patient satisfaction was intensively in-
vestigated. Most studies suggest that preoperative anxiety or
depression is associatedwithworse surgical outcomes.42-44 In
contrast to these studies in degenerative spine disease, our
results show no correlation between the extent of pre-
operative depressive symptoms and the postoperative im-
provement in HRQoL. On the contrary, patients with higher
depression subscores showed a higher relative improvement
in their HRQoL (Figure 4) and a near normalization of their
emotional distress. Our results do not support the assump-
tion that depressive symptoms might be a negative predictor

of the possible improvement in HRQoL after operative
treatment. In cases of SIH, in which patients describe or
demonstrate pronounced depressive symptoms, our data
suggest that neither provider nor patient should be dissuaded
from aggressively addressing a fixable cause of a CSF leak.
HRQoL outcomes remain positive, and mental health out-
comes are dramatically improved following surgery among
patients with elevated levels of depressive symptoms pre-
operatively. These somewhat unexpected findings warrant
replication before wide adoption.

This is a single-center analysis from a specialized tertiary center
with a highly selected patient cohort, so a generalization of the
results is not readily possible. A high experience in the di-
agnostic workup of spinal CSF leaks and in minimally invasive
surgery is necessary to achieve similar results. Although PROM
data were collected systematically, a small loss of follow-up is
present. However, this study is the largest series of surgically
closed CSF leaks focusing on HRQoL and emotional distress.

Spontaneous intracranial hypotension (SIH) has a devastating
effect on health-related quality of life, as measured by the EQ-
5D-5L, and is associated to elevated levels of depression, anxiety,
and stress, as measured by the DASS-21. Surgical closure of the
spinal CSF leaks results in a substantial improvement in health-
related quality of life and a significant reduction in emotional
distress after a 6-month follow-up period. Higher depression
subscores preoperatively are not a negative predictor of the
potential improvement in health-related quality of life.
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Figure 4 Line Graphs Comparing the Median Health-
Related Quality of Life (EQ-VAS and EQ-Index)
in PatientsWith a Favorable Depression Subscore
(<14, Green Line) and an Unfavorable Depression
Subscore (≥14, Red Line) at the 3-Month and
6-Month Follow-Up

The whiskers represent the IQRs. Preoperatively, there is a significant dif-
ference between the subgroups (p = 0.013 for EQ-VAS and p = 0.017 for EQ-
Index). After 6 months, both subgroups reach a similar level in quality of life
scores without significant difference (p = 0.128 for EQ-VAS and p = 0.076 for
EQ-Index). EQ-VAS and EQ-Index improvement is higher in the unfavorable
subgroup but without reaching statistical significance. Thus, the effect of the
treatment can be achieved irrespective of the extent of depressive symp-
toms before surgery. EQ-Index = summary index score for health status of
the EQ-5D-5L; EQ-VAS = visual analog scale for health status of the EQ-5D-5L
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