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Abstract

Objective: Infection is a common complication of cerebrospinal fluid (CSF) shunts, occurring in
6 to 20 percent of children. Although studies are limited, Staphylococcus aureus is thought to
cause more rapid and aggressive infection than coagulase-negative Staphylococcus (CONS) or
gram-negative organisms. Our objective was to evaluate the relationship between the causative
organisms of CSF shunt infection and the timing of infection.

Methods: We performed a retrospective cohort study of children who underwent CSF shunt
placement at a tertiary care children’s hospital over a nine year period and subsequently developed
CSF shunt infection. The primary predictor variable was the causative organism recovered from
CSF culture, characterized as S. aureus, CONS, or gram-negative organisms. The primary
outcome was time to infection, defined as the number of days from most recent shunt intervention
to diagnosis of infection. The association between causative organism and time to infection was
visualized via Kaplan Meier curves, with statistical comparison via nonparametric Kruskall-Wallis
test.

Results: Among 103 children who developed CSF shunt infection, the causative organism was
CONS in 57 (55%), S. aureus in 19 (18%), and gram-negative organisms in 9 (9%). Median time
to infection did not differ (p=0.81) for infections caused by CONS [20 days, interquartile range
(IQR) 11-40], S. aureus (26 days, IQR 12-95), and gram-negative organisms (23 days, IQR 17—
34).
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Conclusions: No significant difference in time to infection based on the causative organism was
observed among children with CSF shunt infection.
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Introduction:

Cerebrospinal fluid (CSF) shunts are critical to the surgical management of hydrocephalus.
(12) However, complications are common, with CSF shunt infection occurring in 6 to 20
percent of patients with shunts.(3 4. 11, 20-22) Despite this high rate of infection, there is
limited study of the presentation of shunt infections.

CSF shunt infections are caused by a variety of pathogens, including coagulase negative
Staphylococcus (CONS), Staphylococcus aureus, gram-negative organisms, and anaerobes.
(2,15 Among these pathogens, anaerobes and gram-negative organisms are generally
thought to cause a more benign and indolent infection, while gram-positive organisms have
the potential to cause more aggressive and rapid infections.(?4 28) Among the gram-positive
organisms, S. aureus is thought to cause infection of more rapid onset than those caused by
CONS. (6 17) However, despite these commonly held beliefs, studies investigating the
association between causative organism and time to infection are limited.

The objective of this study is to evaluate the relationship between the causative organism of
CSF shunt infections and the timing of infection. We also evaluate the relationship between
the causative organism and clinical features of the infection. Better understanding of these
relationships will lead to improved understanding of the etiology and presentation of CSF
shunt infections.

Materials and Methods:

Study Design and Setting

As previously described, (22 23) we conducted a retrospective cohort study among children
who received care at Primary Children’s Hospital (PCH), a 252-bed tertiary care children’s
hospital serving Utah, Idaho, Wyoming, Nevada, and Montana. The hospital is owned and
operated by Intermountain Healthcare, a regional, not-for-profit integrated health care
system. PCH has more than 11,000 admissions per year and performs over 95 percent of the
pediatric CSF shunt placements in the Intermountain Healthcare System. Institutional review
board approval was obtained at the University of Utah and Seattle Children’s Hospital.

The study population included children under 18 years of age who underwent initial CSF
shunt placement with a discharge date between 1/1/1997 and 10/12/2006 at PCH who
subsequently developed CSF shunt infection, 22 23) defined as the microbiological
determination of bacteria in a culture of CSF. Data from each neurosurgical admission for
each cohort member up until the time of CSF shunt infection were collected using
Intermountain Healthcare’s database and chart review. The median duration of follow-up
from the most recent surgery was 709 days [interquartile range (IQR) 104—1753 days].(22)
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The primary outcome of this study was time to infection. Time to infection was defined as
the number of days from the most recent CSF shunt intervention, either initial CSF shunt
placement or CSF shunt revision, to the onset of infection, defined as the date on which the
first positive CSF culture was collected. Secondary outcomes were clinical and diagnostic
features of CSF shunt infection suggested by the 2017 Infectious Diseases Society of
America clinical practice guidelines for healthcare-associated ventriculitis and meningitis,
including fever, lethargy, headache, nausea, vomiting, abdominal pain, surgical site changes,
neurologic changes, and leukocytosis.(28) Surgical site change was defined as documented
redness or swelling at the surgical site, leakage of CSF or visible hardware. Neurologic
change was defined as documented changes in seizure activity, gait, or visual disturbance,
cranial nerve palsy, hemiparesis, or altered level of consciousness. Leukocytosis was defined
as white blood cell (WBC) count greater than 15,000 per microliter of blood. Other clinical
features we considered as secondary outcomes included demonstration of organisms in CSF
Gram stain, leukopenia, pleocytosis, imaging changes, and the intermittent negative cultures.
Leukopenia was defined as WBC count less than 5,000 per microliter of blood. CSF
pleocytosis was defined as CSF WBC greater than 15 per cubic millimeter for children up to
28 days, greater than 9 per cubic millimeter for children 29 to 90 days, and greater than 6
per cubic millimeter for children greater than 90 days.(3: 25 Imaging changes was defined
as a documented change on head computed topography, head magnetic resonance imaging,
or shunt series. Intermittent negative culture was defined as documented clearing of the
bacteria from culture of the CSF, followed by return of the same organism from culture of
the CSF over the course of treatment.

The primary predictor variable was the causative organism recovered from CSF culture,
characterized as S. aureus, CONS, or gram-negative organisms. Subsequent analysis did not
focus on other organisms due to the limited number of cases. Covariates of interest included
patient risk factors such as demographics (gender, race/ethnicity, insurance); risk factors at
the time of initial CSF shunt placement (chronological age, indication for CSF shunt
placement, weight at surgery, and complex chronic condition(s) (CCCs));(?®) and number of
prior shunt revisions.

Data Analysis

Patient characteristics and clinical features of infection were summarized descriptively
overall and by causative organism of infection. Binary and categorical variables were
described using frequencies and percents, and the continuous variable time to infection was
described using medians and interquartile ranges (IQR). Categorical variables were
compared using the Fisher’s exact test. Kaplan Meier survival curves were generated for
each causative organism. Times to infection associated with each causative organism were
compared using the Kruskal-Wallis test. Statistical significance was defined a priori as a p-
value < 0.05. Data were analyzed using Stata version 12 (Stata Corporation, College Station,
TX).
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Of 103 children who underwent shunt placement within the study period and subsequently
developed CSF shunt infection, the causative organism was CONS in 57 (55%), S. aureus in
19 (18%), gram-negative organisms in 9 (9%), and other organisms in 18 (17%). (Figure 1)
Other organisms excluded from subsequent analysis due to heterogeneity and limited
number of cases included other gram-positive organisms in 9 (9%), Candida in 2 (2%), and
polymicrobial infection in 7 (7%).

Characteristics of the overall cohort and patients with infection caused by CONS, S. aureus,
and gram-negative organisms are shown in Table 1. The median age at initial shunt
placement was 9 weeks (IQR, 1-29 weeks). The median age at CSF shunt infection was 22
weeks (IQR, 6-101 weeks). There was no significant difference in age at initial shunt
placement, gender, ethnicity, insurance, indication for shunt placement, presence of complex
chronic conditions, distal shunt location, number of shunt revisions prior to first CSF shunt
infection, or age at CSF shunt infection in relation to the causative organism of infection.

Kaplan Meier survival curves for time to infection are shown in Figure 2. Median time to
infection for the total cohort was 20 days (IQR, 11-38 days). Median time to CSF shunt
infection was not significantly different (p=0.81) among infections caused by CONS
(median 20 days, IQR 11-40), S. aureus (median 26 days, IQR 12-95), and gram-negative
organisms (median 23 days, IQR 17-34). Two infections caused by CONS and one caused
by S. aureus had time to infection greater than 180 days and are not depicted in Figure 2.
Three other infection occurring beyond 180 days were caused by Streptococcus gordonii,
Streptococcus viridans, and Beta-hemolytic Streptococcus. The heterogeneous group of
infections excluded from the Kaplan Meier curves and Kruskal-Wallis analysis had a median
time to infection of 17 days (IQR 8-67).

Clinical features of infection by causative organism are shown in Table 2. Children with
infection caused by S. aureus were more likely to present with surgical site changes (p=0.04)
and leukocytosis (p=0.03) at the time of diagnosis than children with infection caused by
CONS or gram-negative organisms. Children with infection caused by CONS were less
likely to present with leukopenia (p=0.03).

Discussion:

This comprehensive retrospective cohort study of children with first CSF shunt infection
examined the relationship of the causative organism of CSF shunt infection with time to
infection and clinical features of infection. We found no significant difference in time to
infection between CONS, S. aureus, and gram-negative organisms. Children with shunt
infection caused by S. aureus were more likely to have surgical site changes and
leukocytosis at the time of presentation.

Numerous review articles addressing CSF shunt infections have noted that CONS, gram-
negative organisms, and anaerobes are associated with more indolent infection than S.
aureus.1: 7-14.17) However, the presence of primary literature supporting these assertions is
limited. In a small study of 12 shunt infections occurring beyond 180 days from shunt
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placement, the most commonly identified organisms were Staphylococcus epidermidis and
Propionibacterium acnes.(18) Arnell, et al. also suggested that infection caused by £ acnes
was more delayed than infection caused by other organisms, though this result did not reach
statistical significance.(@ In a study of 59 CSF shunt infections in children, Odio et al
suggested that infection was “often more acute in staphylococcal disease than in gram-
negative infection,” but this result also did not reach statistical significance.() This current
study, the largest cohort of children to date to evaluate the relationship of causative organism
of CSF shunt infection and time to infection, suggest that there is no difference in time to
infection between CONS, S. aureus, and gram-negatives. Previous authors have suggested
that delayed onset of infection caused by gram-negative organisms may be due to
inoculation with gram-negative organisms after the time of initial surgery as compared with
gram-positive organisms which are introduced at the time of surgery; however, the results of
this current study suggests that this may not be the case.(14)

Previous articles have suggested that infections caused by CONS are generally more benign
than infection caused by S. aureus, while the discussion regarding the morbidity of gram-
negative organisms is more conflicting.(X: 7- 14) Early studies of CSF shunt infection had
suggested that gram-negative infection was associated with significant morbidity and a
mortality rate as high as 80%.(®. 16.19) By contrast, a more recent analysis of CSF shunt
infections caused by gram-negative organisms suggested that gram-negative organisms are
not associated with excessive morbidity and mortality when treated appropriately.(?4) The
authors attributed the improved outcomes of this cohort when compared with previous
literature to decreased prevalence of ventriculoatrial shunts, changing microbiology,
increased removal of infected shunts, and decreased use of intraventricular antibiotics.
Among children in our cohort, those with infection caused by S. aureus were more likely to
present with surgical site changes and leukocytosis; however, no other significant differences
were noted in the clinical features of infection based on the causative organism of infection.

This study had several limitations. First, data regarding clinical features of infection and
neurological outcomes was collected retrospectively limiting the availability of clinical signs
and symptoms to that which was documented in the medical record. Second, the single
center design may limit the generalizability of these findings. Third, the limited number of
infections may limit our ability to find differences, in both time to infection and clinical
features of infection. Assuming an underlying log-normal distribution, typical time to event
data, and the observed group sizes (57, 19, 9), we anticipate that this study was adequately
powered to detect an effect size 1 (pairwise power >90%, >75%, >65%, respectively).®: 9)
Fourth, CSF cultures, most often via pre-operative shunt tap, were obtained at the discretion
of the neurosurgeon. If an earlier CSF shunt revision had occurred and intraoperative CSF
cultures were not obtained, the earlier revision may have represented an occult infection;
however, multiple CSF shunt revisions were observed in a minority (15%) of the cohort.
Additionally, culturing practices likely limited the ability to identify certain organisms,
particularly anaerobic organisms, as this cohort included no identified 2 acnesinfections. As
described above, prior studies have suggested that P acnes shunt infections may be
associated with delayed presentation. Unfortunately, the absence of P acnes infection in this
cohort limits our ability to evaluate the time to infection by this causative organism. Use of
specific culture media and prolonged monitoring of cultures may increase the identification
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of anaerobic organisms,? 27) and the 2017 Infectious Diseases Society of America clinical
practice guidelines for healthcare-associated ventriculitis and meningitis recommend that
cultures be monitored for 10 days to increase the identification of organisms such as 2
acnes.(25) We are hopeful that these revised guidelines will lead to greater identification of 2
acnes infections and better understanding of their epidemiology. Fifth, while detection bias
in time to infection is possible given the retrospective design, we do not believe it was
substantial given our prolonged duration of follow-up. Finally, the cohort is comprised of
children with CSF shunt placement occurring between 1997 and 2006; while unlikely to
impact the timing or clinical features of infection by causative organism, it is plausible that
there has been changes in the microbiology of CSF shunt infections since the time of data
collection that may further limit the generalizability of these results. Of note, antibiotic
impregnated catheters were not part of hospital practice at this institution during the time of
this study except for a 9 month period;(10) their use may have an impact on the
epidemiology of shunt infection and is area of active ongoing investigation. Despite these
limitations, this study has the strength of a comprehensive cohort of children with rich
demographic and clinical information about first CSF shunt infection.

Conclusions:

Funding:

Contrary to the hypothesized relationship between causative organism and time to infection,
this study revealed no significant difference in time to infection between CONS, S. aureus,
and gram-negative organisms. Children with infection caused by S. aureus were more likely
to present with surgical site changes and leukocytosis than children with infection caused by
other organisms.
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Kaplan-Meier survival estimates

P=0.81
: | E—
I I I I |
0 45 90 135 180
Time to Infection (Days)
— S. aureus — CONS Gram-negatives
Figure 2.

Time to infection by causative organism
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Table 1.

Patient factors for the overall cohort and by causative organism

Overall Cohort (n=103) CONS(n=57) S aureus(n=19) Gram-negative organisms (n=9)

Age at initial placement, n (%)

0-30 days 39 (38) 20 (35) 6 (32) 5 (56)
1-6 month 39 (38) 26 (46) 6 (32) 1(11)
7-48 months 13 (13) 6 (11) 2 (11) 2(22)
> 48 months 12 (11) 5 (9) 5 (26) 1(11)
Age at most recent surgery, n (%)
0-30 days 28 (27) 13 (23) 5 (26) 4 (44)
1-6 month 34 (33) 21 (37) 5 (26) 1(11)
7-48 months 19 (18) 13 (23) 2(11) 3(33)
> 48 months 22 (21) 10 (18) 7(37) 1(11)
Gender (male), n (%) 64 (62) 36 (63) 13 (68) 5 (56)
Ethnicity, n (%)
Caucasian 82 (80) 47 (82) 17 (89) 4 (44)
Hispanic 9(9) 4(7) 1(5) 2(22)
Other 12 (12) 6 (11) 1(5) 3(33)
Insurance, n (%)
Private 62 (60) 34 (60) 11 (58) 6 (67)
Medicaid 39 (38) 22 (39) 8 (42) 2(22)
Self pay 2(2) 1(2) 0 (0) 1(11)
Indication for shunt placement, n (%)
Post-1VH due to prematurity 22 (21) 14 (25) 4(21) 0 (0)
Aqueductal stenosis 16 (16) 11 (19) 3(16) 1(11)
Cyst (posterior fossa, intracranial) 15 (15) 6 (11) 4(21) 3(33)
Congenital 13 (13) 7(12) 3(16) 0 (0)
Myelomeningocele 12 (12) 6 (11) 0 (0) 2(22)
Tumor 7(7) 4(7) 1(5) 1(11)
Spontaneous ICH/IVH/SAH 5(5) 3(5) 2(11) 0 (0)
Post-infectious 5(5) 3(5) 0 (0) 1(11)
Post-head injury 5(5) 3(5) 0 (0) 0 (0)
Other 3(3) 0(0) 2 (11) 1(11)
Complex chronic conditions, n (%)
None (except hydrocephalus) 85 (83) 47 (82) 14 (74) 9 (100)
One 10 (10) 4(7) 3(16) 0(0)
Two or more 8 (8) 6 (11) 2(11) 0 (0)
Distant shunt locations, n (%)
Peritoneal 97 (94) 53 (93) 19 (100) 9 (100)
Atrial 6 (6) 4(7) 0(0) 0(0)

Revisions before first infection, n (%)
Zero 60 (58) 35 (61) 11 (58) 4 (44)
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Overall Cohort (n=103) CONS(n=57) S aureus(n=19) Gram-negative organisms (n=9)
One 28 (27) 14 (25) 4(21) 0(0)
Two 15 (15) 8 (14) 4 (21) 5 (56)
Age at CSF shunt infection, n (%)

0-30 days 13 (13) 8 (14) 1(5) 1(11)
1-6 months 43 (42) 22 (39) 8 (42) 4 (44)
7-48 months 30 (29) 21 (37) 4(21) 3(33)
> 48 months 17 (17) 6 (11) 6 (32) 1(11)

*p<0.05

CONS coagulase-negative Staphylococcus, CSF cerebrospinal fluid, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, SAH

subarachnoid hemorrhage
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Table 2.

Clinical features of infection for the overall cohort and by causative organism
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Overall Cohort (n=103) CONS(n=57) S aureus(n=19) Gram-negative organisms (n=9)

Fever, n (%) 83 (81) 44 (77) 16 (84) 8 (89)
Lethargy, n (%) 28 (27) 10 (18) 7(37) 3(33)
Headache, n (%) 10 (10) 3(5) 3(16) 1(11)
Nausea or vomiting, n (%) 57 (55) 30 (53) 7(37) 6 (67)
Abdominal pain, n (%) 31 (30) 15 (26) 7(37) 3(33)
Surgical site changes, n (%) * 60 (58) 27 (47) 15 (79) 6 (67)

CSF leak 24 (23) 14 (25) 7(37) 3(33)
Neurologic changes, n (%) 25 (24) 14 (25) 6(32) 2(22)
Leukocytosis, n (%) * 49 (48) 29 (51) 12 (63) 1(1D)
Leukopenia, n (%) * 6 (6) 12 2(11) 2(22)
Positive CSF gram stain, n (%) 51 (62) 32 (67) 6 (50) 6 (67)
CSF pleocytosis, n (%) 98 (95) 56 (98) 17 (89) 9 (100)
Imaging changes, n (%) 20 (27) 13 (30) 1(11) 3(43)
Intermittent negative culture, n (%) 13 (13) 6 (11) 4(21) 1(11)

"0<0.05.

CONS coagulase-negative Staphylococcus, CSF cerebrospinal fluid
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