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Introduction: With rising rates of intravenous drug use, Infectious Intracranial
aneurysms (IIAs) are a relevant topic for investigation. We performed a systematic
review to better understand current practice patterns and limits of current pub-
lished literature. Method: 131 publications with a total of 499 patients (665 aneur-
ysms) were included. Of the 499 patients, 83 were single case reports, and 20.5% of
the total had multiple aneurysms. 35.8% of all aneurysms were ruptured. Of those
reporting treatment, options included conservative antibiotic therapy (30.0%), open
surgical intervention (31.1%), and endovascular occlusion (31.8%). Chronologically,
publication of IIAs has increased. Usage of endovascular therapies has grown,
while conservative and surgical management have declined in the literature. Over-
all, 56.2% of aneurysms for which conservative therapy was initiated eventually
either underwent intervention or death of patient occurred. Results: The issue of car-
diac valve surgery in relationship to aneurysm therapy was discussed in 20.8% (80
patients) of all 384 infectious endocarditis patients; of which 15.0% (12) underwent
valve surgery before aneurysm treatment and 85.0 patients (68)% underwent valve
surgery after aneurysm treatment. For 51 of the patients where valve surgery fol-
lowed aneurysm management, the corresponding aneurysm treatment modality
could be determined; 58.8% (30) of whom were managed endovascularly. 32.7%
(26) of all cases reporting cardiac surgery details underwent cardiac surgery during
their admission with the IIA. Conclusions: Overall, increasing trend of endovascular
management of IIAs is evident, and a strong temporal preference exhibited by pro-

viders to perform cardiac surgery subsequently to IIA management.
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Introduction

Intracranial infectious aneurysms (IIAs), or mycotic
aneurysms as commonly referred to, are a rare subtype of
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intracranial aneurysm. IIAs are found in 5%-12% of infec-
tive endocarditis (IE) patients with neurological manifes-
tations." Thus with the increasing rate of intravenous
drug abuse in rural communities” and incidence of admis-
sions of IE nationally,’ the complication of the mycotic
aneurysm is becoming ever more important in cerebro-
vascular disease.

The pathogenesis of IIAs in the setting of IE is thought
to occur via hematogenous spread. The cerebral vessels
are initially seeded with bacteria via septic emboli and it
is theorized the infection accesses the outer adventitial
wall via the vaso vasorum. The infection then progresses
inward toward the lumen, and destruction of vessel wall
components occur, including the internal elastic lamina.
The result is structural weakening and increased suscepti-
bility to the continuous hydrostatic blood pressure, and
thus aneurysm growth.” Because of the embolic mecha-
nism of spread, IIAs occur in multiplicity, and are more
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common in distal cerebral vessels. In contrast in a second-
ary mechanism of formation, direct extravascular inva-
sion by bacterial can occur, often in the setting of
meningitis and other parameningeal infections, resulting
in aneurysm formation at vessel locations near meningeal
layers.”

There is a lack of a consensus regarding management of
IIAs. IIAs tend to be thin-walled and friable, often with
wide necks, making them prone to rupture.5 Conservative
therapy with prolonged antibiotics is often utilized for
unruptured aneurysms. Open surgical techniques such as
aneurysm resection, parent artery trapping/occlusion
with or without bypass and clipping are all options for
ruptured ITAs and/or presence of concurrent large hema-
toma.® However, the aneurysm's friable nature and poorly
defined neck tends to make clipping a precarious and
technically challenging feat." Endovascular techniques
utilized for IIAs include direct embolization with glue
agents, parent artery occlusion and stent coiling. These
techniques may be advantageous for deeper surgically
inaccessible aneurysms and cases with multiple aneur-
ysms.

In addition to the IIA management itself, providers
must evaluate aneurysm treatment in the context of the
systemic management of the patient. There is no clear con-
sensus on balancing aneurysm treatment decisions
against surgical treatment of an infected cardiac valve.
While ruptured mycotic aneurysms often require immedi-
ate treatment, for unruptured aneurysms, questions per-
sist regarding the order of procedures. Is it better to treat
the aneurysm and then perform valve repair/replace-
ment, or vice-versa? Delaying valve surgery poses the risk
of cardiac insufficiency, however, an uncontrolled aneu-
rysm in the setting of perioperative factors of cardiac
bypass, including systemic heparinization, has its own
dangers.”

It is evident from the many clinical factors to be deliber-
ated and absence of a standardized treatment algorithm,
ITA patients may be treated with a high degree of varia-
tion spanning over time and institutions. To better under-
stand practice paradigms and limits of current published
literature, we performed a systematic review of IIA man-
agement including cardiac surgery considerations.

Methods

We performed a comprehensive literature search using
Pubmed. The terms “Infectious Intracranial Aneurysm,”
“mycotic cerebral aneurysm,” “cerebral mycotic aneu-
rysm,” and “intracranial infectious aneurysm” were
searched. We retrieved all English language publications
from January 1980 to May 2017 where patients” clinical
data could be delineated with regards to IIA characteris-
tics, treatment modality, and clinical course. Both single
patient case reports and case series were included. Publi-
cations which consisted of patients obtained from
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searching large nationwide patient databases were
excluded due to the risk of including duplicate patients
reported in other retrieved publications.” We included all
non-English publications where sufficient clinical data
was provided in an English-language abstract. Manual
search of references from retrieved publications and other
literature reviews was also performed. The study adhered
to the PRISMA guidelines.

One hundred and thirty one total publications detail-
ing 499 patients were retrieved. We quantitated aneu-
rysm number, ruptured status, mention of IE,
treatment modality utilized, conservative management
outcomes including need for further intervention, rup-
ture or death, and cardiac surgery timing relative to
aneurysm management. Placement into treatment and
outcomes categories were based on specifically the
aneurysm being considered rather than the corre-
sponding patient due to the existence of patients with
multiple aneurysms treated via different methods. All
data acquisition was performed by a single indepen-
dent investigator with preoutlined spreadsheet before
any data interpretation was performed. The principal
summary measure is percentage of the aneurysms or
patients corresponding to a treatment category of the
total cumulative aneurysms/patients retrieved and eli-
gible for each specific category. We did not conduct
bias risk assessment of each individual publication as
each study contained inherent bias due to its publica-
tion nature. Publication bias exists in the form of pref-
erential reporting of novel interventions and cases by
institutions and authors.

Results
Literature Summary

The annual quantity of case reports and case series
regarding IIAs retrieved via search of pubmed using
above mentioned search terms, as well as extensive search
of references of retrieved articles, has grown in recent
years (Fig 1). Overall 131 publications detailing 499
unique patient cases and 665 aneurysms were retrieved
between 1980 and May 2017. Table 1 represents a sum-
mary of the characteristics of IIAs reported in the litera-
ture. Of these, 35.8% were explicitly reported as ruptured
at presentation. From reported case details, it was deter-
mined whether final aneurysm management was via con-
servative, open surgical, or endovascular methods, which
amounted to 30.1%, 31.1%, and 31.7%, respectively. Of
the subjects in the 83 single patient case reports, 20.5%
had multiple aneurysms.

Management

The number of aneurysms finally managed via each of
the modalities of conservative methods, open surgical
methods, and endovascular methods was summated for
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Figure 1. Annual publications by chronology.

each year from 1980 to 2017 and it is evident there is an
increasing trend toward endovascular management (Fig 2).

Table 1. Literature summary

Year range of publication 1980-2017
Number of publications 131
Number of patients 499
Total aneurysms 665
ITAs reported as ruptured(% of 238 (35.8)
all aneurysms)
Treated conservatively (%)* 200 (30.1)
Treated by open surgical method 207 (31.1)
(% of all I1As)*
Treated by endovascular method 211 (31.7)
(% of all I1As)*
Number of single patient case 83
reports
Single patient case reports 17 (20.5)
reporting multiple aneurysms
(% of single patient case
reports)
Aneurysms initially treated con- 177 aneurysms (56.2)

servatively followed by inter-
vention or death of patient (%
of all aneurysms initially
treated conservatively)

Aneurysms ruptured during con-
servative therapy (% of all
aneurysms treated
conservatively)

Aneurysms for which patient
death occurred during conser-
vative therapy (% of all aneur-
ysms treated conservatively)

31 aneurysms (9.8)

38 aneurysms (12.1)

*Treatment of remaining IIAs was not explicitly reported.

Table 1 outlines notable conservative management out-
comes. Among aneurysms reported as initially conserva-
tively treated, 56.2% (173 aneurysms) eventually resulted
in death of the patient or underwent definitive treatment.
More specifically, 9.8% (N = 31) of aneurysms undergoing
conservative therapy ruptured during treatment, while
death of the corresponding patient occurred in 12.1% (38)
of these aneurysms. Death was most commonly due to
aneurysm rupture/hemorrhage.”'* Table 2 outlines the
details regarding cardiac surgery in relation to aneurysm
management. While valve surgery details were only dis-
cussed in 20.8 % (80 patients) of 384 IE patients, the major-
ity (84.9% [68]) underwent cardiac surgery after the
aneurysm was managed.

Table 2 outlines the details regarding cardiac surgery in
relation to aneurysm management. Valve surgery details
were only discussed in 20.8% of the 384 IE patients (80
patients), 84.9% of which underwent cardiac surgery after
the aneurysm was managed (68 patients). Of these 68
patients, the initial aneurysm treatment modality for 51 of
the patients could be determined, revealing that 58.8% (30
patients) had been treated via endovascular management.

Discussion
Conservative Therapy

The proportion of conservatively managed cases
reported in the literature has decreased in recent times.
The data regarding conservative management shows sig-
nificant rate of progression to requiring definitive aneu-
rysm intervention or death of the patient. This “failure
rate” we have obtained likely overstates the inefficacy of
conservative treatment, because there were cases in which
a decision to intervene occurred within days of beginning
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Figure 2. Aneurysm treatment modality volume by chronology.

a trial of antibiotic therapy alone. One large series demon-
strated a mean time of 37.7 days +/— 16 days until resolu-
tion.* Due to an existing risk of rupture, enlargement and
persistence, conservatively managed patients should be
closely followed with regular imaging.”'” Furthermore,
there is likely a publication bias toward intervention since
successful conservative management alone would not
likely represent a publishable topic. Our data is congruent
with other published studies. A 2015 retrospective review
of the nationwide inpatient sample infers similar negative

Table 2. Cardiac surgery detail # of patients (%)

Overall # cases due to IE etiology

Patients whom valve surgery details
were reported (% of IE patients)

Patients undergoing cardiac surgery
prior to IIA management (% of
reported cardiac cases)

Patients undergoing IIA management
prior to cardiac surgery (% of
reported cardiac cases)

Patients who underwent IIA manage-
ment prior to cardiac surgery and the
corresponding IIA management was
endovascular modality (% of all
patients who underwent ITA manage-
ment prior to cardiac surgery and cor-
responding IIA management modality
could be determined (51 patients))

Patients reported as undergoing cardiac
surgery during admission for aneu-
rysm (% of reported cardiac cases)

384 (77.0)
80 (20.8)
12 (15.0)

68 (84.9)

30 (58.8)

26 (33.0)

IE, infective endocarditis.

conclusions about conservative management.” The paper
reports a mortality of 26% for those who underwent con-
servative therapy versus 15% for patients having under-
gone intervention. Evidently, conservative therapy can be
associated with significant risks for hemorrhage and
death. However, it is also important to account for the
potential for selection bias by the treating physician when
considering mortality data of conservative management,
especially as cohorts were not randomized. It is possible
that healthier patients with greater likelihood for good
recovery were preferentially selected for aggressive inter-
vention.

Surgical Therapy

The friable walls and often wide-necked structure of
[TAs make them prone to rupture’ and contribute to the
increased difficulty of certain surgical techniques such as
clipping.” Thus, when open surgery is employed, resec-
tion of aneurysm is often undertaken with parent vessel
sacrifice."” Fittingly, like conservative management, the
rate of open surgical management of IIAs reported has
recently been decreasing. In our review of all open surgi-
cal cases in the literature, 4 of the 6 reportings of failed
surgical attempts were scenarios where the aneurysm
could not be localized upon craniotomy after being visual-
ized on preoperative angiography.'®'’Additionally, there
was 1 report of cardiac arrest during induction of anesthe-
sia,”’ 1 death from cerebellar infarction during clipping,21
and 1 death after clipping of an m2 aneurysm due to pro-
gressive bleeding from lenticulostriate arteries.”> Thus,
open surgery on IE patients with mycotic aneurysms car-
ries risks associated with both the aneurysm itself and
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with the morbidities associated with the patient popula-
tion. Therefore, careful patient selection along with use of
technology such as frameless neuronavigation is impor-
tant to optimize outcome.”

Endovascular Therapy

Endovascular techniques provide an advantage for sur-
gically inaccessible aneurysms and multiple aneurysms.
Furthermore, anesthetic time may be shorter for an endo-
vascular procedure, which can be an important consider-
ation in patients with endocarditis and cardiac valvular
insufficiency. The surge in endovascular management of
ITAs as demonstrated in our review is likely in large part
due to advancements in endovascular technology and
devices, including coils with improved maneuverability
and ability to conform to the contours of the aneurysm,
leading to quicker interventions with reduced risk for iat-
rogenic ruptures.”* Additionally, the distal locations of
most IIAs make parent vessel obliteration using modern
embolization agents a safe and reasonable treatment,
which can be completed endovascularly without cortical
dissection often needed in open surgical procedures.
Regarding proximal IIAs, the effectiveness of flow diver-
sion has been demonstrated, which can exclude the aneu-
rysm while preserving the parent vessel.”” Although
some providers may be hesitant to implant permanent
devices due to the theoretical risk of device infection in a
bacteremic patient, our literature review did not discover
any such reported cases. However, endovascular inter-
ventions are not always performed without difficulty or
other adverse events. In the literature there were 5 unsuc-
cessful attempts of endovascular therapy,”'”***” and 3
deaths following endovascular intervention; 1 due to
thromboembolic complications™ and 2 due to bleeding
within 48 hours.” These notable risks may be a reflection
of the unstable and friable nature of the cerebrovascular
system in these patients.

Cardiac Surgery

Management decisions regarding timing of cardiac in
surgery in relation to aneurysm management are compli-
cated but require careful consideration. The opposing
approaches are to perform cardiac surgery before or after
aneurysm management. In our review, we found details
regarding cardiac surgery timing were only reported in
20.8% of the cases. However, the rate of reporting may
not be greatly discrepant from the actual proportion of
IIA patients who undergo cardiac surgery. Singla's study
of the Nationwide Inpatient Sample database of 393 IIA
patients demonstrated only 72 patients (18.3%) under-
went cardiac surgery during their hospitalization.® To our
knowledge, our literature review is the first to quantitate
the rate at which one temporal sequence is preferred over
the other in regards to IIA management and cardiac sur-
gery. 15.0% of all reported underwent cardiac surgery

R. RAGULOJAN ET AL.

before aneurysm management, while 85.0% underwent
cardiac surgery after the aneurysm was controlled. The
former poses the associated neurological risks of cardiac
bypass in the presence of an uncontrolled aneurysm,
including perioperative heparinization, systemic hypoten-
sion, and potential cerebral edema. Additionally, the pos-
sible need for postoperative anticoagulation maintenance
complicates the management in cases of IIA. However,
opting to perform cardiac surgery after presents the
heightened risk of cardiac insufficiency when undergoing
general anesthesia for aneurysm surgery in patients with
poor valve function. Another issue is that a waiting period
after craniotomy for ruptured IIA is suggested before car-
diac surgery is undertaken due to the need for periopera-
tive anticoagulation during cardiac surgery.” The 85%
tendency to manage aneurysms first, as demonstrated in
our review, is likely indicative that providers often deem
an uncontrolled aneurysm in the setting of cardiac sur-
gery and high risk for intracranial hemorrhage much less
acceptable. In these cases where providers have opted for
cardiac surgery after aneurysm management, the pre-
ferred method of intervention appears to be endovascular.
In our review of 51 patients who had cardiac surgery sec-
ond and the initial method of aneurysm intervention
could be determined, 58.8% (30 patients) underwent
endovascular management. The relatively increased
appearance of the endovascular-cardiac surgery combina-
tion may be due to the advantage that cardiac surgery can
be performed with less delay after endovascular interven-
tion for aneurysm. This is likely due to the lack of restric-
tions on heparinization after endovascular management,
versus the often-recommended delay in anticoagulation
after a craniotomy for surgical treatment. This concept
is supported by recent literature, as a 2017 single insti-
tution retrospective review demonstrated that 8 of 9
consecutive patients who had open heart surgery
within a week of endovascular aneurysm management
had good outcomes.” Indeed 5 of these patients’
aneurysms were unruptured but still embolized for the
purpose of promoting safe open heart surgery and
anticoagulation. Overall the evidently low rate of car-
diac valve surgery during the IIA admission (32.7%)
may be representative of institutions” hesitancy to
manage both conditions in proximity. If the treatment
approach of utilizing endovascular management fol-
lowed by same-admission cardiac surgery is further
validated with positive clinical outcomes, it may pro-
mote a paradigm where a greater proportion of IIAs
are managed endovascularly. Clearly, this issue
requires further study.

Limitations

The chronologically increasing number of IIA cases
reported in the literature implies a potential increase in
incidence. At the very least, providers are focusing more
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closely on this disease, suggesting a more voluminous role
in their practice. In the current climate of epidemic intra-
venous drug abuse in regions throughout the United
States” and increasing rates of IE,” this developing interest
is logical as the literature reflects the growing problem.
However, as this report is a review of publications rather
than epidemiologic data-based incidence, the association
is only implied. Another limitation was the nonuniformity
of data reported. There were several data elements we
attempted to capture in the review but were forced to
abandon because they were so rarely reported among the
literature in any consistent fashion. These included such
elements as intravenous (IV) drug use patterns, recidi-
vism, quantitative outcome scores, and cardiac valve sur-
gery details. IV drug use and the rate of recidivism after
aneurysm management could be a factor that impacts
treatment decisions. The decision to invasively manage an
aneurysm and leave a device implanted in the patient,
which may theoretically act as a nidus for infection, needs
stronger support and study in a patient who uses IV
drugs after aneurysm management. Thus, our review
demonstrates a need for reporting these elements in future
prospective studies. Further details regarding cardiac
valve surgery timing are additional crucial elements that
require investigation. Such details were only reported in
20% of all cases in our review. However, 77% of the
patients were reported to have IE; thus, many would have
had cardiac valve pathology, and likely surgical manage-
ment at some point. It is likely the cardiac surgery course
of patients with IIAs is under-reported due to a lack of
appreciation of its importance on IIA treatment decision-
making. Another possibility is that follow-up intervals
after IIA treatment in the literature were not extended
enough to incorporate the cardiac valve surgery as an
endpoint. Future publications should set out to consis-
tently report details regarding cardiac surgery timing and
any adverse effects which arise from comanagement of
aneurysms.

The data we present reports a high degree of poor clini-
cal outcomes from conservative management ranging
from aneurysm rupture or death, which poses the ques-
tion whether a more aggressive approach should be stan-
dard for patients presenting with IIA. Many publications
only advocate for intervention for IIAs in certain circum-
stances: (1) rupture, (2) symptomatic presentation, or (3)
non-resolution or growth of aneurysm despite a trial of
1-2 weeks of antibiotic ’cherapy.5 However, the increased
tendency of IIAs to rupture may support more proactive
invasive aneurysm management even in unruptured
cases. Alternative strategies have been put forth such as
using aneurysm size thresholds to determine need for
intervention; it has been suggested that aneurysms
>10 mm often rupture when treated medically.'® Addi-
tionally a recent case series included in our review dem-
onstrated a significant size difference in IIAs which
respond to antibiotics (4.1 +/— 2.2 mm) compared to
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unresponsive IIAs (7.5 +/— 3.1 mm) (P= .01).* Other
experienced providers have suggested that intervention
should be performed whenever the IIA is accessible, in
part due to a weak correlation between size and rupture
tendencies.”'® The risks associated with invasive proce-
dures may very well be outweighed by the potential bene-
fit of avoiding catastrophic outcomes when considered on
a large patient population scale. The limits of the literature
prevent us from assessing the validity of this hypothesis
as there is inconsistent reporting of a quantitative out-
come for each treatment modality. Future publications
regarding management of IIAs should aim to subject each
patient to a specific quantitative outcome scoring scale,
such as the Modified Rankin Score. This would plausibly
allow for direct comparison of the incidence of adverse
effects of various invasive procedures, and whether they
are still favorable compared to the rates of negative out-
comes in conservative management. Such data would
allow providers to make an informed decision in the man-
agement of ITA patients at currently ambiguous treatment
pathways.

As the publications included in our review are all of a
retrospective nature, there is a high potential for bias. A
large factor to consider is that institutions and authors are
likely to describe a series of cases highlighting novel treat-
ment scenarios and methods, while not publishing stan-
dard or “typical” management cases. This may have
contributed to the increasing rate of endovascularly man-
aged cases, as endovascular intervention continues to
evolve with novel tools and innovative techniques. How-
ever, the implied increase in endovascular treatment
remains likely, as it is consistent with overall trends in
general aneurysm treatment volumes toward endovascu-
lar interventions.

Conclusions

Presently there is a lack of validated consensus
regarding clinical decisions surrounding IIA manage-
ment despite the increasing publications reporting the
pathology in recent times. Over the previous 2 decades
there has been a progressive increase in endovascular
management, and it is not the predominant method
utilized in the literature. Our literature summary
should inspire conversation as to whether a more
aggressive paradigm is necessary when providers are
confronted with this patient population. It is also evi-
dent that cardiac surgery after aneurysm management
rather than before is strongly favored, and most often
follows endovascular management. There is a need for
further investigation to develop systems of practice for
outcome optimization.

Supplementary Materials

Supplementary data to this article can be found online
at doi:10.1016/j.jstrokecerebrovasdis.2018.11.035.
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