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Petrous apex cholesterol granulomas (PACG) are rare disorders that can lead to patient morbidity and must, occasionally, be drained by either en-
doscopic endonasal (EN) or open procedures (OP). The objective of our study was to complete a review of the literature to compare the EN and OP
approaches on multiple levels, notably on safety and effectiveness. Ovid MEDLINE and Embase were used to perform a thorough literature review of
all cases of PACG treated by either EN or OP dating from January 1948 to August 2017. In total, 49 articles were selected including 23 for EN (n=76)
and 26 for OP (n=210). Differences were found in the incidence of preoperative hearing loss (HL) (EN 18.4%, OP 57.3%; p<0.001), headache (EN 48.7%,
OP 31.2%; p=0.007), and disequilibrium (EN: 14.5%, OP 26.1%; p=0.04). Differences in lesion proximity to the sphenoid sinus (EN 23.6%, OP: 1.0%;
p<0.001), clivus (EN 11.8%, OP 4.7%; p=0.03), otic capsule (EN 0.0%, OP 5.2%; p=0.03), internal auditory canal (EN 2.6%, OP 10.9%; p=0.01), and inter-
nal carotid artery (ICA) (EN 9.2%, OP 2.8%; p=0.02) were found on preoperative imaging. The EN procedure had better hearing improvement rates
(EN 85.7%, OP 23.4%; p<0.001), lower complication rates (EN 7.9%, OP 17.6%; p=0.04), shorter median follow-up (EN:13.5 months, OP:37.2 months;
p<0.001), and shorter time to recurrence (EN 3 months, OP 22.6 months; p=0.002) than the known OP. No differences were found in age, preoperative
size, recurrence rate, operative time, stent placement, or improvement of other symptoms. Endoscopic nasal approaches, when feasible, should be
favored to open procedures for PACG drainage given their better hearing improvement and less complication rates.
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INTRODUCTION

Petrous apex cholesterol granulomas (PACG) are rare disorders that affect 0.6 per 1 million persons . The cause of these inflamma-
tory lesions remains a controversial topic. Originally, it was thought that they were caused by hemorrhage in the petrous apex (PA)
space. According to this theory, red blood cells are broken down secondary to the negative pressure of the space and cholesterol is
released. This then triggers an inflammatory reaction and forms a cyst'2. In 2003, Jackler et al. ®!proposed a new theory where the
bleeding and inflammatory cascade would be caused by contact between the skull base bone marrow and the aerated PA space.

Some have advocated for the conservative management of these lesions when they are incidentally found on imaging™. However,
when these become cumbersome and lead to morbid symptoms such as headaches and cranial neuropathies, they must be surgi-
cally drained or excised.

Several approaches have been described over the years, which can be separated into two categories: the endonasal (EN) and
open (OP) approaches. Three variations of EN approaches are described: 1) the transsphenoid (TS) approach, 2) the transclival
(TC) approach with or without internal carotid artery (ICA) lateralization, and 3) the transpterygoid infrapetrous (IP) approach ©.
Conversely, the open approaches include the infracochlear (IC) ', infralabyrinthine (IL) 7', middle fossa (MF), suboccipital (SO) ¥, and
translabyrinthine (TL) approaches ..
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Stenting has been used to theoretically diminish the risks of recur-
rence. However, their benefit remains unproven and controversial. Of
note, an alternative to stenting, proposed by Paluzzi et al. %, is the
nasoseptal mucoperiosteal miniflap.

In a cadaver dissection study, Scopel et al. " demonstrated that EN
approaches were able to reach the posterior-inferior PA in 90% and
the superior and anterior-inferior PA in all specimens. With this in
mind, EN approaches may not be limited to lesions approximating
the sphenoid sinus.

The objective of our study was to complete a review of the literature
of all the aforementioned approaches to compare the EN and OP ap-
proaches on multiple levels, notably on safety and effectiveness.

MATERIALS AND METHODS

Literature Review

The systematic review was completed according to Preferred Report-
ing Items for Systematic Reviews guidelines. Pubmed, Ovid MEDLINE,
and EMBASE databases were used to perform a literature review of
English language publications from January 1948 to August 2017.
The keyword combinations included the following: petrous apex
cholesterol granuloma AND infralabyrinthine OR infracochlear OR
middle fossa OR suboccipital OR translabyrinthine OR transsphenoid
OR transclival OR transpterygoid. An outline of our review methodol-
ogy can be seen in Figure 1.

Selection Criteria

Articles explicitly reporting patients with histologically proven PACG were
reviewed. The lesion had to have been either drained or excised via either
EN or OP approaches. Each study was analyzed to extract all available data
and assure eligibility for inclusion of all patients. Patients were separated
into two groups according to the operative procedure they underwent
(EN or OP). Age, preoperative symptoms, size and location of the lesion,
operative times, follow-up times, postoperative symptom improvement,
surgical complications, and recurrence rates with or without the use of
stent placement were compared. The pediatric population was excluded.
Articles describing only revision surgery were also excluded.

Titles and abstracts were reviewed by two authors (P.T. and N.S.)
to discard irrelevant studies. All of these were then analyzed to in-
clude any additional articles of interest. Relevant studies were inde-
pendently determined by P.T. and N.S, based on the inclusion criteria.

The study was approved by our institutional research ethics board
and follows the standards of our institutional ethics committee.

Statistical Analysis

Statistical analysis was done using the Microsoft Excel software (Red-
mond, Washington, USA). Chi-square test was used to analyze cate-
gorical data. Fisher’s exact test was used to analyze categorical data
when one of the tested groups was composed of <5 patients. Stu-
dent’s t-test was used to analyze all continuous data. Homogeneity
among studies in each group was also undertaken.

Ovid-MEDLINE + EMBASE

1035 articles
930 articles /

* Duplicates
* Repeat group of authors

» Irrelevance to objective 105 articles
e Language inaccessibili ) . o
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. .
e Editorial or short comment . Authors contacted if necessary
49 articles

Endoscopic endonasal approaches

23 articles
n=76

Figure 1. Study methodology.
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RESULTS

A total of 49 articles were included in our review: 23 described en-
donasal approaches %1234 and 26 described open approaches * ¢
34571 Reports of 286 patients were included, 76 of whom underwent
EN approaches and 210 OP approaches. The most commonly used
surgical approaches are listed in Table 1.

The mean age was similar between both EN and OP groups (EN:
38.6x15 years; OP: 39.7+11.6 years; p=0.6). The most common pre-
senting symptom was hearing loss, followed by headaches and ves-
tibular symptoms (Table 2). Differences in preoperative symptoms
between each group are shown in Table 3. No difference was found
in the preoperative lesion size between both EN and OP groups (EN:
3.15+0.83 cm; OP: 2.75+0.57 cm; p=0.19). Differences in lesion prox-
imity to important anatomic structures are shown in Table 4.

As shown in Table 5, symptom improvement was similar between
EN and OP groups, except for hearing loss which responded better
to EN than hearing-sparing OP (EN 85.7%, OP 23.4%; p<0.001). Table
6 demonstrates symptom improvement among the most frequent-
ly used approaches. All patients who underwent the MF approach
showed complete resolution of their symptoms. The IL approach

Table 1. Different approaches used on patients presenting with petrous
apex cholesterol granuloma
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showed better hearing improvement than the IC approach (41% vs
17%; p=0.03).

Stenting was used in 51 patients (17.8%). Sixteen patients among
the EN group (21%) underwent stent placement, including five TS,
three TC, and eight the combined TC+IP approaches. Of the 35 stents
placed within the OP group (16.7%), 21 used the IC approach, 12 the
IL approach, and two MF approaches. Stents were specifically de-

Table 3. Differences in preoperative symptoms between the EN and OP
groups

EN (%) OP (%)

Symptom n=76 n=210 p
Hearing loss 18.4 57.3 <0.001
Headache 48.7 31.2 0.007
Vertigo/disequilibrium 14.5 26.1 0.04
Diplopia 19.7 1.3 0.07
Facial paresthesia/pain 4.0 8.5 0.09
Facial paresis/paralysis 4.0 10.0 0.19

EN: Endoscopic endonasal; OP: open

Table 4. Differences in lesion proximity to important anatomical structures
between the EN and OP groups

. . o
Approach # of patients Relative frequency (%) EN (n=76) OP (n=210)
EN Total 76 26.6 Location proximity (%) (%) P
TS 39 13.6 Sphenoid sinus 23.6 1.0 <0.001
TC 18 6.6 Clivus 11.8 4.7 0.03
P 11 3.8 Otic capsule 0.0 5.2 0.03
TC+IP 8 28 IAC 2.6 10.9 0.01
opP Total 210 73.4 ICA 9.2 28 0.02
IC 62 21.7 EN: Endoscopic endonasal; OP: open; IAC: internal auditory canal; ICA: internal carotid artery
IL 78 27.3 Table 5. Postoperative symptoms improvement in patients with cholesterol
granuloma of the petrous apex
MF 33 11.5
L 16 56 Surgical  Reported symptom Symptom
: Symptom Approach outcome improvement (%) p
SO 6 2.1
HL EN 13/14 (93%) 92.3 <0.001
Other 15 52
OpP* 88/121 (72%) 234
EN: Endoscopic endonasal; OP: open; TS: Transsphenoid approach; TC: Transphenoid
transclival; IP: Infrapetrous; IC: Infracochlear; IL: Infralabyrinthine; MF: Middle Fossa; TL: Headache EN 33/37 (89%) 93.9 0.46
Translabyrinthine; SO: Suboccipital op 15/66 (23%) 938
Table 2. Presenting symptoms in patients with petrous apex cholesterol Vertigo / EN 9/11 (82%) 88.9 053
granuloma disequilibrium
q opP 9/55 (16%) 90
Symptom Number of patients (n) Relative frequency (%)
Diplopia EN 10/15 (67%) 20 0.43
Hearing loss 135 47.2
OP 22/24 (92%) 86.4
Headache 103 36.0
Paresis / paralysis ~ EN 0/3 (0%) N/A N/A
Vertigo/disequilibrium 66 23.1
OP 5/21 (24%) 50
Diplopia 39 13.6
Paresthesia /pain  EN 3/3 (100%) 66.7 0.3
Facial paresis/paralysis 24 8.4
EN: Endoscopic endonasal; OP: open; N/A: not applicable.
Facial paresthesia/pain 21 7.3 *Excluding all nonhearing-sparing approaches.
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scribed as being made with Silastic in only six patients&41-4251, Spe-
cific stent manufacturers were mentioned in only two articles. One
article among the EN group described the stent as a 4-mm Xomed
frontal sinus stent (Medtronic Inc., Jacksonville, Florida, USA) 3, and
another among the OP group described it as fashioned from an an-
giocath (Becton, Dickinson and Co.) “&, Furthermore, two articles
mentioned T-shaped stents in the EN group 2% 3%, Graham et al. 5"
described an MF approach which necessitated stent placement into
the anterior tympanic cavity, and Balachandran et al. ® described a
double-barrel stenting approach which required two drilling tracts
to the lesion. Finally, two articles mentioned postoperative removal
of stents under general anesthesia because of granulation tissue for-
mation "%, No articles in our review mentioned anticoagulant thera-
py or its effect on patient quality of life.

Table 6. Cholesterol granuloma symptom improvement by surgical approaches

EN approaches showed similar recurrence rates as OP approaches
when stent placement was used (6% vs 17%; p=0.22). When compar-
ing the recurrence rate of nonstented patient, EN approaches had a
significantly higher recurrence rate (16% vs 7%; p=0.03). No differ-
ence was found in recurrence rates between stented and nonstent-
ed EN approaches (6% vs 16% p=0.20). A trend was seen toward a
significantly higher recurrence rate in stented OP approaches than
nonstented ones (17% vs 7%; p=0.07).

Among all collected articles, only two in the EN group ">2% and four
in the OP group 2453 were described as excised and not drained, all
of which had positive postoperative outcomes. Given the rarity of ex-
cision, comparison between drainage and excision between groups
was difficult to make.

EN OoP

Symptom TS (n=39) TC (n=18) IP TC+IP (n=8) IC(n=62) IL (n=78) MF (n=33) TL(n=16) SO (n=6) Other(n=15)
Hearing loss 6/7 (86%) 2/2(100%) 3/3 (100%) 1/1(100%) 5/30(17%) 17/41 (41%) N/A 0/5(0%)  0/4(0%) 3/8 (38%)
Headache 15/16(94%)  6/7 (86%) 4/4(100%)  6/6(100%) 1/1(100%)  6/7(86%)  4/4(100%) N/A N/A 3/3 (100%)
Vertigo/disequilibrium  4/4 (100%) 3/4(75%) N/A 1/1(100%) 2/2(100%)  5/5(100%) N/A N/A N/A 0/2 (0%)
Diplopia 6/7 (86%) 1/1(100%) 2/2 (100%) N/A 2/4 (50%) 5/5(100%) 10/10(100%) N/A N/A 2/3 (67%)
Paresis / paralysis N/A N/A N/A N/A 2/4 (50%) N/A N/A N/A N/A 0/1 (0%)
Paresthesia / pain N/A N/A 2/3 (67%) N/A 1/1 (100%) N/A 4/4(100%) N/A N/A 2/2 (100%)

EN: Endoscopic endonasal; OP: open; TS: Transsphenoid; TC: Transphenoid transclival; IP: Infrapetrous; IC: Infracochlear; IL: Infralabyrinthine; MF: Middle Fossa; TL: Translabyrinthine; SO:

Suboccipital; N/A: not applicable.

Table 7. Recurrence and complications rate comparison between EN and open approaches

Approach Reported Reported
complications Complication rate (%) Complications recurrences Recurrence rate (%)
Total 65/76 (85.5%) 5/55(9.1%) 57/76 (75.0%) 7/57 (12.3%)
TS 30/39 (76.9%) 2/30 (6.6%) Epistaxis; pneumocephalus 28/39 (71.8%) 6/28 (21.4%)
TC 17/18 (94.4%) 1/17 (5.8%) Transient abducens nerve palsy 13/18 (72.2%) 0 (0%)
P 10/11 (90.9%) 0 (0%) 9/11 (81.8%) 1/9 (11.1%)
TC+IP 8/8 (100%) 2/8 (25%) Chronic otitis media; eye dryness 7/8 (87.5%) 0
Total 160/210 (76.1%) 36/160 (22.5%) 151/210(71.9%) 16/151 (10.6%)
IC 48/62 (77.4%) 7/48 (14.5%) Tympanic perforation; 47/62 (75.8%) 9/47 (19.1%)
facial paralysis; CSF leak/meningitis; SNHL
IL 58/78 (74.4%) 18/58 (31%) Facial paralysis (x4), CSF leak (x2), 58/78 (74.4%) 4/58 (6.9%)
superficial wound infection (x2),
stitch abscess; labyrinth injury, cochlea
aqueduct injury, carotid artery injury
MF 26/33 (78.8%) 5/26 (19.2%) CSF leak, meningitis, seizures 24/33 (72.7%) 2/24 (8.3%)
TL 10/16 (62.5%) 0* 8/16 (50.0%) 0/8 (0%)
SO 5/6 (83.3%) 3/5 (60%) Facial nerve palsy, abdominal hematoma, 5/6 (83.3%) 0/5 (0%)
swallowing dysfunction
Other 13/15 (86.6%) 3/13 (23.0%) Facial nerve paralysis; carotid artery injury 9/15 (60%) 1/9 (11.1%)

EN: Endoscopic endonasal; OP: open; TS: Transsphenoid; TC: Transphenoid transclival; IP: Infrapetrous; IC: Infracochlear; IL: Infralabyrinthine; MF: Middle fossa; TL: Translabyrinthine;

SO: Suboccipital; CSF: Cerebrospinal fluid; SNHL: Sensorineural hearing loss.
*Postoperative hearing loss in TL was not considered a complication



A trend toward a significantly shorter OR time was noted between
EN and OP approaches (1 h vs 2.25 h, respectively; p=0.09); however,
it must be mentioned that very few operative times were reported in
the literature according to our review (n=9).

Table 7 shows symptom recurrence and surgical complication rates
for the most commonly used approaches. Among all patients, the
presence of recurrences and complications was reported in 208/286
(72.7%) and 225/286 (78.7%), respectively. When comparing EN and
OP approaches, the symptom recurrence rates were similar (12.3% vs
10.6%; p=0.57) and the complications rates were significantly higher
in the OP approach group than in the EN approach group (22.5% vs
9.1%; p=0.03).

The EN approach was also found to have shorter median follow-up
(EN: 13.5 months, OP: 37.2 months; p<0.001) and shorter time to re-
currence (EN: 3 months, OP: 22.6 months; p=0.002).

A study of homogeneity was attempted but was determined to be
unreliable given the low sample size within each case series.

DISCUSSION

The indications for a given approach were rarely explicitly ex-
pressed within each article; however, the differences in preopera-
tive symptoms and lesion location may explain why a certain proce-
dure was favored over another. Of note, hearing loss and proximity
to the internal auditory canal (IAC) and otic capsule seemed to fa-
vor the OP approach. Extension to the internal auditory canal has
previously been stated as a contraindication to EN procedures “7;
nonetheless, two patients in our review underwent EN resection
of PACG extending to IAC 2> 29, Interestingly, they did not present
any postoperative complications and were symptom-free at 3-and
10-month follow-ups. Of the 11 patients with PACG approximating
to the otic capsule, one had no reported symptom improvement,
and of the remaining 10 patients, 7 (70%) had improved hearing
after an OP approach. This entails that the approximation to the otic
capsule does not entail the lack of hearing improvement postoper-
atively and that these patients should be included in the hearing
outcome comparison.

Furthermore, many authors have limited the use of EN approaches
to medial lesions either protruding or abutting the sphenoid sinus;
however, the use of ICA lateralization or a transpterygoid infrape-
trous approach has made a more deep and lateral dissection possible
0. Paluzzi et al. " reported five patients necessitating ICA lateraliza-
tion and eight necessitating an infrapetrous approach. None of these
patients had either ICA injury or permanent vision disturbances.
These findings are corroborated by Zanation et al. ® who also report-
ed three patients with ICA lateralization and no associated complica-
tions. All these patients were recurrence-free at long-term follow-up.

Even though some have advised against the use of EN procedures in
cases of dural involvement because of the risk of secondary meningi-
tis 7, Georgalas et al. reported a case of PACG excised from the sella
turcica, the dura of the posterior cranial fossa, ICA, and optic nerves
which showed no evidence of meningitis or ICA injury . In fact, no
patients who underwent the EN approach in our review showed
complications with meningitis.

Tabet et al. Petrous Apex Cholesterol Granuloma

As for subjective clinical outcomes, EN approaches have shown
promising results in symptom improvement. First, successful treat-
ment seems to be similar to the more invasive OP approaches as
shown by comparable symptom improvement scores and recurrence
rates (Tables 5 and 7). Even when including only hearing-sparing OP
procedures, EN showed better hearing loss improvement. Unfortu-
nately, no articles reported postoperative facial paralysis outcomes.

Finally, the EN procedure complication rate was significantly lower
than the OP approach. Complications in EN included epistaxis %3,
pneumocephalus 2", transient abducens nerve palsy, chronic serous
otitis media, and eye dryness.

The infracochlear (IC) approach carries a complication rate of 14.5%,
which included mostly minor complications such as tympanic per-
foration and temporary facial paralysis . One patient had a severe
complication of CSF leak and subsequent meningitis 2. Furthermore,
the IC approach has a theoretic risk of carotid artery injury during
drilling ®%. This complication was, however, never reported during
draining of a PACG. The recurrence rate of this approach was higher
than overall EN, IL, and MF approaches. These results lead us to prefer
EN procedures over IC ones when the former is deemed possible.

The IL approach, which necessitates complete mastoidectomy, pres-
ents with similar recurrence rates to the other OP approaches but has
a much higher complication rate than the EN and IC approaches. This
may be due to the dangerous boundaries of the infralabyrinthine
cells whose limits are the sigmoid sinus, the third portion of the facial
nerve, posterior semicircular canal, and jugular bulb®. Of all compli-
cations encountered after the IL approach, four were of facial paraly-
sis 4145471 Even though hearing improvement was significantly better
with the IL approach than the IC approach, the EN approach should
be favored, when feasible, in patients presenting with this symptom.

The MF approach was the most successful intervention with regards
to symptoms improvement, in fact, all patient in our review who un-
derwent MF approach were symptom-free after their surgery. This
approach unfortunately has the downfall of having a high complica-
tion rate. Complications were relatively severe and included CSF leak,
meningitis ¥, and seizures 3,

All patients operated via the TL approach had nonserviceable hear-
ing and no recurrences of their lesions secondary to complete re-
section of the disease. In fact, given the wide exposure of the PA, a
complete resection of the granuloma is possible, and therefore, a low
recurrence rate is to be expected.

Of the six patients who underwent a suboccipital approach (SO)
compared to the PA approach, postoperative symptom outcomes
were reported only in four patients who initially presented with hear-
ing loss and none showed postsurgical improvement. Two patients
had postoperative complications, one developed a facial nerve palsy
and an abdominal wound hematoma 3% and the second reported
swallowing dysfunction “?. The proximity to the brainstem origin of
cranial nerves VII, IX, and X could explain these findings 8.,

Interestingly, when comparing nonstented EN and OP approaches,
a significantly higher recurrence rate was observed in EN which may
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indicate a higher necessity for stenting in these cases. In fact, the
larger dissected space in the OP techniques may explain the limited
usefulness of stents in these procedures. Another interesting finding
is the trend toward a higher recurrence rate in stented OP patients
than non-stented ones. This may be secondary to stent blockage and
subsequent narrowing of the open dissected space. Therefore, we
conclude that stenting is an advantageous intervention only in EN
cases and may increase the risk of recurrence in OP cases.

Finally, the shorter median follow-up and time to recurrence after EN
approaches may represent another advantage of such procedures.
Since disease recurrence presents earlier with EN, cure from PACG
may be established more quickly in these patients than in those
having undergone OP procedures. The timing of complications and
hearing improvement were not reported in the reviewed articles.
However, most described complications can be considered acute
complications normally occurring within a year of surgery. Similar-
ly, postoperative hearing assessment is usually done within a year of
surgery as well. Therefore, the shorter follow-up time in EN approach-
es (13.5 month) should not invalidate the differences found between
the EN and OP groups.

It is important to note, however, that regardless of these different
outcomes between the EN and OP approaches, we do emphasize the
value of observing patients with tolerable symptoms given the pos-
sibility of spontaneous resolution % and the risks involved in surgery.

Limitations

First, our study is limited by the reported data within the above cited
articles. As previously noted, postoperative outcomes were not sys-
tematically mentioned in every article. Furthermore, no distinction
was made between symptom improvement and resolution. Also, if
any authors brought subtle variations of known surgical approaches
when excising or draining the cholesterol granuloma, these varia-
tions were not taken into account given their high number in vari-
ability. For example, the Brackmann’s method © for the infracochlear
approach is not identical to the one described by Goldofsky et al.
¥ No articles in the EN group and 18 articles in the OP group men-
tioned pure-tone audiometry (PTA) scores. Ten of the 18 articles in
the OP group mentioned pre- and post-operative PTA scores. Given
the limitations of quantitative data in literature, we opted to use only
the mention of the presence, improvement, stability, or worsening of
hearing loss. A specific threshold was not used given the lack of PTA
scores in the EN group. Finally, homogeneity testing was not possible
given the low sample size of each study, multiple case reports and
series had to be included given the lack of literature on the topic.
This permits an early interpretation of data in literature and more
studies, including randomized studies, must be undertaken to fur-
ther understand this topic. However, to do so, endoscopic endonasal
approaches should be attempted in greater numbers and this study
in an introduction to its safety and efficacy.

CONCLUSION

While the recurrence rates are similar between EN and OP proce-
dures, the EN approach has lower complication rates as well as better
hearing improvement outcomes. Also, stent placement seems to be
more useful in the EN approach than in the OP approach. Given these
results, we encourage to always consider EN approaches, when fea-

sible, in patients with PACG. If an OP approach in chosen however,
one should be aware of the lower recurrence rates and better hearing
outcomes of the IL approach than the IC approach which has, on the
other hand, less complications.
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