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Autogenous Fat Grafting for
Chin Augmentation:

A Preliminarily Clinical Study of
Cosmetic Outcome

Qianwen Wang, MD, Xin Guo, MD, and Jiaqi Wang, MD

Abstract: Preoperative evaluation and surgical details of chin fat
augmentation aiming at increasing the projection of the original
mentum are scarcely reported. Herein, the authors systematically
reviewed the application of fat grafting for chin augmentation in
our institution from 2010 to 2014. This percutaneously multi-
layered fat-injection technology can be applied for chin
augmentation for a subset of patients after strict selection, and
the details of lipofilling technology and fat distribution vary
depending on each individual patient’s condition. Mentum can
be augmented in the sagittal plane in different degrees, whereas
the chin height seems unable to be effectively prolonged by
lipofilling.

Key Words: Augmentation mentoplasty, autologous fat grafting,
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hin prominence plays an important role in the perception of

facial aesthetics. For decades, implant insertion has been a
popular operation to improve chin projection and to create sym-
metric facial proportions. Many alloplastic materials (eg, silicone,
Gore-Tex, and Medpor) and some autologous grafts (eg, cartilage
grafts and bone grafts) have been applied for augmentation men-
toplasty; however, their implanting procedures require extensive
dissection and may cause complications, such as rejection reac-
tions, infection, bone absorption, implant movement, and nerve
injury.

Autologous fat tissue is a widely used filler for soft-tissue
augmentation in plastic surgery.' "> Although the viability of fat
grafting remains unpredictable, this relatively simple and low-risk
procedure is popular among surgeons, as well as patients. It has
been considered as the ideal soft-tissue filler’ ™ and can Provide
long-lasting support to the soft tissue once surviving.>®%'12 To
date, chin fat augmentation aiming at increasing the projection of
the original mentum has scarcely been discussed, and this procedure
should not be just considered as maintenance of soft-tissue volume
loss. The purpose of the study was to review our experience of chin
fat augmentation in details.

From the Head & Neck Plastic and Cosmetic Surgery Center of Beijing
Plastic Surgery Hospital, Chinese Academy of Medical Sciences,
Peking Union Medical College, Beijing, China.

Received June 24, 2015.

Accepted for publication August 10, 2015.

Address correspondence and reprint requests to Xin Guo, MD, Head &
Neck Plastic and Cosmetic Surgery Center, Beijing Plastic Surgery
Hospital, Chinese Academy of Medical Sciences, Peking Union
Medical College, 33 Badachu Road, Shijingshan District, 100144
Beijing, China; E-mail: guoxin_psh@163.com

The authors report no conflicts of interest.

Copyright © 2015 by Mutaz B. Habal, MD

ISSN: 1049-2275

DOI: 10.1097/SCS.0000000000002140

© 2015 Mutaz B. Habal, MD

PATIENTS AND METHODS

Patients

Between 2010 and 2014, we applied fat grafting to patients who
presented mildly sagittal and/or vertical deficiencies of chin that
were not accompanied by distinct maxillofacial deformities. The
included 105 patients had one of the following conditions: simple
microgenia (N = 64); mandibular advancement for moderate and
severe retrognathia with results still inferior to their expectation
(N=11); removal of alloplastic chin implants (N=16); and sub-
sequent chin augmentation after rhinoplasty to ensure better facial
balance (N =14). The mean age of the patients was 29.4 (range:
19-41) years, and the mean body mass index was 25.2 (range:
21.2-30.6) kg/m™.

The included patients were divided into 2 subgroups: Group A
(N =281): patients with expectation of chin projection increasing in
the sagittal plane, and Group B (N = 24): patients with desire of chin
prominence enlargement in both the sagittal and vertical directions.

All patients had been followed up. The aims of the follow-up
included objective evaluation of the surgical outcomes and
patients’ subjective self-assessment, and to decide whether
additional lipofilling was needed. The patients’ self-assessment
was classified into much improvement (reached or almost reached
their expectation), improvement (positive change but much less
than their expectation), and no change. Subsequent fat grafting was
only performed on patients who felt that the former lipoinjection
had a positive outcome and actively asked for further improvement
or accepted our supporting recommendation. Patients with no
improvement were advised not to get further grafting for fear of
failure again.

Surgical Procedure

The donor site of fat tissue was the lower abdomen, flank, lateral
thigh, or inner thigh. After tumescent anesthesia, fat harvesting was
performed by a 2-mm sharp cannula connected to a 25-mL syringe.
The aspirated fat tissue from the deep layer was washed with normal
saline no more than twice. The washed lipoaspirate was dispensed
into 5-mL syringes and further purified by gravity separation for
10 minutes.

Through a one-hole blunt cannula (0.8 mm in diameter), fat was
injected percutaneously and placed subcutaneously and submuscu-
larly. The first aim was to horizontally enlarge the chin pad. Chin
projection was examined during lipofilling until the prominence of
the mentum was considered sufficient. Care was taken for the
superior border to not be beyond the mentolabial fold.

For patients with the wish of increasing chin height, the soft-
tissue menton point was first located, and this point was then
moved downward to the determined appropriate location by multi-
layered fat injection. Around the new menton, fat tissue was
transplanted toward the bilateral jaw line with gradual decrease
of fat amount.

At last, after finishing the injection at static status, observation of
whether there was any unevenness, was made while smiling; and
this issue was addressed by microamount graft injections.

RESULTS

The numbers of patients who underwent 1, 2, and 3 lipoinjections
were 35, 41, and 29, respectively. The respective amounts of each
injection and the time intervals between every lipofilling are shown
in Table 1. The mean follow-up period was 21 months (range: 7—37
months).

Presented in Table 2, for all patients, irrespective of how many
fat injections they underwent, the percentages of patients with much
improvement, improvement, and no change were 56.2% (N =59),
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TABLE 1. Total Fat Injection Amount and Interval of Injections According to
Lipoinjection Numbers

Interval of

No. of No. of Fat Amount(mL), Injections (Months),
Lipofilling Patients Mean (Range) Mean (Range)

1 35 4 (2-7.5)

2 41 59 (3-9) 6.4 (3-19)

3 29 7.2 (4-11.5)

35.2% (N=37), and 8.6% (N =09), respectively. The number of
patients with much improvement of chin underwent 1, 2, and 3
lipoinjections were 10, 30, and 19, respectively. All patients with
much improvement, belonged to Group A, whereas the patients in
Group B reported different degrees of improvement of chin pro-
minence in the horizontal plane and much less improvement in the
vertical direction, indicating that the chin could be increased more
effectively in the horizontal direction than in the vertical plane
by lipotransfer.

Typical cases are shown in Figures 1-2. There were no major
complications, such as infection, palpable scleroma, paresthesia, or
chin drooping during any stage of the operations or follow-ups.

DISCUSSION

Not all patients are suitable for mentum lipofilling, so careful
preoperative patient selection is crucial, as it contributes to surgical
plan and foreseeability of the cosmetic outcome. Our objectives of
chin lipofilling did not have distinct jaw deformities. It is imposs-
ible to achieve a beautiful chin profile only through fat grafting for
patients with obvious retrognathia or distinctly shortened mandib-
ular height because fat tissue is too soft to reshape a solid structure
and augmenting mentum to a point exceeding a certain degree have
risks of chin drooping and fat appearance.

The preoperative relationship of the mentum with the nose and
lips should be assessed for further determining the required degree
of chin projection. Chin prominence should not exceed the line
perpendicular to Frankfurt plane through nasion.'® Another ideal
facial plane, namely the Gonzalez-Ulloa line, a vertical line that
extends down from the nasion to meet the Frankfurt plane, should
meet or be close to the anteriormost part of mentum.'> At the most,
these lines, however, should serve only as reference planes, as the
analysis of facial aesthetics is more complex. The lower lip usually
should have a similar prominence as the chin projection.'® Exces-
sive protrusion of the lower lip can deepen the labiomental crease,
and chin augmentation without considering the labiomental fold,
may thus make it unaesthetically deeper.

The position and depth of the labiomental fold vary among
individuals,'® and 2 fat pads, namely the superficial and submentalis
fat pads, exist in the mental region.'”'® Absolute subdermal lipo-
filling may increase the risks of irregularity, chin drooping, and fat-
appearance, and thus, we place most of fat into the 2 chin fat pads,
exerting much caution not to go up beyond the labiomental crease,
as shallowing of the mentolabial sulcus can otherwise lead to

FIGURE 1. A 25-year-old woman desired for her chin enlargement in horizontal
plane and then underwent twice lipofillings with an interval of 6 months. She
also underwent lipofilling for correction of lacrimal grooves at the first surgery.
The fat amount in the chin were 4 and 2.5 mL, respectively. She was satisfied
with the outcome of the mentum, 23 months after the second operation. Her
chin had a significant improvement in horizontal projection.

unaesthetic total lower face augmentation, especially in patients
with a high labiomental fold. In very rare cases with distinct lower
lip protrusion, fat grafting to shallow labiomental fold, however,
can also result in acceptable outcomes. In addition, for patients with
obesity or excess submental and neck adipose tissue, chin lipofilling
should not be performed alone, as it may cause an unaesthetic fat-
appearing profile from an overall perspective, but should rather be
used to reinforce the effects of faciocervical liposuction. '

Fat tissue can moreover be used to fill cleft chins. Cleft chin is
characterized by a groove resulting from a lack of fusion of the
paired mentalis muscles in the center of the mentum.'® In this
muscle-deficient region, fat injection into the deep layer usually
shows limited improvement to this trough, so subdermal fat injec-
tion should be emphasized. The groove can be flattened or shal-
lowed at the static state; however, it may visualize again upon facial
expressions as a result of mentalis muscle contraction.

The horizontal prominence of chin can be improved in various
degrees by fat grafting. The ultimate limit of chin projection that
can be aesthetically increased by lipofilling is estimated to be 3 to
5 mm, as we clinically observed. Exceeding that extremity through
lipofilling may result in an unaesthetic fat-like appearance and chin
ptosis. Another observation is that chin seems not be effectively
prolonged in the vertical direction as all patients in Group B
reported their vertical length of mentum were much inferior to
their expectation after lipofillings. Possible reasons are as follows:
first, adipose tissue, unlike alloplastic materials, is a soft-tissue
filler and difficult to form into a stable structural support. Second,

TABLE 2. Outcomes of Patients’ Subjective Self-Assessment

1 Lipofilling 2 Lipofilling

3 Lipofilling Total

Percentage (N) Percentage (N) Percentage (N) Percentage (N) Affiliation
Much improvement 9.5 (10) 28.6 (30) 18.1 (19) 56.2 (59) Group A
Improvement 13.3 (14) 14.3 (15) 7.6 (8) 352 (37) Group A and B
No change 8.6 (9) - - 8.6 (9) Group A and B
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FIGURE 2. A 23-year-old woman underwent fat grafting twice for the purpose
of chin augmentation in both the horizontal plane and vertical direction with an
interval of 9 months. The injected fat amount were 6.5 and 4.5 mL, respectively.
During the 17-months follow-up, she had no significant complications and felt
that the horizontal projection of chin was close to her expectation and the
vertical prominence of mentum seemed to have no significant change.

the soft tissue of the chin has a broader range of movement in the
horizontal plane than in the vertical direction, so adipose tissue can
upheave the mentum more easily and bears lesser tissue tension in
the horizontal plane than in the vertical direction. Fat retention may
hence decrease because of the fact that adipose tissue injected into a
tight region compresses more than that in a loose area, thus
potentially resulting in poorer vascularization.

CONCLUSIONS

Fat grafting can be applied for chin augmentation for a subset of
patients after strict selection. The adipose tissue mainly distributes
in the subdermal and submuscular layers. The details of the
injection technology and fat distribution vary depending on each
individual patient’s condition. In addition, the mentum can be
augmented in the sagittal plane, whereas the chin height seems
unable to be effectively prolonged by lipofilling.
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Osteoradionecrosis of the
Posterior Maxilla: A New
Approach Combining Erbium:
Yttrium Aluminium Garnet Laser
and Bichat Bulla Flap

Gianluca Porcaro, DDS, MS, Ernesto Amosso, DDS,
Luca Mirabelli, DDS, Alberto Busa, DDS,
Fabrizio Carini, MD, and Marcello Maddalone, MD, DMD

Abstract: Osteoradionecrosis (ORN) of the jaw is a complication of
radiation therapy for head and neck cancers. We report a case of
ORN of the posterior maxilla treated with Er: YAG laser and a
pedicled buccal fat pad (bichat bulla adipose) flap. A 69-year-old
man presented complaining of pain on left maxilla. He had received
high-dose radiotherapy (90 Gy) for squamous cell carcinoma of the
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left soft palate 2 years earlier. Clinical and radiographic examin-
ations revealed ORN of the left maxillary molar region and
maxillary sinusitis. Daily home care consisted of 0.9% saline
irrigation and 0.8% H,0, gel application. Sequestrectomy and
tooth extraction were followed by debridement with Er: YAG laser
and repair with a pedicled buccal fat pad flap. Complete resolution
of ORN and maxillary sinusitis was established one year postsur-
gically. The excellent clinical outcome suggests that Er: YAG laser
debridement and pedicled buccal fat pad flap are a viable option to
treat ORN of the posterior maxilla.

Key Words: Buccal fat pad, laser solid-state, maxilla,
osteoradionecrosis, surgical flaps

O steoradionecrosis (ORN) is a potentially debilitating compli-
cation of radiation therapy for head and neck cancers.' ™ It is
characterized by exposed bone that fails to heal during 1 month.’
Radiation damage causes hypovascularity by thrombosis, that
determines hypoxia, and hypocellularity by cell death,® which
can result in a chronic nonhealing wound.” The risk factors of
ORN include age, sex, radiation dose, primary tumor site and stage,
tumor location in relation to the maxilla, type of treatment and
technique (external beam radiation, brachytherapy, chemotherapy,
surgery, or combination therapy), tooth extraction or dental surgery
before and after radiation, smoking, alcohol consumption, and
systemic factors (ie, infection, immune deficiency, comorbidities,
and malnutrition).” High-dose irradiation (>70Gy) of the jaws
significantly increases the risk of ORN.*

The pedicled buccal fat pad flap (BFP), also known as bichat
bulla adipose flap, has been used for repair of persistent oroantral
fistulas after tooth extractions in the maxillary molar region, facial
augmentation procedures, treatment of oral submucous fibrosis,*’
and closure of oroantral and oronasal communications secondary to
oncologic resection.'” Er: YAG laser has already been applied
for mana%ing bisphosphonate-related osteonecrosis of the jaw
(BRONJ).'"" Use of both Er: YAG laser and BFP to manage
ORN of the jaws, however, has not been reported. This paper
describes a case of ORN of the posterior maxilla treated with Er:
YAG laser and a pedicled buccal fat pad.

MATERIALS AND METHODS

A 69-year-old man presented complaining of pain on left maxilla at
the Operative Unit of Stomatology, San Gerardo Hospital, Monza,
Italy. He had received two-dimensional head and neck radiotherapy
(90 Gy) during 2 months for squamous cell carcinoma of the left soft
palate 2 years earlier. Extraoral examination revealed a painful
swelling in the left infraorbital region. Intraoral examination
suggested ORN of the left maxillary molar region complicated
by maxillary sinusitis (Fig. 1A). The diagnosis was confirmed by
cone-beam computed tomography (Fig. 1H-I).

A combined medical and surgical approach was planned. The
defect was irrigated weekly with 0.9% saline and 0.8% H,0, gel
was applied at the hospital. Daily home care included 0.9% saline
irrigation after meals and 0.8% H,O, gel application every 24 hours
(Fig. 1B). Two surgeries were required. Antibiotics (875-mg
amoxicillin + 125-mg clavulanic acid; 1 tablet every 12 hours
from 48 hours before to 5 days after) were administered periopera-
tively. The first surgery involved sequestrectomy and tooth extrac-
tion under local anesthesia (Fig. 1C).
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FIGURE 1. A, Initial intraoral view: superinfected osteoradionecrosis.
B, Osteoradionecrosis after 7 days medical therapy before first surgery.

C, Residual osteoradionecrosis after first surgery. D, Residual defect before
second surgery (1 month after the first surgery). E, Er:YAG laser debridement
and mobilization of a pedicled buccal fat pad flap for primary closure. F,
Epithelialization of the flap after 15 days. G, Clinical complete resolution 1 year
later. H-I, cone-beam computed tomography (CBCT) preoperative images. L-M,
CBCT postoperative images 1 year later.

The second surgery was performed after 30 days, when the soft
tissue healed sufficiently (Fig. 1D). Under local anesthesia (arti-
caine HCI with 1:100,000 epinephrine) a crestal incision was made
and a mucoperiosteal flap was elevated. Necrotic bone was
removed by Er: YAG laser under continuous irrigation, using
the following parameters: continuous mode; energy, 250 mJ; fre-
quency, 20Hz; and power, SW. Then, a periosteal releasing
incision was made about 10mm from the attached gingiva of
the maxillary second molar. By dissection, the buccal fat pad
was exposed and rotated onto the maxillary defect (Fig. 1E).
The flap was anchored with 4/0 absorbable sutures to the surround-
ing tissue. The sutures were removed 15 days later to avoid flap
dehiscence (Fig. 1F). Home care was continued until complete
healing occurred.

RESULTS

The patient was recalled after 1 week, 15 days, and every 1 month
up to 1 year after the second surgery. Clinical and radiographic
examinations at 12 months revealed complete resolution of ORN
(Fig. 1G) and maxillary sinusitis (Fig. 1L-M).

DISCUSSION

The pathogenesis, staging, and management of ORN have been
widely discussed in the literature. Its treatment, however, remains
controversial, ranging from conservative management with oral
rinses (ie, chlorhexidine, H,O,) and local debridement to radical
resection with microvascular free tissue transfer and reconstruc-
tion, often combined with long-term systemic antibiotic adminis-
tration.'? Hyperbaric oxygen therapy alone seems to be insufficient
to control ORN progression.'*>'* Gevorgyan et al” emphasize the
need for early and aggressive surgical treatment to prevent pro-
gression.

The extent of resection is determined by excising necrotic
bone until a bleeding osseous margin is encountered.” Er: YAG
laser seems to induce more pronounced inflammatory infiltration,
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revascularization, and fibroblastic reaction in the osseous margin
than use of a surgical bur and CO, laser irradiation. The lack of a
“smear layer” may also promote adhesion of blood elements at the
start of healing. Granulation tissue rich in fibroblasts and osteo-
blasts has been noted 7 days after Er: YAG laser debridement."

Gallego et al'® proposed pedicled buccal fat pad flap for treating
BRONI. As other types of flap, pedicled buccal fat pad flap ensures
primary closure, adequate protection, and considerable blood
supply during the initial stage of healing; moreover BFP serves
as a reservoir of adipose-derived stem cells, which can form osteoid
and differentiate into multiple mesodermal lincages.”"'”

In conclusion, the excellent outcome of the case implies that Er:
YAG laser debridement and pedicled buccal fat pad flap are a viable
solution for treating ORN of the posterior maxilla. Further studies
are necessary to confirm the effectiveness of this technique.

REFERENCES

1. Marx RE. Osteoradionecrosis—a new concept of its pathophysiology.
J Oral Maxillofac Surg 1983;41:283-288
2. Marx RE, Johnson RP. Studies in the radiobiology of osteoradionecrosis
and their clinical significance. Oral Surg Oral Med Oral Pathol
1987;64:379-390
3. Chrcanovic BR, Reher P, Sousa AA, et al. Osteoradionecrosis of the
jaws—a current overview—opart 2: dental management and therapeutic
options for treatment. Oral Maxillofac Surg 2010;14:81-95
4. Sasahara G, Koto M, Ikawa H, et al. Effects of the dose-volume
relationship on and risk factors for maxillary osteoradionecrosis after
carbon ion radiotherapy. Radiat Oncol 2014;9:92
5. Zaghi S, Miller M, Blackwell K, et al. Analysis of surgical margins in
cases of mandibular osteoradionecrosis that progress despite extensive
mandible resection and free tissue transfer. Am J Otolaryngol
2012;33:576-580
6. Nguyen MT, Billington A, Habal MB. Osteoradionecrosis of the
skull after radiation therapy for invasive carcinoma. J Craniofac
Surg 2011;22:1677-1681
7. Gevorgyan A, Wong K, Poon I, et al. Osteoradionecrosis of the
mandible: a case series at a single institution. J Otolaryngol Head
Neck Surg 2013;42:46
8. Amin MA, Bailey BM, Swinson B, et al. Use of the buccal fat pad in the
reconstruction and prosthetic rehabilitation of oncological maxillary
defects. Br J Oral Maxillofac Surg 2005;43:148-154
9. Abad-Gallegos M, Figueiredo R, Rodriguez-Baeza A, et al. Use of
Bichat’s buccal fat pad for the sealing of orosinusal communications.
A presentation of 8 cases. Med Oral Patol Oral Cir Bucal 2011;16:
e215-e219
10. Egyedi P. Utilization of the buccal fat pad for closure of oro-antral and/
or oronasal communications. J Maxillofac Surg 1977;5:241-244
11. Vescovi P, Merigo E, Meleti M, et al. Surgical approach and laser
applications in BRONJ osteoporotic and cancer patients. J Osteoporos
2012;2012:585434
12. O’Dell K, Sinha U. Osteoradionecrosis. Oral Maxillofac Surg Clin
North Am 2011;23:455-464
13. Pitak-Arnnop P, Sader R, Dhanuthai K, et al. Management of
osteoradionecrosis of the jaws: an analysis of evidence. Eur J Surg
Oncol 2008;34:1123-1134
14. Wong AK, Schonmeyr BH, Soares MA, et al. Hyperbaric oxygen
inhibits growth but not differentiation of normal and irradiated
osteoblasts. J Craniofac Surg 2008;19:757-765
15. Pourzarandian A, Watanabe H, Aoki A, et al. Histological and TEM
examination of early stages of bone healing after Er:YAG laser
irradiation. Photomed Laser Surg 2004;22:342-350
16. Gallego L, Junquera L, Pelaz A, et al. The use of pedicled buccal
fat pad combined with sequestrectomy in bisphosphonate-related
osteonecrosis of the maxilla. Med Oral Patol Oral Cir Bucal 2012;17:
e236-e241
17. Hicok KC, du Laney TV, Zhou YS, et al. Human adipose-derived adult
stem cells produce osteoid in vivo. Tissue Eng 2011;10:371-380

© 2015 Mutaz B. Habal, MD

A Preliminary Three-
Dimensional Analysis of Nasal
Aesthetics Following Le Fort |
Advancement in Patients With
Cleft Lip and Palate

Edward Davidson, MA, MBBS,” and
Anand R. Kumar, MD, FACS!

Abstract: Nasal aesthetic changes after cleft orthognathic surgery
remain understudied. Previous scarring associated with prior cleft
surgery may affect the predictability of outcomes after jaw surgery.
This study evaluates changes in nasal aesthetics using three-dimen-
sional photography after Le Fort I advancement in patients with
nonsyndromic cleft-related maxillary hypoplasia.

Cephalometric parameters were recorded pre- and postoperatively.
Three-dimensional photogrammetric imaging analyzed changes in
interalar width (IAW), internostril width (INW), nasal tip projection
(NTP), collumelar length (CL), nasal labial angle (NLA), and nasal
length (NL). Statistical significance between pre- and postoperative
data was determined using 7-tests for each parameter.

Eleven patients underwent either single piece Le Fort I osteotomy
and advancement, (3 bilateral, 4 unilateral cleft lip, and palate), or 2-
piece advancement (2 bilateral, 2 unilateral). Average nasal soft tissue
changes were AW 1.9mm (0.4—4.2), INW —0.2 mm (—2.8 to 1.6),
NTP —1.0mm (—4.0t0 2.0), CL —0.7mm (—2.9 to 1.5), NLA —0.2°
(—13.9t0 15.1),andNL —0.7 mm (—4.3to 1.5), (P =10.001, 0.6, 0.08,
0.01, 0.9, 0.2). For single-piece osteotomy alone changes were [AW
2.1mm(0.6—4.1),INW —0.6 mm (—2.8to 1.7), NTP —1.9 mm (—4.0
t00.3), CL —1.2mm (—2.9t00.03), NLA —1.3° (—13.9to 15.0), and
NL —1.1mm (—4.3 t0 0.7), (P =0.007, 0.3, 0.009, 0.0002, 0.7, 0.2).
For 2-piece osteotomy alone changes were IAW 1.6 mm (—0.4 to
3.3), INW 0.5mm (0.4—1.6), NTP 0.5mm (—1.1-2.0), CL 0.2mm
(=1.4t0 1.5), NLA 2.8° (—7.6 to 10.1), and NL —0.1 mm (—1.4 to
1.5), (P=0.2,0.4, 0.5, 0.6, 0.5, 0.9).

Cleft-related scarring and malposition affect changes in nasal
aesthetics following maxillary advancement that are different to
the noncleft population. Two-piece Le Fort I increases variability
of changes in nasal aesthetics compared with single-piece advance-
ment.
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rthognathic surgery, to correct any associated skeletal

deficiencies, and rhinoplasty, to correct any nasal deformity
related to clefting, are vital final steps in comprehensive cleft care.
Orthodontic treatment alone is not sufficient in approximately 20%
to 25% of patients in unilateral cleft conditions to treat any
associated dentofacial skeletal deformities. As such, surgical cor-
rection of the class III malocclusion secondary to maxillary hypo-
plasia with a Le Fort I osteotomy and advancement at skeletal
maturity is necessary.' This may be a 1-piece advancement or a 2-
piece segmented Le Fort I if planned for maxillary expansion,
occlusal plane leveling for open or deep bite correction, or for space
closure after dental extraction in Class II correction.” Despite the
general trend toward operation on the cleft lip nose deformity at the
time of initial lip surgery, secondary surgery to further modify the
nasal shape is often necessary with many patients desiring a more
comprehensive correction in their teen years.?

The interplay of anatomy variables between midface advance-
ment and rhinoplasty is inseparable. Established rationale is that the
treatment of cleft nasal deformity begins with first correcting the
skeletal base under the nose with orthognathic surgery because of the
significant changes to nasal shape after advancement of the
maxilla."? Described secondary changes in the nasolabial region
that have occurred following Le Fort I maxillary advancement
include widening of the alar bases of the nose, upturning of the nasal
tip, flattening and thinning of the upper lip, and downturning of the
commissures of the mouth.*® Yet this traditional teaching of how
midface advancement affects nasal aesthetics is largely based on
studies in noncleft patients. For patients with cleft lip and palate the
question remains as to whether these changes are maintained given
the presence of aberrant anatomy, multiple prior surgical procedures
and associated scarring.

Attempts to investigate soft tissue changes in response to maxil-
lary advancement in patients with clefts have been limited to analysis
of projection in photographs or cephalograms, or have been incon-
clusive in identifying changes in nasal aesthetics. In cephalometric
studies by Kawauchi et al'®'! soft tissue response to maxillary
advancement in cleft lip/palate patients was greater than in noncleft
patients when comparing changes of the lip and nose for a specific
movement of 5 mm maxillary advancement. Hui et al'? also demon-
strated, using cephalometrics, higher soft tissue to hard tissue move-
ment ratios in response to maxillary advancement in cleft
populations. Nonetheless, others using three-dimensional laser scan-
ning have found that, even though surgery resulted in advancement of
the upper lip and para-alar tissues and an increase in the relative
prominence of the nose within the face, Le Fort I failed to correct lack
of nasal projection in patients with clefts.'*'* These authors also
attempted to use laser scanning to define nasal morphology changes
following Le Fort I but found there was significant variation in the
nasal response to maxillary advancement in the cleft patients studied
such that no conclusions could be drawn.'* Similarly, Verzé et al'
have used three-dimensional laser scanning to evaluate facial soft
tissue changes after Le Fort I advancement in patients with cleft lip
and palate and those with nonclefted retrognathic dysplasia. They
identified a decrease in alar base width and an increase in nasolabial
angle following Le Fort I in patients with clefts versus an increase in
alar base and an unchanged nasolabial angle in patients without clefts.
Data, however, was not subjected to rigorous statistical analysis, but
rather arbitrarily based on a difference of 1 mm for linear measure-
ments and of 3 degrees for angular measurements. To address the
limitations of these prior studies, we sought to better evaluate the
changes in nasal tip position, tip rotation, and nostril shape using
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three-dimensional photography after Le Fort I advancement osteo-
tomies in patients with nonsyndromic cleft-related maxillary hypo-
plasia and class III malocclusion.

MATERIALS AND METHODS

Study Design/Population

This was a retrospective evaluation of subjects treated by the
senior author (AK) over a 24-month period. Patients were included as
study subjects if they had a class III skeletal malocclusion related to
nonsyndromic cleft palate, underwent surgical correction via LF1
osteotomy, and had pre- and postoperative cephalometric and three-
dimensional volumetric data for comparison. Noncleft patients,
syndromic cleft patients, and those with incomplete records were
excluded. The project was reviewed and sanctioned by the institu-
tional review board for human studies at the Children’s Hospital of
Pittsburgh (PRO13010106).

Surgical Technique

Patients were treated in the dedicated craniofacial operating room
suites under general nasotracheal anesthesia and prepped and draped
in the customary fashion. A standard maxillary upper sulcus incision
was used with a V-shaped extension anteriorly at the level of the
frenulum. The maxilla was then fully degloved in the sub-periosteal
plane to identify the bilateral nasal maxillary and the zygomatic
maxillary buttresses. Next, after dissection of the pterygoid but-
tresses, a Le Fort I level osteotomy was then marked and then cut
with a reciprocating saw. The pterygomaxillary buttresses were then
osteotomized using a Kawamoto osteotome followed by mobilization
of the Le Fort I segment after down fracture into a more advanced
position. The patient was placed in a prefabricated splint and put in
intermaxillary fixation with elastics. Posterior interferences were
then taken down and then the cup of jaw was then placed into its
new advancement position using a surgical splint and elastic inter-
maxillary fixation. Subsequently, 1.5 mm KLS Martin plates were
then custom bent in an L fashion and placed with 2 screws on either
side of the osteotomy on the nasomaxillary and zygomaticomaxillary
buttresses bilaterally. After this, the patient was then released from
intermaxillary fixation and the bite checked for centric relation and
occlusion. A synch stitch was then placed with 3—0 nylon suture to
control alar base width. Next, the lip was then closed using a 1 cm V-
to-Y advancement at the central lip/frenulum area. Then, the upper
maxillary sulcus incision was then approximated using a combination
of interrupted 4—0 Vicryl and running 4—0 Vicryl sutures. For multi-
segment procedures, the maxilla was segmented in the region of the
prior cleft bone graft repair after down fracture. The segmented
maxilla was then fully advanced, placed into intermaxillary fixation
using a prefabricated splint, and then stabilized using a 1.5 mm
transverse plate across the alveolar ridge and secured with multiple
5Smm, 1.5 mm screws. After release from intermaxillary fixation, the
procedure was then completed in a similar fashion to a 1-piece
unsegmented Le Fort I procedure.

Data Collection and Analysis

Cephalometric parameters were recorded pre- and postopera-
tively (overjet, overbite, soft tissue advancement). Three-dimen-
sional photogrammetric imaging (Vectra XT Imaging System;
Canfield Scientific, Inc., Fairfield, NJ) analyzed changes in nasal
interalar width (IAW), internostril width (INW), nasal tip projection
(NTP), columelar length (CL), nasal labial angle (NLA), and nasal
length (NL) (Fig. 1). Data was analyzed collectively for the entire
cohort of patients as well as in subgroup analysis for 1-piece and 2-
piece Le Fort I procedures. Statistical significance between pre- and
postoperative data was determined using 7-tests for each parameter.
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Internostril width (INW)

Nasal interalar width (IAW)

Nasal tip projection (NTP)

Nasal labial angle (NLA)

Nasal length (NL)

FIGURE 1. Parameters of nasal aesthetics measured: IAW, INW, NTP, CL, NLA,
and NL. IAW, nasal interalar width; INW, internostril width; NTP, nasal tip
projection; CL, columelar length; NLA, nasal labial angle; NL, nasal length.

RESULTS

Eleven patients underwent either single piece Le Fort I osteotomy and
advancement, (3 bilateral, 4 unilateral cleft lip and palate), or 2-piece
advancement (2 bilateral, 2 unilateral). Average age at orthognathic
surgery was 18.1 years. Average three-dimensional photographic
follow-up was 5.1 months. The average cephalometric advancement
at maxilla central incisor edge was 6.4 mm. There was no significant
difference in age at surgery, follow up, or cephalometric advance-
ment between single- and 2-piece osteotomy.

For all data, when single-piece osteotomy and 2-piece osteotomy
procedures are all included, the mean nasal soft tissue changes were
TAW 1.9mm (0.4-4.2),INW —0.2 mm (—2.8 to 1.6), NTP — 1.0 mm
(—4.0t02.0),CL —0.7mm (—2.9t0 1.5),NLA —0.2°(—13.9t0 15.1),
and NL —0.7mm (—4.3 to 1.5), (P =0.001, 0.6, 0.08, 0.01, 0.9, 0.2).
Thus a statistically significant increase in interalar width of mean
1.9mm (P=0.001) and a statistically significant decrease in colu-
mellar length of mean 0.7 mm (P = 0.01) was seen following Le Fort I
advancement osteotomies in patients with nonsyndromic cleft-related
maxillary hypoplasia with no other significant effect on other
parameters of nasal aesthetics measured.

In subgroup analysis of single-piece osteotomy alone changes
were IAW 2.1mm (0.6—4.1), INW —0.6mm (—2.8 to 1.7), NTP
—1.9mm (—4.0 to 0.3), CL —1.2mm (—2.9 to 0.03), NLA —1.3°
(—=13.9 to 15.0), and NL —1.1mm (—4.3 to 0.7), (P =0.007, 0.3,
0.009, 0.0002, 0.7, 0.2). Thus a statistically significant increase in
interalar width of mean 2.1 mm (P =0.007), a statistically signifi-
cant decrease in internasal width of mean 0.6 mm (P = 0.009), and a
statistically significant decrease in columellar length of mean
0.7mm (P=0.01) was seen following single-piece Le Fort I
advancement osteotomies in patients with nonsyndromic cleft-
related maxillary hypoplasia with no other significant effect on
other parameters of nasal aesthetics measured.

In subgroup analysis of 2-piece osteotomy alone changes were
TAW 1.6 mm (—0.4 to 3.3), INW 0.5mm (0.4—1.6), NTP 0.5 mm
(—1.1t0 2.0), CL 0.2mm (—1.4 to 1.5), NLA 2.8° (—7.6 to 10.1),
and NL —0.1mm (—1.4 to 1.5), (P=0.2, 0.4, 0.5, 0.6, 0.5, 0.9).
Thus Le Fort I 2-piece advancement osteotomies in patients with
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FIGURE 2. Changes in nasal aesthetics: nasal interalar width (all data: 1.9 mm
(0.4-4.2), P=0.001; 1-piece: 2.1 mm (0.6-4.1), P=0.007; 2-piece: 1.6 mm
(—0.4 to 3.3), P=0.2). Internostril width (all data: —0.2mm (—2.8 to 1.6),
P=0.001; 1-piece: —0.6 mm (—2.8 to 1.7), P=0.3; 2-piece: 0.5 mm (0.4-1.6),
P=0.4). Nasal tip projection (all data: —1.0mm (—4.0 to 2.0), P=0.08;
1-piece: —1.9mm (—4.0 to 0.3), P=0.009; 2-piece: 0.5mm (-1.1 to 2.0),
P=0.5). Columelar length (all data: —0.7 mm (—2.9 to 1.5), P=0.01; 1-piece:
—1.2mm (-2.9 to 0.03), P=0.002; 2-piece: 0.2mm (—1.4 to 1.5), P=0.6).
Nasal labial angle (all data: —0.2° (—13.9 to 15.1), P=0.9; 1-piece: —1.3°
(-13.9t015.0), P=0.7; 2-piece: 2.8° (—7.6 to 10.1), P=0.5). Nasal length (all
data: —0.7mm (—4.3to 1.5), P=0.2; 1-piece: —1.1mm (-4.3t00.7), P=0.2;
2-piece: —0.1Tmm (—1.4 to 1.5), P=0.9).

nonsyndromic cleft-related maxillary had no statistically significant
effect on parameters of nasal aesthetics measured. (Fig. 2)

DISCUSSION

In the unilateral cleft nasal deformity, the maxilla is laterally dis-
placed and hypoplastic, resulting in lateral, inferior and posteriorly
displaced ala. There is loss of nasal tip definition, obliquity of the alar
facial angle, and septal deviation. For the bilateral deformity the
premacxilla also distorts the columella, there is alar lidding, presence
of a plica vestibularis, and loss of tip projection.>'®~'® Despite repair
of the nose at the time of primary lip surgery, secondary compre-
hensive septorhinoplasty is often necessary at skeletal maturity to
treat any residual nasal deformity that is worsened by maxillary
hypoplasia.

The need for orthognathic surgery in patients with cleft lip and
palate reported in the literature is variable up to 50% in bilateral
patients.'> For those patients with dentofacial deformities that
require Le Fort I maxillary advancement for optimal treatment,
the changes in nasal aesthetics as described in the noncleft popu-
lation including increased interalar width, increased internostril
width, increased collumelar length, and increased nasal labial angle
may not be applicable.* The current study sought to evaluate and
identify clinically significant changes in nasal aesthetics in patients
with nonsyndromic cleft lip and palate maxillary hypoplasia and
class III malocclusion undergoing Le Fort I for complete dentofa-
cial correction and compare those changes to existing noncleft nasal
changes after maxillary advancement reported outcomes (Table 1).

TABLE 1. Changes in Nasal Aesthetics Following Le Fort | Advancement

9

Cleft Population Noncleft Population®*~

Nasal interalar width Increased Increased

Internostril width Decreased/no change Increased

Nasal tip projection Decreased/no change Increased/no change

Columellar length Decreased No change
Nasal labial angle No change Increased
Nasal length No change No change
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Interalar width (IAW) is the distance from subalare, the alar
base, on one side to that on the other. A wide interalar distance is a
hallmark of the cleft nasal deformity which can persist even after
primary surgical repair.2® In the noncleft population an increase in
interalar width is the most consistently reliable effect of Le Fort I
advancement on nasal aesthetics.* ! In fact, the base of the nose
is usually widened in all patients regardless of the vector of
surgical maxillary movement.” In the noncleft population Betts
et al” found that narrow noses widened more than did broad noses
following maxillary movement. Given the propensity for a broad
nose in the cleft population, a decrease in relative widening of the
alar bases for patients in our study may be expected. All patients
undergoing single piece Le Fort I advancement in our study
demonstrated an increase in interalar width and all but 1 patient
undergoing 2-piece advancement also demonstrated an increase in
interalar width. One patient that did not demonstrate an increase
was essentially unchanged, measured at a decrease of 0.4 mm.
Notably, this patient was had the second widest nose of our cohort
preoperatively (38 mm). Furthermore, the greatest increase in
interalar width (4.1 mm) was seen in a patient with amongst
the narrowest preoperative interalar width (35 mm). Our sample
size, however, is insufficient to reliably delineate a true signifi-
cant trend in extent of alar change as a measure of preoperative
interalar width. Nor can we decipher whether the relative changes
seen are more or less pronounced than that in the noncleft
population.

Internostril width represents the width of the columella and is
the distance of subnasale, the base of the columella, on one side to
that on the other. This, like interalar width, is routinely widened in
the noncleft population following Le Fort I advancement. This
finding was not replicated in our study of Le Fort I advancement in
patients with a history of cleft palate. In fact, no statistical change
was seen for this parameter when considering our cohort as a
whole, nor in subgroup analyses of 1-piece and 2-piece procedures.
In fact, for 7 out of 11 patients, the internasal width decreased,
albeit by mostly small increments. One might speculate that this
phenomenon is related to the interplay between scar tissue result-
ing from prior cleft lip/nose repair surgery, the pliability of this,
propensity for this to contract or recoil and the undermining or
release from adjacent tissue in dissection for maxillary advance-
ment that may be contributing counteracting tension. It would be
interesting to ascertain whether bilateral versus unilateral cleft
aetiology or method of primary cleft lip/nose repair (ie, Mohler,
Millard, etc.) differentially affected this, though again investi-
gation of this is limited by our sample size.

Nasal tip projection, measured from subnasale, base of colu-
mella, to pronasale, the anterior most point or the nose, was
described to either be unchanged or increased by Le Fort I
maxillary advancement in studies in those without history of
clefting. Again, and arguably for the same reasons outlined above
for lack of reliable increase in internasal/columellar width, that is,
columellar scarring and differences in interplay between any scar
and adjacent supporting tissue, no consistent increase was seen
with Le Fort [ advancement in our cleft population. Rather, 9 out of
11 patients showed a decrease.

Collumelar length, measured from columellar base to height, as
one might expect therefore given the observations of columellar
with and nasal tip projection, though usually not changed by Le fort
I advancement in the noncleft population, demonstrated a statisti-
cally significant decrease in our study population as a whole and in
subgroup analysis of single piece advancements. This relationship
was not maintained in 2-piece procedures where most showed
minimal change, minimal increase or minimal decrease such that
no trend could be observed. Data presented here reflect means of
both sides of the columellar for bilateral and means of columellar
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length of the affected side as well as columellar length of the
unaffected side in unilateral clefts. Our data did not demonstrate a
difference between columaellar length on the affected versus non-
affected side in unilateral clefts.

Nasal labial angle; that subtended by the points of subnasale,
pronasale, and labiale superius (the midpoint of the upper lip)
showed the greatest variation in our study population of any
parameter measured. Hence, why there was no statistically sig-
nificant trend towards an increase as seen in noncleft patients. Out
of 11, 5 patients did show the expectant increase in angle seen in
those without clefts, but 6 did not and this seems to be irrespective
of the preoperative nasal labial angle acuity. As well as the
aforementioned contributory role of postsurgical scarring, perhaps
there is a contribution for the variation in nasal labial angle change
from the degree of pre-existing three-dimensional malposition
of anatomy.

Nasal length, the distance from nasion to pronasale was not
changed by Le Fort I advancement in our study. This mirrors the
stability of nasal length following maxillary advancement in
noncleft populations. Measured changes in our study population
were less than 2 mm, and hence not likely practically noticeable, in
9 out of 11 patients.

The key limitation of this study is the sample size. Our sample
size is insufficient to determine whether greater changes in nasal
aesthetics parameters are seen with greater maxillary advancement,
for example. The small cohort is also prohibitory in performing
meaningful subgroup analysis of the impact on our findings of cleft
etiology, that is, bilateral versus unilateral, cleft lip and palate
versus isolated cleft lip or isolated cleft palate, and extent of cleft by
Veau classification, all of which we did not distinguish. A further
limitation is that our follow up renders us unable to comment on the
longevity of these findings and the potential for relapse to pre
surgical values. A prospective study with more patients and longer
follow-up to define these observations is needed.

Despite these limitations, the results of our study indicate that
the increase in interalar width seen following maxillary advance-
ment in the noncleft population is maintained in those with clefts.
Our study, however, failed to replicate the increase in internostril
distance, the increase in nasaolabial angle or the increase in nasal
tip projection. This difference may be related to many variables
including the significant scaring in the lip and nasal regions from
multiple prior procedures but causality remains to be definitively
proven.

Our study noted that 2-piece Le Fort I increases the variability of
changes in nasal aesthetics in all parameters compared with single-
piece advancement, hence the lack of any statistically significant
changes in this sub-group analysis. Although this study is limited by
the small sample size and relatively short-term follow-up, it holds
clinical significance in that midface advancement alone cannot be
relied upon to reliable effect desired changes in nasal aesthetics as
seen in the noncleft patient populations after maxillary advancement.
Rather, these patients will need definitive septorhinoplasty which,
given this lack of change, could potentially be performed concomi-
tantly with orthognathic surgery in contrast to the traditional teaching
of staged procedures.

CONCLUSIONS

Prior cleft-related surgery with secondary nasal scarring and associ-
ated malposition affect changes in nasal aesthetics following
maxillary advancement. Patients with cleft lip and palate demon-
strate a predictable increase in interalar width and decrease in
columellar length as well as a trend to decrease nasal tip projection
following Le Fort I osteotomy. Segmentation of Le Fort I osteotomy
into two pieces increases the variability of changes in nasal
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aesthetics and therefore predictability of outcomes when compared
with single-piece advancement.

ACKNOWLEDGMENTS

The authors acknowledge Lino F. Miele, MD MS and Oluwaseun A.
Adetayo, MD for their preliminary work with preliminary data
gathering with this investigation.

REFERENCES

1. Kumar A, Gabbay JS, Nikjoo R, et al. Improved outcomes in cleft
patients with severe maxillary deficiency after Le Fort I internal
distraction. Plast Reconst Surg 2006;117:1499-1509

2. Erbe M, Stoelinga PJW, Leenen RJ. Long-term results of segmental
repositioning of the maxilla in cleft palate patients without previously
grafted alveolo-palatal clefts. J Craniomaxillofac Surg 1996;24:109-117

3. Stal S, Hollier L. Correction of secondary deformities of the cleft lip
nose. Plast Reconst Surg 2002;109:1386-1394

4. Mansour S, Burstone C, Legan H. An evaluation of soft-tissue changes
resulting from Le Fort I maxillary surgery. Am J Orthod 1983;84:37-47

5. Rosen HM. Lip-nasal aesthetics following Le Fort I osteotomy. Plast
Reconst Surg 1988;81:171-179

6. O’RyanF, Schendel S. Nasal anatomy and maxillary surgery. I. Esthetic and
anatomic principles. Int J Adult Orthodon Orthognath Surg 1988;4:27-37

7. Betts NJ, Vig KW, Vig P, et al. Changes in the nasal and labial soft
tissues after surgical repositioning of the maxilla. Int J Adult Orthodon
Orthognath Surg 1992;8:7-23

8. Ryckman MS, Harrison S, Oliver D, et al. Soft-tissue changes after
maxillomandibular advancement surgery assessed with cone-beam
computed tomography. Am J Orthodon Dentofacial Orthop
2010;137:S86-S93

9. Honrado CP, Lee S, Bloomquist DS, et al. Quantitative assessment of
nasal changes after maxillomandibular surgery using a 3-dimensional
digital imaging system. Arch Facial Plast Surg 2006;8:26-35

10. Kawauchi M, Sachdeva R, Bossolla E, Mitani H, Wolford LM. Frontal
and lateral changes in lip and chin morphology as a result of
orthognathic surgery. Abstract presented at ADDR Annual Meeting
Boston, MA: March 811, 1992.

11. Kawauchi M, Sachdeva R, Bossolla E, Vahadi A, Wolford LM. Nasal
dimensional changes in response to maxillary surgery in the lateral and
frontal perspective. Abstract presented at ADDR Annual Meeting
Boston, MA: March 8-11, 1992.

12. Hui E, Hdgg EUO, Tideman H. Soft tissue changes following maxillary
osteotomies in cleft lip and palate and non-cleft patients. J
Craniomaxillofac Surg 1994;22:182-186

13. McCance AM, Moss JP, Fright WR, et al. Three-dimensional analysis
techniques-Part 1: three-dimensional soft-tissue analysis of 24 adult
cleft palate patients following Le Fort I maxillary advancement: a
preliminary report. Cleft Palate Craniofac J 1997;34:36—45

14. Stewart A, McCance AM, James DR, et al. Three-dimensional nasal
changes following maxillary advancement in cleft patients. Int J Oral
Maxillofac Surg 1996;25:171-177

15. Verzé L, Bianchi FA, Ramieri G. Three-dimensional laser scanner
evaluation of facial soft tissue changes after Le Fort I advancement
and rhinoplasty surgery: patients with cleft lip and palate vs patients
with nonclefted maxillary retrognathic dysplasia (control group). Oral
Surg Oral Med Oral Pathol Oral Radiol 2014;117:416-423

16. Maull DJ, Grayson BH, Cutting CB, et al. Long-term effects of
nasoalveolar molding on three-dimensional nasal shape in unilateral
clefts. Cleft Palate Craniofac J 1999;36:391

17. McCollough EG, Mangap D. Systematic approach to correction of the
nasal tip in rhinoplasty. Arch Otolaryngol 1981;107:12

18. Mulliken JB. Repair of bilateral complete cleft lip and nasal deformity:
state of the art. Cleft Palate Craniofac J 2000;37:342

19. Daskalogiannakis J, Mehta M. The need for orthognathic surgery in
patients with repaired complete unilateral and complete bilateral cleft
lip and palate. Cleft Palate Craniofac J 2009;46:498-502

20. Fisher DM, Lo LJ, Chen YR, et al. Three-dimensional computed
tomographic analysis of the primary nasal deformity in 3-month-old
infants with complete unilateral cleft lip and palate. Plast Reconst Surg
1999;103:1826-1834

© 2015 Mutaz B. Habal, MD

Clinical and Radiologic
Characteristics of Inferior Rectus
Muscle Sheath Entrapment in

Orbital Blowout Fracture

Abbas Bagheri, MD, Mehdi Tavakoli, MD, FICO,
Keivan Khosravifard, MD, and Shahin Yazdani, MD

Abstract: Blowout fracture is a common condition in the oculo-
plastics clinic. One of the indications for its repair is entrapment of
the inferior rectus muscle within the fracture site. Herein, the
authors present 3 patients of inferior rectus muscle sheath entrap-
ment without entrapment of the muscle itself. The outcome of
treatment was excellent in all patients. The aim of this report is to
present the special clinical and radiologic findings in such patients.

Key Words: Blowout fracture, inferior rectus, muscle entrapment,
muscle sheath

lowout fracture is a common condition faced by oculoplastic

surgeons. The most common sites of fracture are the orbital floor
and medial wall.! Orbital wall fractures most frequently occur in men,
most commonly in the third decade of life. Orbital fractures are
associated with other injuries, including other facial fractures and eye
trauma in 70% of patients; damage rarely occurs in isolation.*
Imaging, especially computed tomography (CT) scan is required
for evaluation of orbital fractures and demonstrates the characteristics
of the injury, including size and location of the fracture and also
entrapment of orbital tissues within the fracture.* Entrapment of the
inferior rectus muscle in the fracture site is a common event in such
fractures and also an indication for early surgical repair, however,
entrapment of the muscle sheath and perimuscular soft tissues within
the fracture has not ever been described.

Herein, we present 3 patients with blowout orbital fractures
accompanied by entrapment of inferior rectus perimuscular fascia
and muscle sheath sparing of the bulk of the muscle. The aim of this
report is to present the special clinical and radiologic findings of this
condition and describe outcomes of treatment.

PATIENT 1

A 45-year-old man was presented 3 weeks after a car accident
complaining of diplopia. Visual acuity was 20/20 in both eyes.
Biomicroscopic examinations of the anterior segment and fundus
examination were normal. Exophthalmometry revealed 3 mm of
enophthalmos in his left eye. In straight gaze, the left eye had
hypotropia, mild ptosis and a deep superior sulcus (Fig. 1A) and
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FIGURE 1. Patient 1, A, Appearance of the patient before surgery in primary
gaze. B, Patient before surgery in upgaze. C, Coronal orbital CT scan showing
the orbital floor fracture (arrow) without muscle entrapment. D, Coronal orbital
MRI showing muscle rounding (arrow) without entrapment. E, The patient after
surgery in primary gaze. F, Appearance of the patient after surgery in upgaze.
CT, computed tomography; MRI, magnetic resonance imaging.

there was mild limitation in upward gaze (Fig. 1B). The patient had
vertical diplopia, which was corrected with a 14 PD base up prism in
front of the left eye. Forced duction test for elevation of the left eye
was mildly positive.

Orbital floor fracture was observed on the coronal CT scan
(Fig. 1C, arrow) with no sign of inferior rectus muscle entrapment.
Magnetic resonance imaging (MRI) revealed roundness of the
inferior rectus muscle (Fig. 1D). During surgery, muscle sheath
entrapment with no impingement of the inferior rectus muscle itself
was evident. The inferior rectus sheath was released and the
maxillary bone fracture was repaired with a Medpor plate of
1.6mm thickness (Porex Surgical Inc., College Park, GA). At
the end of the surgery, forced duction test was negative.

Diplopia in primary gaze improved the day after surgery, and
pseudoptosis and deep superior sulcus were also relieved. One
month after surgery, diplopia had resolved and ocular movements
were full in all gazes (Fig. 1E-F). Three months after surgery,
exophthalmometric readings of both eyes were equal and during 8
years of follow-up, his condition was stable.

PATIENT 2

A 14-year-old boy was referred because of reduced vision and
diplopia of 2 weeks’ duration after his left eye was hit by his knee
during exercise.

In ophthalmic examination, visual acuity was 20/20 in the right
eye and 20/30 in the left eye. Subconjunctival hemorrhage
was evident in his left eye. In biomicroscopic examination,
microscopic hyphema was present in the anterior chamber of
the left eye and 3 sites of iris sphincter rupture were also noted.
Intraocular pressure was normal and posterior segment examin-
ation was unremarkable.

The left eye was hypotropic in primary position, which was
corrected with an 8 PD base up prism in front of the left eye. There
was a mild limitation in upward gaze but no limitation in downward
gaze (Fig. 2A-C). Exophthalmometry, revealed 2 mm of enophthal-
mos in his left eye. Forced duction test for elevation of the left eye
was mildly positive.

Fracture of the left orbital floor with entrapment of soft tissues
was demonstrated in the coronal view of CT scan (Fig. 2D). In
addition it was noted that the inferior rectus muscle has changed
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FIGURE 2. Patient 2, A, Appearance of the patient before surgery in upgaze.
B, Appearance of primary position before surgery. C, Downgaze before surgery.
D-F, Coronal orbital CT scan in different levels showing orbital floor fracture and
air in the orbit together with muscle rounding without entrapment. G, Patient’s
appearance after surgery in upgaze. H, The patient after surgery in primary
gaze. |, Downgaze after surgery. CT, computed tomography.

from its normal flat configuration to a round shape in these sections
but it was not grossly entrapped (Fig. 2E-F).

Orbital floor repair surgery was performed via a subciliary
incision. After exposure of the orbital floor fracture, there was no
evidence of inferior rectus muscle entrapment and the entrapped
soft tissues were easily released and forced duction test changed
to negative. The fracture was repaired with a Medpor plate with
1.6 mm thickness.

The day after surgery, the patient did not complain of diplopia in
primary position. Two months following surgery, no enophthalmos
was detected and the eyes were aligned (Fig. 2H). In addition,
limitation in upward gaze was resolved (Fig. 2G) and there was no
limitation in downgaze (Fig. 2I). He was stable after 3 years of
follow up.

PATIENT 3

A 10-year-old boy was presented with double vision and abnormal
eye movements since 4 weeks ago following a car accident injury.
Visual acuity was 20/20 in both eyes and biomicroscopic examin-
ation and funduscopy were unremarkable. A significant chin up
posture was evident (Fig. 3D) and there was right hypotropia of 10
PD and moderate limitation of elevation and no limitation in
depression in the right eye (Fig. 3A-C). Exophthalmometry values
were equal in 2 eyes.

Orbital CT scan demonstrated a trap door orbital floor fracture,
perimuscular soft tissue involvement, and rounding of the inferior
rectus muscle on related sections (Fig. 3E-F). Forced duction test
was performed after the patient was anesthetized in the operating

FIGURE 3. Patient 3, A, Patient’s appearance before surgery in upgaze.

B, Patient before surgery in primary position. C, Patient before surgery in
downgaze. D, Chin up posture before surgery. E-F, Coronal orbital CT scan in 2
levels showing the trapdoor floor fracture and muscle rounding without
entrapment. G, Patient after surgery in upgaze. H, Patient after surgery in
primary gaze. |, Patient after surgery in downgaze. CT, computed tomography.
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room and showed mild limitation in upward gaze. Orbital explora-
tion was performed through a transconjuctival incision. Perimus-
cular soft tissue was found to be entrapped within the fracture site,
which was released easily and subsequently forced duction was
free. A 1 mm orbital Medpor sheet was placed over the fracture site.

Two weeks after the operation, diplopia was completely relieved
and right eye movements were perfect (Fig. 3G-I). He remained
normal and free of symptoms after 1-year follow-up.

DISCUSSION

Inferior rectus muscle entrapment is a well-known complication of
orbital blowout fractures, but entrapment of inferior rectus sheath
and perimuscular fascia without involvement of the muscle itself,
has not ever been described.

Enophthalmos is a prominent clinical presentation in many
patients with blowout fractures and is related to orbital volume
expansion and herniation of orbital contents into adjacent spaces.’
Enophthalmos in our patients was mild probably because of mini-
mal involvement of orbital soft tissues.

Other important preoperative findings in our patients included
mild to moderate limitation of upward gaze, slight positivity of the
forced duction test, and lack of significant downward limitation.
Extraocular movement limitations usually result from muscle
entrapment, muscle injury, nerve damage, and incarceration of
the soft tissues adjacent to the muscles.® Patients with inferior
rectus muscle entrapment demonstrate hypotropia in primary gaze
accompanied by limitation of upgaze above the midline and sig-
nificant positive forced duction test.” Even though our patients
experienced hypotropia of the involved eyes in primary position,
upward gaze restriction was modest and forced duction test was
only slightly positive, which confirm the lack of entrapment of the
muscle belly. In addition, intact downward rotation of eyes suggests
lack of significant trauma to the inferior rectus muscle.

An interesting radiologic finding noted on CT scan of all 3
subjects was rounding of the Inferior rectus muscle section, which
may be the result of traction from the incarcerated perimuscular
tissues on the muscle belly. Some authors have proposed that
disruption of the orbital periosteum and subsequent soft tissue
herniation can cause a change in the position and resting shape
of extraocular muscles. In addition, rounding of the inferior rectus
muscle section may be a predictor of traumatic enophthalmos.®’
Suggested mechanisms of rounding of the inferior rectus muscle
section include intramuscular hemorrhage and edema, loss of
orbital bone and soft tissue support, the effect from gravity, and
muscle foreshortening after retro-displacement of the globe.'”

In a survey of patients with blowout fractures, Gilbard et al
classified the patients, according to the position of the inferior
rectus muscle in relation to the fracture site. They found 3 distinct
categories of fractures. In the first group (termed ““free”) the muscle
was not continuous with any bone density. In the second group
(termed “hooked”), the inferior rectus was in continuity with bone
along one side, leaving the majority of the muscle continuous only
with soft tissue or fat densities. In the third group, the muscle was
entrapped by bone both nasally and temporally.'" Clinical and
radiologic findings of our patients are compatible with the second
(hooked) group of Gilbard’s classification. He believed that diplo-
pia and positive FDT are found in all patients in the hooked group at
presentation; however, these findings will resolve within 1 month in
all subjects and therefore suggested that these patients be treated
conservatively. In contrast to this recommendation, diplopia, move-
ment limitation and positive FDT did not resolve in our patients
spontaneously and all of them required surgical intervention.

The significant intraoperative finding was that despite a time
interval of a few weeks since the incident, entrapped tissues were

© 2015 Mutaz B. Habal, MD

released easily and forced duction became completely negative.
This is in contrast with patients in whom muscle tissue entrapment
is present and the results of surgery are not as favorable. Full
recovery of diplopia and upward limitation of movement after
surgery without inducing limitation in down gaze were noticeable
postoperative findings in all of our patients. This also indicates the
absence of inferior rectus muscle manipulation during surgery.

In conclusion perimuscular fascia and muscle sheath entrapment
sparing the muscle belly is a rare form of blowout fracture that
causes diplopia with special clinical and radiographic presentations.
Preoperative identification of these patients may have prognostic
significance for surgery and final outcomes.
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Analysis of Long-Term Prognosis
and Prognostic Predictors in
Severe Brain Injury Patients
Undergoing Decompressive
Craniectomy and Standard Care

Peng Yu, MD, 1t Qilong Tian, MD, Xiaolong Wen,
MD, Zhifei Zhang, MD,*™ and Rongcai Jiang, PhD*t

Abstract: Decompressive craniectomy (DC) is widely used to treat
acute subdural haematoma and hemispheric swelling following
traumatic brain injury (TBI). The therapeutic effect of DC on severe
TBI treatment is still controversial. The aim of our study was to
evaluate effectiveness of DC treatment and seek some prognostic
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predictors. According to the therapy method, we divided the patients
into 2 groups: DC group and standard care group. Between 2010 and
2014, a total number of 223 severe TBI patients, containing 112
patients undergoing DC and 111 patients undergoing standard care,
were enrolled into the study according to Glasgow Coma Scale
(GCS). The long-term prognosis was evaluated by Extended Glasgow
Outcome Scale 12 months after discharging from hospital. We used
univariate analysis and receiver operating characteristic curves to
explore prognostic predictors. The results showed that patients in the
DC group had a lower mortality, but there was no statistical signifi-
cance in long-term prognosis between these 2 groups. It seemed that
admission GCS, platelet, neutrophile granulocyte, total protein, and
albumin were associated with long-term prognosis in DC group and
reactivity of pupils in standard care group. Simultaneously, using the
multivariable logistic regression model, we confirmed that admission
GCS and albumin were independent prognostic predictors for patients
undergoing DC, and reactivity of pupils for those undergoing stan-
dard care. Our data suggested that DC was an effective therapy for
severe TBI patients in reducing mortality, but it failed to improve
long-term prognosis. Through our study, we could comprehend the
characteristics of the 2 treatments and provide more scientific
individuation therapy for severe TBI patients.

Key Words: Decompressive craniectomy, long-term prognosis,
prognostic predictors, traumatic brain injury

n developing countries, the incidence of traumatic brain injury

(TBI) is rapidly rising. In some countries, one in every 200
families suffers from severe TBI. The mortality of severe TBI is
decreasing in recent years, but survivors face a lower life expect-
ancy than the general population.! The dynamic pathophysiolo-
gical process of TBI included 2 stages: the primary injury and the
secondary injury. Brain oedema is the most vital component of the
secondary injury which will increase intracranial pressure (ICP)
and reduce cerebral perfusion. A series of physiological changes
following brain oedema give rise to unfavourable prognosis.
Even though, medical and surgical therapies are performed to
minimize brain injury, the management of TBI remains a major
public health problem at the present time.

Decompressive craniectomy (DC), as an effective surgical
management of reducing intracranial pressure, has been recom-
mended as a second-tier treatment for intracranial hypertension
in severe TBI and also frequently undertaken for acute subdural
haematoma, severe contusions, and unihemispheric swelling
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after TBI. Although DC is conformed to be one of the most
effective treatments in reducing ICP,® the study of Cooper®
showed that the DC group may be associated with a worse
functional outcome than the standard care group. This trial
was of high quality. However, the evidences of the study were
insufficient, and the reasons are as follows. The definition of
thresholds for medically refractory intracranial hypertension was
uncertain. The study was difficult to generalize all patients with
severe nonpenetrating TBI. More patients in DC group than
patients in standard care group had fixed or dilated pupils that
may affect the results. Bilateral craniectomy performed in the
trial was associated with a higher complication rate. The time
interval from the head injury to subsequent surgery was too long.
Therefore, the effect of DC in severe TBI is still indeterminacy.

Hence, we retrospectively enrolled severe TBI patients to assess
the therapeutic effect and meanwhile prolonged the revisit time to
12 months after discharging from hospital and added some new
valuation indicators such as the cerebral mass lesion of patients. We
also analyzed the prognostic predictors which may provide us with
another avenue to re-recognize the DC treatment for severe TBI patients.

METHODS

Patient Eligibility

From January 2010 to April 2014, we retrospectively collected a
total number of 1780 adults with TBI in Tianjin Medical University
General Hospital, China. Men and nonpregnant women were
enrolled into the trial if they were between the ages of 18 and
59 years and had a severe traumatic brain injury defined as a score
of 3 to 8 on Glasgow Coma Scale (GCS). Patients were excluded if
they had dilated pupils, spinal cord injury, or cardiac arrest on
admission or had dyskinesia before injury. Data collection and
analysis were approved by the ethics committee of Tianjin Medical
University. An informed consent was signed by each patient or
patient’s legal representative before enrollment.

Data Collection

Data collection was performed retrospectively from review
of medical charts and a database. Patients were recruited from this
database on the basis of diagnoses. All patients were reviewed on
the basis of medical files, laboratory test results (in acute period
about 2-3 days), operation reports, intensive care nursing records.
Relatives of patients were also contacted to obtain missing data,
especially concerning the long-term prognosis or for patients living
far from the hospital. Demographic data of the patient’s age, sex,
etc. were recorded, and hospital data including the GCS on admis-
sion, the presence of unilateral or bilateral reactive pupils, etc. were
also recorded. All initial imaging examinations were reviewed with
description of the lesions.

Medical Treatment

DC was performed to remove the skull, depending on the
location and volume of hematoma (supratentorial ICH >30
mL). The volume of hematoma was calculated through computed
tomography (CT) scan. The choice of therapeutic schemes was
dependent on the needs of patients’ relatives and the condition of
patients. Therapeutic schemes including head elevation, sedation,
hyperosmolar therapy (using 20% mannitol every 6 hours or every
8 hours), cerebral spinal fluid (CSF) drainage (insertion of a
catheter through a ventriculostomy into the anterior horn of one
of the ventricles) adopted to keep intracranial pressure below
20 mm Hg. Patients in standard care group were cured following
by clinical practice guidelines® recommended by the Brain Trauma
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Foundation, and hyperosmolar therapy was performed based on
imaging and clinical examination.

Prognosis Measures

The revisit was implemented by telephone after patient dischar-
ging from hospital until 12 months. The original primary prognostic
indicators were mortality and the proportion of patients with an
unfavorable prognosis, a component of death, a vegetative state or
severe disability (a score of 1-4 on the Extended Glasgow Outcome
Scale) assessed with the use of a structured, validated telephone
questionnaire.6 Extended Glasgow Outcome Scale (GOSE) ranges
from 1 to 8, with lower scores indicating a poorer functional
outcome. Secondary outcomes were the numbers of days in the
ICU and the hospital, the days of mechanical ventilation. All
assessments of GCS and GOSE were operated by 2 neurosurgeons
separately.

Statistical Analysis

Shapiro—Wilk test was used to evaluate whether data fit the
normal distribution. According to the type of variables, the clinic
information of the patients was presented as number (%), means +
SD, or median (interquartile range [IQR]). The differences between
DC group and standard care group, favorable, and unfavorable
groups were compared by the Pearson x> test, Student unpaired ¢
test, or Mann—Whitney U test. A multiple logistic regression model
was performed to evaluate the independent predictors of long-term
prognosis. Odds ratios (OR) and 95% confidence interval (CI) were
reported. Receiver operating characteristic (ROC) curves and the
areas under the curves (AUC) were used to predict long-term
prognosis. All analyses were carried out in SPSS for windows
version 16.0 (SPSS Inc, Chicago, IL) and P < 0.05 was considered
statistically significant.

RESULTS

Patient’s Basic Characteristics

A total of 1780 TBI patients were enrolled in the database.
According to the inclusion and exclusion criteria, a total of 223
patients, containing 112 severe TBI patients undergoing DC and
111 patients undergoing standard care, were enrolled in the study.
The basic characteristics were no statistical difference between DC
and standard care groups (Table 1).

Long-Term Prognosis

As shown in Table 2,12 months after discharging from hospital,
the mortality in DC group was lower than standard care group, but
DC failed to improve the long-term prognosis according to the
GOSE. There was no statistical difference in days in the ICU and the
total time in the hospital. Days of mechanical ventilation in DC
group were longer than standard group.

Variables Associated With Long-Term
Prognosis

As shown in Table 3, admission GCS, platelet, neutrophile
granulocyte, total protein, and albumin were associated with lo-
ng-term prognosis according to GOSE in DC group. Moreover,
reactivity of pupils was associated with long-term prognosis accord-
ing to GOSE in standard care group.

Predictors for Long-Term Prognosis

Based on the previous results, we analyzed potential predictors for
long-term prognosis in DC group by ROC curves and AUC. In DC
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group, the analysis identified positive correlation predictors: admis-
sion GCS=35.5, total protein=>53.05g/L, albumin=29.05g/L,
platelet = 127.5 x 10° /L as the cutoff points for sensitive and specific
long-term prognosis thresholds (AUC of admission GCS =0.678 £

0.050, 95% CI=0.579-0.777, P=0.001, sensitivity =69.8%,
specificity = 57.6%, AUC of total protein= 0.699 + 0.049, 95%
CI=0.620-0.795, P=0.001, sensitivity=90.6%, specificity =

39%, AUC of albumin=0.692 £ 0.049, 95% CI=0.596—0.788,
P=0.001, sensitivity=_88.7%, specificity=37.3%, AUC of
platelet=0.623+0.053, 95% CI=0.520-0.727, P=0.025,
sensitivity = 80.7%, specificity =27.1%). And the negative corre-
lation predictors was neutrophile granulocyte= 75.64 x 10°/L as
the cutoff point for a sensitive and specific long-term prognosis
threshold (AUC =0.6481 £ 0.025,95% CI1=0.539-0.743,P = 0.01,
sensitivity = 83.1%, specificity = 41.5%) (Fig. 1).

Analysis of Independent Predictors for Long-
Term Prognosis

According to the previous results, we added some predictors to
adjust our identified predictors. In the DC group, using a multi-
variable logistic regression model, albumin (OR=1.121, 95%
CI=1.001-1.151, P=0.004) and GCS (OR=1414, 95%
CI=1.079-1.853, P=0.012) were independently associated with
long-term prognosis after adjustment of age, platelet, neutrophile
granulocyte, and pre-op pupil reaction (Table 4). And in standard
care group, pupil reaction (OR =3.584, 95% CI=1.027-12.501,
P =0.045) was independently associated with long-term prognosis
after adjustment of age, platelet, neutrophile granulocyte, pupil
reaction, and albumin (Table 5).

DISCUSSION
Role Decompressive Craniectomy Plays in the
Treatment of Severe Traumatic Brain Injury

Patients

A series of clinical studies demonstrated that DC is one of the
most effective treatments in decreasing intracranial pressure
(ICP).*” A multicenter randomized controlled trial (RCT) by
Cooper* conformed that early DC was associated with unfavor-
able prognosis. Given the deficiencies mentioned above, we
prolonged the revisit time from 6 months tol2 months. We
found DC failed to improve long-term prognosis but had the
ability to reduce the mortality compared to standard care group
(especially for the admission GCS < 5 TBI patients, the data
were not shown). Meanwhile, DC was unable to shorten days of
ventilation, days of ICU, and days of hospitalization. DC could
enhance the brain perfusion, relieve the brain pressure, and
reduce the risk of cerebral hernia. Meanwhile, DC allowed the
expansion of the swollen brain outside the skull and caused
axonal stretch®® which in turn caused neural injuries.'® '?
Alterations in cerebral blood flow and metabolism may also
be relevant.'>'* Furthermore, harmful complications caused by
DC also accounted for the unfavorable prognosis.'>!'® So we
recommended DC should be performed as a second-tie therapy
for life saving and reducing ICP not first-tie therapy for severe
TBI patients.

Prognostic Predictors in Severe Traumatic
Brain Injury

The present studies have indicated that there are associations
between some clinical indicators and prognosis of TBL.'” But, there

are few studies focusing on finding different clinical indicators
between TBI patients undergoing operation and standard care.
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TABLE 1. Basic Characteristics of Patients (GCS3-8)

Variables DC Standard Care P Value”
Characteristic 112 111
Age, yr 0.267
Median 50 44
Interquartile range 33.25-55 33-52
Male sex, no. (%) 92 (82.14) 82 (70.87) 0.136
Glasgow Coma Scale 0.890
Median 6 6
Interquartile range 4-7 4-7
Reactivity of pupils, no. (%) 0.243
One or both reactive 78 (69.6) 85 (76.6)
None reactive 34 (30.4) 26 (23.4)
Cause of injury, no. (%) 0.213
Traffic accident 51 (45.5) 63 (56.8)
High falling injury 15 (13.4) 14 (12.6)
Other 46 (41.1) 34 (30.6)
Hypotension, no. (%) 13/112 (11.6) 15/111(13.5) 0.668
Traumatic subarachnoid hemorrhage, no. (%) 44 (39.3) 51 (45.9) 0.342
Traumatic contusion or hematoma, no. (%) 49 (43.8) 44 (39.6) 0.534
Injury Severity Scoret 0.080
Median 22 26
Interquartile range 0-34 12-35
Marshall class, no. (%)% 0.101
1 (%) 2/112 (1.8) 4/111 (3.6)
1I (%) 25/112 (22.3) 28/111 (25.2)
T (%) 27/112 (24.1) 25/111 (22.5)
1V (%) 30/112 (26.8) 38/111 (34.2)
V (%) 26/112 (23.2) 11/111 (9.9)
VI (%) 2/112 (1.8) 5/111 (4.5)
DC, decompressive craniectomy.
“ All P values were calculated with the use of the x* test to compare proportions or the Wilcoxon rank-sum test to compare distributions.
The overall score on the Glasgow Coma Scale ranges from 3 to 15, with lower scores indicating reduced levels of consciousness.
The injury severity score ranges from 0 to 75, with higher scores indicating greater injury severity.
¥ The Marshall classification is based on findings on computed tomography, with higher class indicating greater injury severity.
TABLE 2. Primary and Secondary Prognosis
Variables DC Standard Care P Value”
Days of mechanical ventilation
median 1 0 <0.001
Interquartile range 0-2 0-1
Days of ICU stay 0.053
median 10 7
Interquartile range 4-19 3-14 0.684
Days of hospitalization
median 22.5 26
Interquartile range 9.25-60.25 7-50
Extended Glasgow Outcome Scale
Score, no. (%) 0.012
1 (dead) 36/112 (32.1) 54/111 (48.6)
2 (vegetative state) 5/112 (4.5) 7/111 (6.3) 0.152
3 (lower severe disability) 11/112 (9.8) 5/111 (4.5)
4 (upper severe disability) 7/112 (6.3) 4/111 (3.6)
5 (lower moderate disability) 9/112 (8.0) 5/111 (4.5)
6 (upper moderate disability) 9/112 (8.0) 7/111 (6.3)

7 (lower good recovery)
8 (upper good recovery)
Unfavorable score of 1 to 4-no. (%)

15/112 (13.4)
20112 (17.9)
30/56 (53.6)

12/111 (10.8)
6/111 (13.0)
17/111 (15.3)

* All P values were calculated with the use of x* test to compare proportions or Wilcoxon rank-sum test to compare distributions.
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TABLE 3. Relationship of Variables to the GOSE of TBI Patients Undergoing DC or Standard Care at 1 Year Following Univariate Analysis

DC Standard Care

Variables Favorable Unfavorable P Value” Favorable Unfavorable P Value”
Age, yr Mean+ SD 44.6 £12.6 44.4+£12.7 0.946 422495 43.0+12.7 0.700
Glasgow Coma Scale 0.013 0.891
Median 7 5 6 5
Interquartile range 5-8 4-7 4-7 4-7
Male sex, no. (%) 43 (81.1) 48 (81.4) 0.976 28 (68.3) 54 (77.1) 0.306
Days of ICU stay, mean + SD 16.8+13.2 14.8+23.8 0.590 11.8+15.6 11.2+13.7 0.824
Days of hospitalization 0.466 0.141
median 31 23 36 26
Interquartile range 14-78.0 15.5-57.0 19-73 13-46.5
Open craniocerebral injury, no. (%) 24 (45.3) 32 (54.2) 0.344 12 (29.3) 23 (32.9) 0.695
Reactivity of pupils, no. (%) 0.812 0.033
One or both pupils 36 (67.9) 42 (71.2) 36 (87.8) 49 (70.0)
Neither pupil 17 (32.1) 18 (28.8) 5(12.2) 21 (30.0)
Injury severity score 0.936 0.092
Median 22 22 29 24
Interquartile range 0-35 0-33 14-41 6-34
Hypotension, no. (%) 4(7.5) 9 (15.3) 0.204 8 (19.5) 7 (10.0) 0.157
Traumatic subarachnoid hemorrhage, no. (%) 0.218 0.056

24 (45.3) 20 (33.9) 14 (34.1) 37 (52.9)
White cell, 10%/L, mean -+ SD 12.07 £6.06 13.15+6.75 0.377 11.34+4.47 13.94+5.99 0.585
Red cell, 10'%/L, mean 4 SD 3.57+0.72 3.84+0.84 0.064 3.98+0.72 3.90+1.08 0.653
Hemoglobin, g/L, mean + SD 109.70 +22.69 115.95+26.49 0.185 119.66 +20.64 114.77 +£23.12 0.266
Platele, 10%/L, mean 4 SD 247.17+128.14 194.27+£97.48 0.015 254.90 £124.32 232.51+154.46 0.431
Neutrophile granulocyte, 10%/L, mean 4 SD 76.87+13.33 82.99+9.56 0.006 82.224+9.51 81.10+14.88 0.665
APTT-Sec - Mean=+ SD 27.48 +7.28 33.79 £25.09 0.080 28.23 £8.08 32.05+12.88 0.090
PT-Sec, mean & SD 12.10+£1.58 12.46 £1.96 0.284 11.73 £0.99 12.25+2.59 0.141
PT-INR, mean + SD 1.06 £0.12 1.07£0.17 0.622 1.03£0.09 1.08 £0.21 0.104
Fibrinogen, g/L, mean + SD 227+1.33 2.08 £1.69 0.504 2.72+1.00 2.67+1.60 0.864
Ddimer, ng/mL 0.770 0.155
Median 2952 3342 2167 4125
Interquartile range 1166—-8667 1409-6691 1112-5250 1240-8649
TT-Sec, mean + SD 16.98 £2.56 18.92+11.56 0.233 17.89+£5.12 19.12+5.88 0.269
Total protein, g/L, mean &+ SD 64.13 £8.36 59.71+11.41 0.020 63.9+9.28 61.81+11.10 0.312
Albumin, g/L, mean &+ SD 35.87+5.60 32224755 0.005 36.78 £ 6.74 3490 +6.65 0.208
Globulin, g/L, mean + SD 28.25+5.40 27.44+6.26 0.472 26.88 £6.01 26.64+6.65 0.848

* All P values were calculated with the use of the % test to compare proportions or the Wilcoxon rank-sum test to compare distributions.

Therefore, we retrospectively examined a set of 25 potential pre-
dictors in DC and standard care groups. It turned out that admission
GCS, platelet, neutrophile granulocyte, total protein, and albumin
were correlated to long-term prognosis in DC group and reactivity
of pupils in standard care group.

The prognosis of TBI could be predicted by GCS.'® We found
that GCS was a prognostic predictor to severe TBI patients
undergoing DC. Berardino et al'® investigated GCS score <6

ROC Curve

# | — Neamophite
- Raference line

A ’ b "1‘ gfvuﬁn:: " " B

FIGURE 1. The model of ROC curves was performed in DC (A,B). DC,
decompressive craniectomy; ROC, receiver operating characteristic.

© 2015 Mutaz B. Habal, MD

increased 7-folds risk of complications incidence rate in severe
TBI patients postdischarge, which was consistent with our results.
We also discovered GCS was an independent prognostic predictor
in DC group. This may indicate that impact of GCS on DC patients
was not influenced by other clinical factors.

Similarly, we found low level of neutrophile granulocyte was
associated with favorable prognosis of patients undergoing DC.
Neutrophils had connections with inflammatory conditions of the
brain and recruited to brain injury site in acute traumatic period.*’
Several studies had found that excessive activation of polymorpho-
nuclear neutrophil (PMN) may result in secondary brain injury.
Thus, high level of neutrophile granulocyte may contribute to
unfavorable prognosis of TBI patients.

Pupil reactivity was correlated to prognosis that had been
reported in previous reports, including TBI studies.”? Tt was
believed that most patients who had both pupils fixed had unfavor-
able prognosis. However, Carter et al reported that nearly 20% of
patients with bilaterally absent pupillary response had favorable
prognosis.®®> According to our results, pupil reactivity had relation
with prognosis in standard care group and was an independent
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TABLE 4. Multivariable Logistic Regression for Factors Associated With Long-Term Outcome in DC Group

Grude Adjusted

Variable OR"™ (95% CI") P! OR (95% CI) P!

GCS 1.504 (1.181-1.914) 0.001 1.414 (1.079-1.853) 0.012
Age 1.001 (0.972-1.031) 0.945 1.000 (0.965—1.036) 0.993
Platelet 1.004 (1.001-1.008) 0.020 1.002 (0.998-1.006) 0.349
Neutrophile granulocyte 0.954 (0.920-0.988) 0.009 0.973 (0.936-1.012) 0.168
Pre-op pupil reaction 0.857 (0.383-1.920) 0.708 0.598 (0.228-1.571) 0.297
Albumin 1.087 (1.037-1.213) 0.007 1.121 (1.001-1.151) 0.004

* 0dd ratio for a low incidence of disease is the accurate estimates value of relative risk. When the value is equal to 1, the factor has no influence on the incidence of disease, when

greater than 1, it means a protective factor, otherwise it is a risk factor.

T Confidence interval can be used to estimate the population parameter. The narrower scope is the reliability of the sample indicators to estimate the population parameter is better.
¥ All P values were calculated with the use of multivariable logistic regression to test the statistical difference of the variables.

predictor. The impact of pupil reactivity on DC patients may be
affected by other clinical factors.

Albumin plays an important role in many physiological func-
tions.>*There was a decline of serum albumin in TBI patients. P38
mitogen activated protein kinase was the action target of albumin and
the activation of myosin light chain kinase following TBI may lead to
damage blood—brain barrier (BBB).?® The damage of BBB integrity
might be the reason for unfavorable prognosis of TBI caused by
reduced albumin. Performing surgery, such as DC, could aggravate
the decline of albumin because invasive procedure increased extra-
vasation of albumin. Our results showed that low concentration of
albumin predicted unfavorable prognosis of severe TBI patients and
was an independent predictor in DC group. Albumin played an
important role in the prognosis of patients undergoing DC. The
results also raised a question whether albumin level should be
elevated and what is the best level. A clinical trial*® reported that
in critically ill patients with TBI, fluid resuscitation with albumin was
associated with higher mortality rates than saline. This may be caused
by the increase of intracranial pressure. On the contrary, there were
evidences that showed albumin administration in combination with a
neutral to a slightly negative fluid balance was associated with low
mortality in patients with severe TBL.?” Based on related studies and
our results, low level of serum albumin was a risk factor for long-term
prognosis of TBI. Although this viewpoint was still controversial, we
believe that it would be better to maintain a moderately high level of
serum albumin for severe TBI patients.

Recent studies had confirmed that coagulopathy had a
close connection with the prognosis of TBI patients.® That may

be associated with the development of many secondary compli-
cations.”” We found that in DC group platelet count was associated
with long-term prognosis rather than other coagulation indicators,
which indicated that platelets count may be a more sensitive prog-
nostic predictor for severe TBI patients undergoing DC. Meanwhile,
there was no connection between coagulopathy and prognosis of TBI
patients undergoing standard care, which may mean that the factors of
coagulopathy had a tighter relation with DC. A question whether
platelet transfusion was necessary for severe TBI patients undergoing
DC was raised. Fewer studies had demonstrated the risks of platelet
transfusions. Some researchers recommended transfusion of platelets
was needed when platelet counts were less than 100 x 10°/L in TBI
patients compared with 50 x 10%/L in other categories of diseases.>®
Our results showed that platelet = 127.5 x 10%/L was the cutoff point
for long-term prognosis predictor. The appropriate transfusion
threshold (e.g., INR and platelet count) for TBI patients was still
controversial. We believed that many clinical factors should be taken
into account for the decision to perform a transfusion.

CONCLUSION

DC may be an effective therapy method for severe TBI patients to
decrease mortality, but it failed to improve long-term prognosis of
severe TBI patients, especially for low GCS patients. By analyzing
the prognostic predictors, we found the differences between 2
therapeutic groups, which may help us to comprehend the charac-
teristics of the 2 treatments and provide more scientific individua-
tion therapy for severe TBI patients.

TABLE 5. Multivariable Logistic Regression for Factors Associated With Long-Term Outcome in Standard Care Group

Grude Adjusted

Variable OR" (95% CI') P! OR (95% CI) P!

GCS 1.028 (0.832-1.269) 0.800 0.900 (0.704-1.150) 0.399
Age 0.994 (0.961-1.028) 0.718 0.993 (0.959-1.028) 0.675
Platelet 1.001 (0.998—1.004) 0.430 1.001 (0.998-1.004) 0.633
Neutrophile granulocyte 1.007 (0.977-1.038) 0.663 1.017 (0.984-1.051) 0.323
Pre-op pupil reaction 3.086 (1.063—8.960) 0.038 3.584 (1.027-12.501) 0.045
Albumin 1.034 (0.981-1.090) 0.208 1.012 (0.955-1.074) 0.678

* 0dd ratio for a low incidence of disease is the accurate estimates value of relative risk. When the value is equal to 1, the factor has no influence on the incidence of disease, when it

is greater than 1, it means a protective factor; otherwise, it is a risk factor.

T Confidence interval can be used to estimate the population parameter. The narrower scope is the reliability of the sample indicators to estimate the population parameter s better.
¥ All P values were calculated with the use of multivariable logistic regression to test the statistical difference of the variables.
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Virtual Resection and
Subsequent Design of a
Patient-Specific Alloplastic
Implant in the Preoperative
Planning and Surgical
Treatment of a Venous
Malformation of the Zygoma

Jennifer Lavie, BS,” Mark W. Stalder, MD,” and
Hugo St. Hilaire, DDS, MD*!

Abstract: The authors present here the case of a 63-year-old female
who developed a venous malformation of the left zygoma. These
lesions are typically managed with nonoperative treatment, until
or unless overt complicating symptoms require more aggressive
surgical intervention. Reconstruction of the zygoma represents a
challenge for the operating surgeon, considering its complex three-
dimensional anatomy. Traditionally, the surgeon would estimate
the appropriate margins of resection intraoperatively, and then
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design a construct to fit the defect using autologous bone grafts,
allografts, or one of the various available alloplastic materials;
however, for this patient preoperative virtual surgical planning was
used. Using reconstructed three-dimensional images from the
patient’s maxillofacial computed tomography scan, the margins
of the excision were virtually defined and the lesion “excised”
during a preoperative planning session based on the specifications
of the reconstructive surgeon. This process then allowed the design
and production of custom osteotomy guides, and a patient-specific
polyetheretherketone (PEEK) implant to match the resulting defect.
The authors believe this methodology allows for a more efficient
and precise overall procedural experience and reconstructive result,
and has innumerable potential applications in the surgical treatment
of craniofacial abnormality.

Key Words: Craniofacial tumors, intraosseous venous
malformation, patient-specific implant, vascular lesions, virtual
surgical planning

ntraosseous venous malformations are uncommon vascular
lesions that rarely involve the midface, with only 35 cases
involving the zygoma previously reported in the literature.'
The treatment of primary vascular malformations is highly variable;
however, for intraosseous venous malformations, the mainstay of
treatment is surgical excision with clear margins."* Secondary to
the inherent complexity of the three-dimensional anatomy, recon-
struction of midface defects, specifically of the zygoma, remains a
challenge for craniofacial surgeons in restoring adequate function
and cosmesis. Reconstruction of these complex defects using
autografts, allografts, xenografts, and various alloplasts have all
been described within the literature.*>
The recent development of virtual surgical planning (VSP), the
use of computer-assisted design/computer-assisted manufacturing
software, and the use of custom made patient-specific implants
(PSI), have begun to dramatically alter the reconstructive approach
to defects of the craniofacial skeleton. We present a surgical
approach that uses VSP for the treatment of a venous malformation
of the zygoma in which we virtually design and simulate the
surgical resection, and then generate a defect-specific alloplastic
implant to complete the reconstruction.

CLINICAL REPORT

A 63-year-old female was referred to our reconstructive craniofa-
cial surgery clinic with a history of an intraosseous venous mal-
formation of the left zygoma. She had previously undergone
multiple debulking and recontouring procedures; however, pre-
sented to us with interval progression of the mass, and complained
of pain and discomfort in the area of the lesion. On examination, the
patient was found to have a palpable, tender mass along the
zygomaticotemporal suture. Previous computed tomography (CT)
images and pathology reports were reviewed, and were consistent
with her established diagnosis. The patient was offered complete
resection with immediate reconstruction using a virtually planned
defect-specific polyetheretherketone (PEEK) implant.

A high-resolution noncontrast CT using ultrathin cut (1.25 mm)
images was obtained as part of the preoperative workup, from which
a three-dimensional image was generated. The scan revealed a
1.7 x 2.6 x 2.4 cm expansile osseous lesion at the junction of the
lateral and anterior wall of the left maxillary sinus and anterior
margin of the left zygomatic arch, with an apparent mass effect
upon the inferolateral aspect of the left globe. With the help of
Medical Modeling’s (Golden, CO) biomedical engineers, the three-
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FIGURE 1. Preoperative three-dimensional renderings of the patient’s
maxillofacial computed tomography scan depicting the left zygomatic
intraosseous venous malformation (left), the virtually designed osteotomy guide
(center), and the virtual defect with the specified margins of resection (right).

dimensional rendering of the patient’s preoperative anatomy was
then used to define the margins of resection, and virtually excise the
lesion based on the senior author’s specifications (Fig. 1). With the
exact measurements and dimensions of the virtually specified area
of resection, the manufacturer was able to generate a patient-
specific guide for the intraoperative osteotomies, and to design a
precisely matched PEEK PSI (KLS Martin Group, Jacksonville,
FL) (Fig. 2).

Intraoperatively, we began the dissection through coronal
incision, and the plane along the superficial layer of the deep
temporal fascia was developed to gain access to the zygomatic
arch. The cutting guide was positioned, and used to mark the sites of
the osteotomies as designed during the virtual planning session.
Once the mass was resected, the PEEK implant was positioned and
fixated with monocortical screw to reconstruct the defect. Post-
operative CT imaging confirmed the accuracy of the reconstruction
(Fig. 3), and the patient has had an uncomplicated postoperative
course for >15 months without signs of recurrence, and with an
excellent cosmetic result.

DISCUSSION

Intraosseous venous malformations are a rare and unique entity.
These lesions are most commonly found in the vertebral bodies and
calvaria, but they do occasionally occur in the midface, and have
been reported previously to involve the zygoma.'* They are benign,
slow growing lesions, the vast majority of which are asymptomatic
and discovered incidentally; however, they may occasionally cause
pain, swelling, tenderness, or facial deformity. Due to the benign
nature of these lesions, management largely depends on sympto-
matic manifestation, or any cosmetic deformity that may be pre-
sent.! Even in lesions involving the maxillofacial skeleton,
conservative measures such as observation are typically used prior
to the consideration of more invasive interventions; however, with
complicated lesions that produce mass effect, hemorrhage, pain,
proptosis, visual disturbances, or cosmetic deformity, surgical
management is ultimately required.'¢

FIGURE 2. Preoperative three-dimensional rendering depicting the virtually
designed defect-specific implant (left), and postoperative three-dimensional
reconstruction of the patient’s maxillofacial computed tomography (CT) scan
depicting the polyetheretherketone (PEEK) patient-specific implant (PSI) after
resection of the lesion and reconstruction of the zygomatic defect (right).
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FIGURE 3. Preoperative image of the patient prior to resection of her left
zygomatic intraosseous venous malformation (left), and postoperative image
of the patient following resection of the lesion and subsequent reconstruction
(right).

Previously described strategies for the treatment of craniofacial
intraosseous venous malformations include partial resection with
superficial osteotomies, or en bloc resection with immediate recon-
struction.'*” In consideration of these treatment options, the sur-
geon must weigh the increased rates of recurrence associated with
partial resection against the potential postoperative morbidity that
can occur with an en bloc resection; to this point, however, the
mainstay of surgical treatment has involved complete primary
resection, followed by immediate reconstruction with autologous
bone grafts."’

The complex three-dimensional structure of the zygoma, how-
ever, creates a challenging dilemma, and complicates the efforts of
the reconstructive surgeon to achieve the desired functional and/or
aesthetic results. The versatile technology associated with VSP,
although, provides a solution to a number of inherent surgical issues
associated with complex cases such as these, and is beginning to
find an expanded role in the reconstruction of all areas of the
craniofacial skeleton. To date, a variety of materials, including
autografts, allografts, xenografts, and alloplasts have been
described for use in the reconstruction of various craniofacial
defects in association with this technology.***° PEEK, which
was used in this case, is an alloplastic material that possesses
appropriate strength, stiffness, and durability, as well as an excellent
biocompatibility profile.®

There have been 2 similar cases reported in the literature
wherein the reconstructive surgeons made use of preoperative
CT-based modeling and implant design for reconstruction of the
zygoma. In 2009, Arribas-Garcia et al'® described a case of
zygomatic reconstruction using a predesigned alloplastic prosthe-
sis—-a methyl methacrylate implant designed using a CT-based
model of the contralateral zygoma. And in 2012, Scolozzi*
reported on the use of computer-designed PEEK PSI based on
mirroring computational planning for maxillofacial reconstruc-
tion.

The protocol described in this case designed with the assistance
of Medical Modeling and KLS Martin Group, however, uses a
digital three-dimensional model formatted from high-resolution CT
images to virtually define the area of bony resection, and thereby
generate custom osteotomy guides, as well as the PEEK PSI used
for reconstruction. This strategy allows for immediate reconstruc-
tion in a single-stage procedure with accurate, predefined marginal
excision, generates a more precise alloplastic prosthesis compared
with previously documented techniques, and it does so with an
overall relative decrease in operative time.

© 2015 Mutaz B. Habal, MD

CONCLUSION

This advance in virtual preoperative surgical planning provides the
opportunity for innumerable new applications in craniomaxillofa-
cial reconstructive procedures. Precise marginal resection of lesions
and reconstruction of the resulting defect can be implemented via
use of a virtual defect in conjunction with patient-specific osteot-
omy guides and alloplastic implants. We believe the successful
implementation of this protocol will lead to greater subsequent use
of this innovative technology to treat patients with functional and
cosmetic defects of the craniofacial skeleton.
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Does the Type of
Maxillomandibular Deformity
Influence Complication Rate in
Orthognathic Surgery?

Reza Tabrizi, DMD," Hamidreza Pakshir, DDS," and
Bahar Nasehi, DDS*

Purpose: Patients may encounter various complications during and
after orthognathic surgery. The aim of this study was to compare the
prevalence of complications in various skeletal deformities to see if
an association exists.

Materials and Methods: This retrospective cohort study assessed
patients in 2 groups. Groupl had class III skeletal deformity and
group 2 had class II skeletal deformity with vertical maxillary
excess (VME). Complications were studied in 2 stages: Stage 1
included perioperative and immediate (first 24 hours) postoperative
complications namely difficult intubation, blood transfusion, bad
splits, pain, and postoperative airway problems. Stage 2 included
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postoperative complications (from 24 hours up to 6 months after
surgery namely bad splits and relapse). Age, sex, operation time,
and the amount of jaw movements were considered as variables.
Types of skeletal deformity were predictive factor of the study.
Results: The authors studied 248 patients in 2 groups. In group 1,
13 (8.2%) patients needed blood transfusion during surgery up to
24 hours after operation and 27 (30%) patients in group 2. Analysis
of data demonstrated a significant difference for blood transfusion
between 2 groups (P =0.001). In group 1, 8 (5.1%) patients had a
difficult intubation compared with 13 (14.4%) patients in group 2.
Comparison of mandibular movement and maximum mouth
opening (MMO) did not show significant differences between 2
groups (P > 0.05). The amount of maxillary movement and horizon-
tal discrepancy were different statistically in 2 groups (P < 0.05).
Analysis of the data showed a significant difference in intubation
between the 2 groups (P < 0.05). There were no differences between
the 2 groups for bad splits, postoperative airway problems, or
paresthesia (P >0.05). Results did not demonstrate a significant
difference for pain between the 2 groups (P > 0.05).
Conclusions: Patients with class II skeletal deformity and
VME may have higher risk of perioperative blood loss and difficult
intubation compared with patients with class III skeletal deformity.

Key Words: Bad split, blood loss, orthognathic surgery,
osteotomy

rthognathic surgery involves surgical manipulation of the
facial skeleton to restore the anatomic and functional relation-
ships in patients with dentofacial skeletal abnormalities. Many
types of osteotomies of the jaws have been introduced for this
purpose. The Le Fort I osteotomy of the upper jaw and mandibular
ramus osteotomy are the most frequently performed osteotomies."
Although orthognathic surgery has proven to be relatively safe,’
patients who undergo maxillofacial orthognathic surgery may
encounter various complications in perioperative and postoperative
stages of treatment.>
Common complications, which may occur in orthognathic
surgery consist of postoperative vascular disease, TMJ problems,
nerve damage, infection, bone necrosis, periodontal disease, vision
impairment, hearing problems, hair loss, and neuropsychiatric
problems.* Moreover, some complications can be fatal.” Because
of the wide range of complications, the surgeon should keep
prevention protocols in mind and be prepared for the treatment
in case a complication should occur.
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The aim of this study was to see if complication rates differ in
various maxillomandibular deformities.

MATERIALS AND METHODS

The investigators designed a cohort retrospective study. The study
sample was derived from the population of patients who presented
to the Department of Oral and Maxillofacial Surgery at our uni-
versity for treatment of maxillofacial deformities between Septem-
ber 1, 2008 and December 31, 2013. The research was approved by
the committee of medical ethics of our university. Patients eligible
for inclusion had skeletal class II with vertical maxillary excess
(VME) or class III deformity; all underwent bimaxillary osteotomy.
All patients were ASA I category. Patients were excluded from the
study if they had asymmetry, previous trauma or fracture of the
mandible, previous orthognathic surgery, surgical augmentation,
additional genioplasty, or congenital deformities. None of the
patients had impact teeth in the osteotomy site of the mandible.

Patients were placed in 2 groups: patients in group 1 had class I1I
skeletal deformity and underwent mandibular setback (bilateral
sagittal osteotomy) and maxillary advancement (Le Fort 1 osteot-
omy). In group 2, the patients had class II skeletal deformity with
VME and underwent mandibular advancement (bilateral sagittal
osteotomy) and maxillary superior repositioning (Le Fort 1 osteot-
omy). The surgeries were done by a surgical team (the first author
and his residents). Data were documented according to the review of
a database collected contemporaneously.

Complications were studied in 2 stages:

Stage 1: perioperative and immediate postoperation (first 24 hours
after the operation) complications.

Stage 2: postoperative complications (from 24 hours up to
6 months after surgery).

In stage 1, 4 complications studied were difficult intubation,
bleeding, bad split, and airway problems.

Difficult intubation was defined as unsuccessful intubation at the
first attempt.

Bleeding was designated as a need for blood transfusion up to
24 hours after the operation.

Bad splits were observed during the surgeries or detected on
immediate postoperative routine radiographs (OPG and posterior—
anterior cephalogram).

Postoperative airway problems were considered for patients who
needed airway or respiratory support after extubation because of
difficult airway, respiratory arrest, and pneumothorax.

Pain in 24 hours after surgeries according to visual analog scale
(VAS) was determined in all patients (1-10).

In stage 2, the complications considered included: paresthesia
of the inferior alveolar nerve and lingual nerve after 6 months and
severe relapse requiring reoperation.

Age, sex, the amount of horizontal discrepancy, the amount of
maxillary and mandibular movement, maximum mouth opening
(MMO), and operation time were considered variable factors. Type
of deformity was the predictive factor of the study and compli-
cations in stage 1 and 2 were outcomes of the study.

Anesthesia Protocol

All patients received Dexametazone (8 mg, IV, 30 minutes
before surgeries) underwent hypotensive anesthesia. Hypotensive
anesthesia was adjusted in relation to the patient’s preoperative
blood pressure and the necessary level for blood loss reduction in
the surgical field. A mean arterial blood pressure (MAP) was 30%
below a patient’s usual MAP. Anesthesia was induced with intra-
venous propofol 2mg/kg and fentanyl 0.5 mcg/kg and was main-
tained using total intravenous anesthesia with propofol infusion
100 mcg/kg and remifentanil 0.2 to 0.3 mic/kg/min. Atracurium
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0.5 mg/kg was used for endotracheal intubation. All of the anesthe-
sia procedures were given by an anesthesiologist.

Surgical Approach

The incision was made over the anterior portion of the vertical
ramus, extending to the mesial aspect of the first molar. Subper-
iosteal dissection was carried out down to the inferior border of the
mandible, where a lateral channel retractor was placed. A long bur
was used to make a horizontal bone cut through the medial cortex of
the ramus, just above and approximately posterior to the lingula.
The vertical cut was made through the buccal cortex, distal to the
second molar or further anteriorly. The 2 osteotomies were then
connected with a 701 fissure bur. The vestibular incision in the
maxilla was made from the first molar to the contralateral first
molar. The superior tissues were reflected subperiosteally, first at
the piriform aperture margins. Then, lateral nasal and infraorbital
regions were exposed and extended posteriorly to the zygomatic
maxillary buttress. Two internal reference points intraorally were
marked to determine anterior—posterior and vertical movements in
each side of the maxilla. Osteotomy lines were made 5 mm superior
to the apex of the teeth roots. After ending osteotomies and down
fracture, the maxilla was mobilized and brought in the desirable
position using an intermediate splint. Bone interferences were
removed and the maxilla was fixed using 4 miniplates (4 holes L
shape) with 4 screws (6 mm). The thickness of miniplates was 2 mm
in all patients. A spreader and a narrow osteotome were used to
separate the lateral cortex of the sagittal osteotomy and the osteo-
tome was used to step along the connecting cuts to ensure that the
split stayed close to the lateral cortex. Finally, the mandible was
positioned in the final position and the condyle was positioned
manually during fixation using a miniplate (4 holes with bar) and
monocortical screws (8§ mm) at each osteotomy site.

Statistical Analysis

The statistical analyses were performed using the statistical
package SPSS. Fisher exact test was applied to compare compli-
cations in stage 1 and 2 between the groups. x° test was used to
compare sex. Age, MMO, pain, and operation time were evaluated
using independent ¢ test.

RESULTS

Two hundred sixty patients were operated, which only 248 patients
had sufficient documents and completed follow-up time and 12
(4.61%) of the patients were removed from the study. We studied
248 patients in 2 groups. Group 1 (N = 158) consisted of 66 men and
92 women and group 2 (N =90) had 34 men and 56 women. There
was no significant difference between the 2groups for sex
(P=0.316). The mean age was 24.16 £4.24 years in group 1
and 23.17 £4.02 years in group 2. Analysis of the data did not
show a significant difference for age between the 2 groups
(P =0.488). The mean operation time was 166.89 + 20.66 minutes
in group 1 and 183.26 £26.0.4 minutes in group 2. There was a
significant difference for the operation time between the 2 groups
(P=0.015) Comparison of mandibular movement and MMO did
not show significant differences (P > 0.05). The amount of maxil-
lary movement and horizontal discrepancy was different statisti-
cally in 2 groups (P < 0.05) (Table 1).

Forty (16.12%) of 248 patients needed blood transfusion in the
both groups. In group 1, 13 (8.2%) patients needed blood transfusion
during surgery up to 24 hours after operation and 27(30%) patients in
group 2. Analysis of data demonstrated a significant difference for
blood transfusion between the 2 groups (P =0.001) (Table 2).

© 2015 Mutaz B. Habal, MD

TABLE 1. Comparison of Variables Between the 2 Groups

Variables Group 1 Group 2 P Value
Sex 66 men, 34 men, P=0316""
92 women 56 women

Age (years) 24.16+4.24 23.17+4.02 P=0.488
Operation time (min) 166.89 +20.66 183.26 £26.0.4 P=0015"
MMO (mm) 39.8+2.07 39.81+2.53 P=0.96
Horizontal discrepancy (mm) 6.95+1.21 4.844+0.87 P=0.004"
Maxillary movement (mm) 3.17+£0.91 4.34+1.78 P=0.001"
Mandibular movement (mm) 3.79+0.77 4.56+£0.63 P=031

MMO, maximum mouth opening.
Significant.

k% 5
X~ test.

In group 1, the mean of pain (VAS) was 5.84+1.2 and
6.21 £1.08 in group 2. Result did not demonstrate a significant
difference for pain (P=0.1) (Table 2).

The results showed that 8 (5.1%) patients in group 1 and 7
(7.8%) patients in group 2 had a bad split. Comparison of data did
not show a significant difference between the 2 groups in this
respect (P =0.275).

Eight (5.1%) patients in group 1 and 13 (14.4%) patients in
group 2 had a difficult intubation. Analysis of the data showed a
significant difference for difficult intubation between the 2 groups
(P=0.012).

Twelve (7.6%) patients in group 1 and 5 (5.6%) patients in group
2 had airway problems in the recovery room. Analysis of the data
did not reveal a significant difference between the 2 groups in this
regard (P =0.611) (Table 2).

Twelve (7.6%) patients in group 1 and 10 (11.1%) patients in
group 2 reported paresthesia after 6 months (P =0.361).

Two patients (1.3%) in group 1 and 1 (1.1%) in group 2 needed
reoperation (Table 3).

DISCUSSION
Complications may occur during or after orthognathic surgeries.’
Although the relative safe?f of such procedures has been con-
firmed by previous studies,””’ the definition of what constitutes a

TABLE 2. Comparison of Study Outcomes in Stage 1 Between the 2 Groups

Outcomes Group 1 Group 2 P Value
Blood transfusion 13 (8.2%) 27 (30%) P=0.001"
Difficult intubation 8 (5.1%) 13 (14.4%) P=0.012"
Bad split 8 (5.1%) 7 (7.8%) P=0275"
Postoperative airway problems 12 (7.6%) 5 (5.6%) P=0.611"
Pain (VAS) 58+1.2 6.21 £1.08 P=0.1%

yAS, visual analog scale.
X test.
“Independent 7 test.

TABLE 3. Comparison of Outcomes in Stage 2 Between the 2 Groups

Outcomes Groupl Group2 x> Test
Paresthesia 12 (7.6%) 10 (11.1%) P=0.361
Relapse 2 (1.3%) 1(1.1%) *
*Insufficient cases.
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complication in orthognathic surgery varies between researchers
and this prevents clinicians to make a precise comparison.’ Various
reports show the prevalence of complications in orthognathic
surgeries.>” It is unclear if the prevalence rates of complications
vary in various skeletal deformities or not.

The current study showed that patients with class II skeletal
deformity and VME needed more blood transfusion than patients
with class III skeletal deformity. The operation time, however, was
different between the 2 studied groups. The longer operation time in
patients with class II skeletal deformity and VME may play an
important role in intraoperative bleeding. Choi et al'® demonstrated
that intraoperative bleeding and operation time increased signifi-
cantly in patients undergoing mandibular ramus osteotomy and Le
Fort I osteotomy with maxillary setback. It could be hypothesized
that the direction of the maxillary movement was effective on
operation time as well as blood loss. Movement of the maxilla
posteriorly and superiorly needs more bone removal and increases
the risk of vascular injury in the posterior maxilla than simple
maxillary advancement. Furthermore, accessibility for manipula-
tion in the posterior maxilla is difficult and takes more time.
The length of the operation played a major role in increasing
complications in orthognathic surgery.'' Also, the intraoperative
bleeding observed in patients during Le Fort I or mandibular ramus
osteotomies or both combined was less than the limits set for
blood transfusion.'> Rummasak et al'> showed patient’s sex,
experience of the surgeon, and operative time were effective on
blood loss during orthognathic surgery. In our study, the
overall transfusion rate was 16.12% that was higher than the
previous reports in orthognathic surgeries with hypotensive
anesthesia (0—8%)."* The higher frequency of blood transfusion
may be because of the study, which was done in a trainer
center (university hospital). Experience of surgeons may play an
important role in time of surgeries, bad splints, and trauma during
operations.

Bad split or fracture is a troublesome complication during sagittal
split osteotomy (SSO)."> The incidence of bad splits in our study was
14.6%, which is within the range of previous reported studies (that
varied between 0.21% and 22.72%).!°> The exact combination of
factors that result in a bad split is not clearly known yet.'® In our study,
the prevalence of bad split was 5.1% to 7.8%. It seems that the
prevalence of bad split was not different in skeletal class II or class 111
deformity. A recent study demonstrated that certain mandibular
anatomic differences may increase the risk of a bad split during SSO.'”

Difficult intubation was more common in patients with class II
skeletal deformity than class III skeletal deformity for orthognathic
surgery in our study. Airway volume and shape vary among the
patients with different anteroposterior jaw relationships; airway shape
but not volume differs with various vertical jaw relationships.'®
Patients with class II skeletal deformity often have forward inclination
of'the airway; whereas skeletal class I1I patients have a more vertically
oriented airway.'® Class IIl malocclusion is associated with a large and
flat oropharyngeal airway compared with Class I and II malocclu-
sions.'” Retrognathia is often associated with a difficult intubation.*

Postoperative recovery complications were not different in
patients with skeletal class II and class III deformities in this study.
Also, orthognathic surgery can affect the posterior airway space
(PAS) andis a major concern. The soft palate, tongue, hyoid bone, and
associated muscles are attached directly or indirectly to the maxilla
and the mandible.>' This means that the movement of the jaws will
result in positional changes of the structures directly attached to the
bone and change the tension of the attached soft tissue and muscle.
This will result in an alteration in the volume of the nasal and oral
cavities and PAS dimensions depending on the direction and magni-
tude of the skeletal movements.”! After mandibular setback, the
tongue base is more posterior and the hypopharyngeal depth is
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reduced. The bimaxillary surgery group also demonstrated a more
posterior tongue base but without reduction of the hypopharyngeal
depth. The mandibular setback patients are most at risk of obstructive
sleep apnea, but compensatory changes in the soft palate morphology
may explain its low occurrence in practice.?>

Sensory impairment of the inferior alveolar nerve is a compli-
cation of the SSO.?* The patient usually reports varying degrees of
numbness in the lower lip and chin, which occurs in 9% to 85% of the
operated sides.”* The wide variation in the incidence of this disturb-
ance is because of the large variability in nerve function assessments
and follow-up periods from study to study.>* In our study, the
prevalence was between 7.6% and 11.1% without a significant
difference in patients with skeletal class II and III deformities.
Teerijoki-Oksa et al*> compared objective and subjective neurosen-
sory testing and found that patient-reported sensory alteration was
more frequent than abnormal test results for electrophysiological
investigations at the 1-year follow-up visit. Thus, subjective reporting
by patients is a valuable method for evaluating sensory dysfunction
after SSO. The frequency of neurosensory disturbance after bilateral
SSO in class III cases is dependent not only on the position of the
mandibular canal, but also on the mandibular angle. A lateral course
of the mandibular canal and an obtuse mandibular angle aéppeared to
result in a high risk of injury to the inferior alveolar nerve.*® In class II
skeletal patients, the magnitude of the advancement affects post-
surgical neurosensory disturbances after SSO.?” Advancement of the
jaw seemed to be related to hi%her neurosensory disturbance after
BSSO compared with setback.”

CONCLUSIONS

Patients with class II skeletal deformity and VME may have higher
risk of perioperative blood loss and difficult intubation than patients
with class III skeletal deformity. Types of skeletal deformities did
not affect the prevalence of postsurgical neurosensory disturbance
or recovery complications.
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Comparative Analysis of Lateral
Pharyngoplasty and
Uvulopalatopharyngoplasty
Techniques With
Polisomnography and Epworth
Sleepiness Scales
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Abstract: Snoring is caused by the vibration of structures of the oral
cavity, such as the soft palate, uvula, tonsils, base of the tongue,
epiglottis, and lateral pharyngeal walls. When these structures
collapse and obstruct the airway, apnea occurs. Obstructive sleep
apnea syndrome (OSAS) is characterized by repeated periods of
upper airway obstruction, a decrease in arterial oxygen saturation,
and interrupted sleep. The prevalence of OSAS is 1% to 5% in men
and 1.2% to 2.5% in women. Crucial factors in deciding the surgical
approach include a detailed ear—nose—throat examination, Muller
maneuver, sleep endoscopy, and apnea hypopnea index scores.
Accepted treatments include continuous positive airway pressure
(CPAP), surgeries of the base of the tongue and/or palate, and
multi—level surgeries. It, however, is important to continue to
evaluate the efficacies of such procedures. The authors evaluated
the outcomes of 23 patients who underwent surgery for OSAS,
using preoperative and postoperative polysomnography (PSG) and
the Epworth sleepiness scale (ESS). The results were compared
before and after surgery. In all, 14 patients had lateral pharyngo-
plasty and 9 had uvulopalatopharyngoplasty (UPPP). The PSG and
Epworth scale values were significantly lower in both groups,
postoperatively. Patients indicated that their quality of life had
improved. In conclusion, the surgeries were successful. In line with
the literature, our results indicate that lateral pharyngoplasty and
UPPP can be used in appropriate patients. Longer-term studies on
more patients will provide more detailed information in the future.

Key Words: Lateral pharyngoplasty, sleep apnea,
uvulopalatopharyngoplasty

S noring is caused by the vibration of structures of the oral cavity,
such as the soft palate, uvula, tonsils, base of the tongue,
epiglottis, and lateral pharyngeal walls. When these structures
collapse and obstruct the airway, apnea occurs. Obstructive sleep
apnea syndrome (OSAS) is characterized by repeated periods of
upper airway obstruction, a decrease in arterial oxygen saturation,
and interrupted sleep.' The prevalence of OSAS is 1% to 5% in men
and 1.2% to 2.5% in women.” Its pathophysiology is still subject to
research, but the most accepted theory involves the facial skeleton
and the soft tissues within the upper airway.

Although the application of continuous positive airway pressure
(CPAP) has been the treatment of choice for high-grade OSAS
patients, not all patients can receive this treatment and are
given the choice of surgery. Common surgical treatment options
include tongue base radiofrequency ablation (RFA), tonsillectomy,
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uvulopalatopharyngoplasty (UPPP), lateral pharyngoplasty, pillar
implants, bimaxillar advancement, mandibular osteotomy, tongue
base suspension, and partial glossectomy. The outcomes of these
techniques are still being researched.> Most surgeries that have
been proposed for treating OSAS aim to decrease the inspiratory
upper airway pressure by enlarging the pharyngeal lumen by
removing soft tissues or stretching its surrounding structures.”
Lateral pharyngeal muscle wall collapse is important in the patho-
genesis of OSAS.> Uvulopalatopharyngoplasty is a specialized
procedure that directly enlarges the upper airway, and lateral
pharyngoplasty © is also designed to enlarge the pharynx, creating
lateral muscle flaps.

Evaluation of a patient with OSAS starts with a detailed ear—
nose—throat examination, evaluation of mallampati classification and
a Muller’s maneuver using a flexible fibre optic nasopharyngolar-
yngoscope. In Muller’s maneuver, the patient is asked to take a breath
while the mouth is closed and the nose is pinched shut. This generates
a negative pressure in the upper airway. In patients who just snore,
there may be slight inward movement of the soft palate and the back
of the throat but the glottis remains visible. Patients who have OSAS
show varying degrees of collapse in the side walls of the velopharynx,
at the base of the tongue, and at the back of the throat, which narrows
the airway by more than 25%. Sleep endoscopy is helpful for finding
the anatomic site causing obstruction; these may include uvulopa-
latal, oropharyngeal, tongue basal, and laryngeal sites. This pro-
cedure can help surgeons focus on the correct area for an accurate
treatment.”® The success of such a surgery depends on accurately
detecting the pathology causing OSAS and using an appropriate
operative technique that is specific to that pathology.

In the current study, we compared the postoperative success of
UPPP and lateral pharyngoplasty techniques using polysomnogra-
phy (PSG) and Epworth sleepiness scales (ESS) on OSAS patients
who had more than 50% uvulopalatal and pharyngeal obstruction.

MATERIALS AND METHODS

Ethical approval was given by the Sisli Etfal Training and Research
Hospital Ethical Committee (107/2012). All patients gave their
written consent. Patients who underwent surgery for OSAS between
2010 and 2011 were examined, and 23 patients with PSG-proven
OSAS (apnea/hypopnea index > 5) who underwent either UPPP or
lateral pharyngoplasty surgeries were included in the study.
Patients’ ages were between 18 and 65 and all had heavy-inter-
mediate OSAS according to their PSG results. Continuous positive
airway pressure had been recommended for all patients, but they
either refused the procedure or could not use it. Patients with
hypothyroidism, hyperthyroidism, metabolic diseases, class III
obesity (body mass index over 40), nasal septal deviation, upper
airway pathologies, CPAP use, or larynx or vocal cord pathologies
and in whom tongue base RFA, thyrohyoid suspension, or any other
surgery had been performed were excluded from the study. All
patients’ preoperative body mass indexes, mallampati scores,
Epworth sleepiness scores, Muller’s maneuver outcomes, and
PSG results were noted. Patients were called for regular controls
every 3 months postoperatively. There were no major compli-
cations. Patients were evaluated using PSG and Epworth scales
at 20 to 24 months, postoperatively.

Patients were selected for pharyngeal surgery when on physical
examination there was an excess of soft tissue within the oropharynx
with the tongue in the mouth and relaxed, and with the mouth opened
maximally. Selection criteria for the surgery were lateral peritonsillar
narrowing, such that peritonsillar tissues pervaded a space greater
than 25% of the pharyngeal space; enlarged tonsils with lateral
impingement of greater than 50% of the distance between the left
and right posterior tonsillar pillars, and a low soft palate preventing
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visualization of the posterior pharyngeal wall. A total of 28 patients
qualified, and they were randomly split into 2 surgical groups (14 in
each) depending on the treatment they received: lateral pharyngo-
plasty and UPPP. Five patients, all from the latter group, however,
were lost to follow-up and thus were excluded from the analyses. This
left a total of 23 patients (14 in the lateral pharyngoplasty group and
9 in the UPPP group). All of them had narrowing or collapse in the
retropalatal region without narrowing in the hypopharynx, both at rest
and during the Muller maneuver, as assessed using fibre optic
pharyngoscopy. All patients also had a 50% or greater obstruction
and collapse in the uvulopalatal and pharyngeal regions, and mal-
lampati scores higher than 3.

Patients were requested to use the ESS both preoperatively and
at 20 to 24 postoperative months (Table 1).

In the PSG tests, standardized 12-channel electroencephalo-
graphy, electrooculogram, electrocardiogram, electromyogram
(jaw and tibialis anterior), thoracoabdominal movements, body
position, oronasal air flow, and digital pulse oximetry measure-
ments were noted. Apnea—hypopnea index (AHI) and minimum O,
saturation values were used as evaluation parameters.

The 2 groups’ preoperative and postoperative Epworth scores,
AHI, and minimum O, values were compared. The changes within
each group were also evaluated.

SURGICAL TECHNIQUES

All patients were operated on by the same surgeon. In the UPPP
technique,” minimal shortening of the soft palate in the midline was
used. After a bilateral tonsillectomy, the triangle of mucosa and
muscle (palatoglossus) was removed from the lateral free margin of
the soft palate, and the wound was closed by traction and suturing of
the palatopharyngeus muscle over it. In addition, a partial uvulect-
omy was performed.

In lateral pharyngoplasty,® after tonsillectomy, the superior
pharyngeal constrictor muscle within the tonsillar fossa (outer
pharyngeal muscular layer) was sectioned and sutured to the
anterior pillar to provide support to the lateral pharyngeal wall.
Then, a Zplasty was performed between the lateral free margin of
the soft palate and the palatopharyngeus muscle, providing lateral
support to the soft palate. A partial uvulectomy was also performed.

STATISTICAL ANALYSIS

The distribution of variables was checked using the Kolmogorov—
Smirnov test. Data were analyzed with the independent #-test and
paired #-test. The x> test, and when this test was not convenient, the
Fischer test, was used. Correlation analysis was performed using
Pearson correlation analysis. The SPSS 20.0 program was used for
statistics.

TABLE 1. Epworth Sleepiness Scale (0: No Chance of dozing, 1: Slight Chance
of Dozing, 2: Moderate Chance of Dozing, 3: High Chance of Dozing.)

Situation Chance of Dozing

Sitting and reading

Watching TV

Sitting inactive in a public place (e.g., a theater or a meeting)
As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when circumstances permit
Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in traffic
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TABLE 2. Ages and Pre- and Postoperative Mean AHI, O, Saturation and
Epworth Scores for all Patients

Minimum Maximum Mean + SD
Age 31 55 43.13+6.61
AHI Preoperative 12 45 24.08+10.31
Postoperative 4 25 10.02+5.29
O, saturation (%) Preoperative 73 97 84.00 £8.75
Postoperative 80 97 88.39£6.75
Epworth Preoperative 11 20 15.224+2.71
Postoperative 3 10 6.13+1.91

Age, AHI, O, saturation and Epworth score values.

RESULTS
Of the 23 patients, 4 were women and 15 were men (mean age,
43.1 years; Table 2).

The mean preoperative AHI of all patients was 24.08; the mean
postoperative AHI was 10.02. The mean preoperative Epworth
scale score of all patients was 15, and the mean postoperative
Epworth scale score was 6. Apnea—hypopnea index (AHI) and
Epworth scores of all patients dropped postoperatively, and this
drop was statistically significant (P < 0.05) (Table 3).

The mean preoperative AHI of lateral pharyngoplasty patients
was 23.4+9.9, and the mean postoperative AHI was 11.3 +5.6.
There was a statistically significant decrease in the AHI values of
this group postoperatively (P < 0.05). The mean AHIs for the UPPP
group were 25.1 £ 9.9 preoperatively and 8.0 4= 4.3 postoperatively,
also a statistically significant decrease was observed (P < 0.05)
(Table 3). There were no statistically significant differences
between the 2 groups (P > 0.05) (Fig. 1).

The mean minimum O, saturation significantly increased post-
operatively (P < 0.05) (Table 2) in both groups, but was signifi-
cantly lower in the lateral pharyngoplasty group than in the UPPP
group, both preoperatively (78.4 + 4.4 versus 92.8 4 6.1) and post-
operatively (84.2+4.5 versus 94.9£3.9) (P <0.05). The preop/
postop O, saturation increment rate was significantly higher in the
lateral pharyngoplasty group than in the UPPP group (P < 0.05)
(Fig. 2).

The Epworth scores of the lateral pharyngoplasty and UPPP
groups were 15.3 2.9 and 15.1 & 2.6 preoperatively and 6.8 1.8
and 5.1 & 1.6 postoperatively, respectively. They did not differ
significantly between the groups preoperatively but where signifi-
cantly higher in the lateral pharyngoplasty group postoperatively.
The scores, however, significantly decreased within each group
postoperatively (P <0.05) (Table 3). The preop/postop rate of
decrease was significantly lower in the lateral pharyngoplasty group

(Fig. 3).

TABLE 3. Pre- and Postoperative Mean AHI, O, Saturation and Epworth Scores
for Each Surgical Technique

Lateral Pharyngoplasty UPPP

Mean + SD Mean + SD P
AHI Preoperative 234499 251+114  0.702
Postoperative 11.3£5.6 8.0+4.3 0.146
O, saturation  Preoperative 78.4+4.4 92.8+6.1 0.000
Postoperative 842+45 949+39 0.000
Epworth Preoperative 153429 15.1+2.6 0.884
Postoperative 6.8+1.8 5.1+1.6 0.037

AHI, O, saturation and Epworth score changes for Lateral Pharyngoplasty and
UPPP.
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FIGURE 2. Preoperative and postoperative O, saturation changes.

DISCUSSION
The prevalence of OSAS is approximately 1% to 5% of the adult
population.” The golden standard for diagnosis of OSAS is PSG."°
Obstructive sleep apnea syndrome is classified as mild, moderate,
or severe according to AHI values. The Epworth sleepiness score
is also an important parameter as these correlate with AHI and
minimum O, saturation.'!

The pathologies and treatment options for OSAS remain under
debate. Because upper airway regions cause OSAS, there are many
options for treatment. Continuous positive airway pressure is the
first choice for high-level OSAS patients. Other options, ranging
from relatively less morbid treatments such as tongue base RFA,
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FIGURE 3. Preoperative and postoperative Epworth score changes.
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tonsillectomy, UPPP, and lateral pharyngoplasty or pillar implants
to much more invasive treatments, such as bimaxillary advance-
ment, mandibular osteotomies, tongue base suspension, and partial
glossectomy, have been advocated by many authors.'* 4

A 50% decrease in AHI in a patient with OSAS might be
considered therapeutic success. The American Academy of Sleep
Medicine defines success as a patient with no more OSAS symp-
toms and an AHI under 5. The most commonly used criteria for
success, however, are a 50% drop and an AHI under 5.

In the current study, the mean AHI significantly decreased and
the mean minimal O, saturation significantly increased postopera-
tively, regardless of the operation conducted. This confirms the
success of both lateral pharyngoplasty and UPPP for patients with
obstruction at the uvulopalatal and pharyngeal level, with 50% or
greater collapse in drug-induced sleep endoscopy.

Lateral pharyngoplasty and UPPP are surgical options for the
same level of obstruction, and there were no significant differences
in the rates of decrease in AHI values between the 2 techniques.

There continues to be debate over the efficacy of OSAS
surgeries. Rotenberg et al'® reported in a retrospective review that
between 1999 and 2005, 85% of 345 OSAS patients who were
operated did not have successful outcomes. Of those, 80% had
palatal surgery, but a postoperative drug-induced sleep endoscopy
showed that 76% had pathologies of the tongue base and other
areas. The most important point of this study is the importance of
detailed preoperative inspections and detection of obstruction sites.

In the current study, the patients had 50% or greater collapse at
the oropharynx; based on VOTE classification.'® None had septum
deviation or other upper airway obstruction sites. We can safely
state that our patients’ AHI values decreased 50%, to less than 20,
indicating that surgical success was achieved polysomnographi-
cally. The Epworth scores also significantly decreased.

Other studies have compared lateral pharyngoplasty and UPPP.
Cahali et al'” operated on 27 OSAS patients, using lateral phar-
yngoplasty on 15 and UPPP on 12. They found that AHI and
Epworth scores were significantly lower in the UPPP group.

There are more studies on UPPP, which is an older technique.
Varendh et al'® studied 129 UPPP patients for 20 years and reported
that 50% were satisfied with the results and 30% using CPAP.
Karatayh et al'® combined UPPP with thyrohyoid suspension on
20 patients and reported a success rate of 90%. Lim et al*’ combined
UPPP with tongue RFA and reported a success rate of 66%. Braga
et al*! reported that UPPP is more effective when combined with
other techniques. Mahakit et al** found a 77.8% success rate with
UPPP. Their follow-up period was between 25 and 37 months.
Adding our results to these studies, we can say that UPPP is a safe
choice for well-selected patients. Cahali et al'” reported favorable
results with the lateral pharyngoplasty technique.

In the current study, there were no significant differences
between the rates of decrease in AHI values between the groups.
In addition, both groups had higher minimum O, saturation levels
after surgery, although the increase in the lateral pharyngoplasty
group was higher. Similarly, the Epworth sleepiness scores signifi-
cantly decreased after surgery in both groups, but the decrease was
higher in the lateral pharyngoplasty group.

Our study confirms that both techniques led to successful out-
comes in our patient sample. We believe that multilevel surgery
addressing all pathologic sites, combined with sleep endoscopy and
Muller’s maneuver, should be considered. More studies on more
patients with control groups are needed.

CONCLUSIONS

Lateral pharyngoplasty and UPPP are successful surgical techniques
when patients are thoroughly evaluated through detailed ear—nose—
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throat examinations, sleep endoscopy, and Muller’s maneuver, and
the pathology is well addressed. Our results are consistent with those
reported in the literature. A total of 23 patients with 2 years of follow-
up, however, may not be enough to state a definitive result. Longer
studies with more patients are always needed. In conclusion, we note
that every patient must be considered personally. Not all OSAS
patients need the same treatment. Each patient must always be
thoroughly examined to identify an appropriate treatment.

REFERENCES

1. Friedman M, Tanyeri H, La Rosa M, et al. Clinical predictors of
obstructive sleep apnea. Laryngoscope 1999;109:1901-1907
2. Duran J, Esnaola S, Rubio R, et al. Obstructive sleep apnea hypopnea
and related clinical features in a population-based sample of subjects
aged 30 to 70 yr. Am J Respir Crit Care Med 2001;163:685-689
3. Hobson JC, Robinson S, Antic NA, et al. What is “success” following
surgery for obstructive sleep apnea? The effect of different
polysomnographic scoring systems. Laryngoscope 2012;122:
1878-1881
4. Thorpy M, Chesson A, Derderian S, et al. Practice parameters for the
treatment of obstructive sleep apnea in adults: the efficacy of surgical
modifications of the upper airway. Sleep 1996;19:152—-155
5. Schwab RJ, Gupta KB, Gefter WB, et al. Upper airway and soft tissue
anatomy in normal subjects and patients with sleep disordered
breathing: significance of the lateral pharyngeal walls. Am J Respir Crit
Care Med 1995;152:1673-1689
6. Cahali MB. Lateral pharyngoplasty: a new treatment for obstructive
sleep apnea hypopnea syndrome. Laryngoscope 2003;113:1961-1968
7. American Thoracic Society Board Directors. Indications and
Standards for use of nasal continuous positive airway pressure
(CPAP) in sleep apnea syndromes. Am J Respir Crit Care Med
1994;150:1738-1745
8. Stradling JR. Obstructive sleep apnea. Definitions, epidemiology and
natural history. Thorax 1995;50:683—689
9. Fairbanks DN. Operative techniques of uvulopalatopharyngoplasty. Ear
Nose Throat J 1999;78:846-850
10. Practice Committee of the American Sleep Disorders Association.
Practice parameters for the indications for polysomnography and
related procedures. Sleep 1997;20:406—422
11. Bausmer U, Gouveris H, Selivanova O, et al. Correlation of the Epworth
Sleepiness Scale with respiratory sleep parameters in patients with
sleep-related breathing disorders and upper airway pathology. Eur Arch
Otorhinolaryngol 2010;267:1645-1648
12. Raunio A, Rauhala E, Kiviharju M, et al. Bimaxillary advancement as
the initial treatment of obstructive sleep apnea: five years follow-up of
the pori experience. J Oral Maxillofac Res 2012;3:e5
13. Boyd SB, Walters AS, Song Y, et al. Comparative effectiveness of
maxillomandibular advancement and uvulopalatopharyngoplasty for
the treatment of moderate to severe obstructive sleep apnea. J Oral
Maxillofac Surg 2013;71:743-751
14. Li S, Shi H. Lingual artery CTA-guided midline partial glossectomy
for treatment of obstructive sleep apnea hypopnea syndrome. Acta
Otolaryngol 2013;133:749-754
15. Rotenberg B, Hu A, Fuller J, et al. The early postoperative course of
surgical sleep apnea patients. Laryngoscope 2010;120:1063—-1068
16. Kezirian EJ, Hohenhorst W, de Vries N. Drug-induced sleep endoscopy:
the VOTE classification. Eur Arch Otorhinolaryngol 2011;268:
1233-1236
17. Cahali MB, Formigoni GG, Gebrim EM, et al. Lateral pharyngoplasty
versus uvulopalatopharyngoplasty: a clinical, polysomnographic and
computed tomography measurement comparison. Sleep 2004;27:
942-950
18. Vidrendh M, Berg S, Andersson M. Long-term follow-up of patients
operated with Uvulopalatopharyngoplasty from 1985 to 1991. Respir
Med 2012:S0954-S6111
19. Karatayli-Ozgiirsoy S, Demireller A. Hyoid suspension surgery with
UPPP for the treatment of hypopharyngeal airway obstruction in
obstructive sleep apnea. Ear Nose Throat J 2012;91:358-364

© 2015 Mutaz B. Habal, MD

Copyright © 2015 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.



The Journal of Craniofacial Surgery * Volume 26, Number 7, October 2015

Brief Clinical Studies

20. Lim DJ, Kang SH, Kim BH, et al. Treatment of obstructive sleep apnea
syndrome using radiofrequency-assisted uvulopalatoplasty with
tonsillectomy. Eur Arch Otorhinolaryngol 2012;270:585-593

21. Braga A, Carboni LH, do Lago T, et al. Is uvulopalatopharyngoplasty
still an option for the treatment of obstructive sleep apnea? Eur Arch
Otorhinolaryngol 2012;270:549-554

22. Mahakit P, Siriputhorn P, Chalermwattanachai T. Tonsillectomy with
uvulopalatopharyngoplasty and tongue base surgery for treatment
of obstructive sleep apnea. J Med Assoc Thai 2012;95(Suppl 5):
S111-S115

The Efficacy of Levobupivacaine
Hydrochloride—Dexamethasone
Infiltration for Post-
Tonsillectomy Pain in Adults

Ali Bayram, MD,* Murat Dogan, MD,* Celalettin Cihan, .
MD,T Duran Karatas, MD,l Giinhan Gokahmetoglu, MD,’ and
Ibrahim Ozcan, MD*

Objective: The aim of the study is to evaluate the efficacy of
peritonsillar infiltration of a levobupivacaine hydrochloride and
dexamethasone combination for post-tonsillectomy pain in adult
patients.

Methods: A total of 40 patients were included in this double-blind,
randomized, and placebo-controlled study. The patients were
equally randomized into 2 groups by means of sealed envelopes.
The study group (SG) received peritonsillar levobupivacaine hydro-
chloride and dexamethasone infiltration and the control group (CG)
received peritonsillar saline infiltration. Pain scores at the second,
fourth, eighth, 12th, 16th, and 24th hours and the second to seventh
days after operation were recorded by the patients in each
group using a visual analog scale. Duration of surgery and the
total amount of blood loss during the surgery were also recorded for
each patient.

Results: All pain scores in the SG were lower than those in the CG;
however, the difference was significant at the second, 12th, and 16th
hours, and the second and third day (P <0.05). Postoperative
morbidity parameters, including otalgia, nausea, vomiting, fever,
halitosis, and bleeding were similar between the 2 groups. Total
amount of analgesic consumption in the SG was significantly lower
than in the CG on each day of the week after tonsillectomy.
Conclusions: Peritonsillar infiltration of a levobupivacaine hydro-
chloride and dexamethasone combination may provide pain
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reduction and decrease analgesic consumption in the postoperative
period after adult tonsillectomy.

Key Words: Adult, dexamethasone, levobupivacaine
hydrochloride, postoperative pain, tonsillectomy

hroat pain after tonsillectomy causes severe morbidity in

patients, which may lead to decreased oral intake, dehydration,
secondary infection, and bleeding.' Pain after tonsillectomy is
believed to be initiated by local tissue damage that causes the
liberation of inflammatory mediators, and is continued by the
stimulation of C-fiber afferents located in the peritonsillar space.
Pharyngeal muscle spasms and local nerve irritation also contribute
to triggering pain.™

Levobupivacaine hydrochloride is a newer S-enantiomer of
bupivacaine that has long-lasting activity with low cardiac and
neurologic toxicities.” Dexamethasone is a synthetic glucocorticoid
that has a strong antiinflammatory effect with a long half-life of 36
to 72 hours. Preoperative peritonsillar infiltration of a levobupiva-
caine hydrochloride and dexamethasone combination was found to
be an effective method of pain control in children.® In the current
study, we aimed to evaluate the efficacy of a levobupivacaine
hydrochloride and dexamethasone combination on post-tonsillect-
omy pain and morbidity in adult patients, because adults have more
severe pain and longer recovery after tonsillectomy. To the best of
our knowledge, the current study is the first randomized, double-
blind, and placebo-controlled study to investigate the efficacy of
peritonsillar infiltration of a levobupivacaine hydrochloride and
dexamethasone combination in adult patients during a 1-week
period.

MATERIALS AND METHODS

This prospective, randomized, double-blinded, and placebo-
controlled study was conducted in the Department of Otorhinolar-
yngology Head and Neck Surgery of the Kayseri Training and
Research Hospital between February 2014 and October 2014. A
total of 40 patients who were admitted for tonsillectomy were
randomly divided into the study group (SG) and the control group
(CG) by means of sealed envelopes. The SG received levobupiva-
caine hydrochloride and dexamethasone sodium phosphate infiltra-
tion to peritonsillar fossae and the CG received saline injection. The
indications for tonsillectomy were recurrent tonsillitis and/or ton-
sillar hypertrophy with obstructive symptoms. A written informed
consent was obtained from the patients and the study protocol
was approved by the Ethics Committee of the Kayseri Erciyes
University School of Medicine (Turkey) (Reference:2014/161).
The criteria for exclusion were as follows: patients age <18 and
>60 years, allergy to any drugs used during the study, chronic
analgesic intake, presence of severe systemic disease, or any
coagulation disorder, or history of peritonsillar abscess.

All procedures were performed under general anesthesia using a
standard anesthetic protocol. No patient received premedication.
Following induction of anesthesia with 2.5 mg/kg propofol, neuro-
muscular relaxation was achieved with 0.6 mg/kg rocuronium.
After endotracheal intubation, anesthesia was maintained with
sevoflurane combined with nitrous oxide in oxygen. Additional
boluses of recuronium were injected if necessary.

All surgical procedures were performed by the same surgeon.
The study drug consisted of 4 ml of 5% levobupivacaine hydro-
chloride (Chirocaine 5mg/ml; Abbot, Nycomed Pharma AS
NO-2418 Elverum, Norway) and 2ml of dexamethasone sodium
phosphate (Dekort 4mg/ml; Deva Holding, Istanbul, Turkey).
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Injections were performed with straight 27-G needles using an
aspiration-injection technique. A total 3ml of drug mixture was
infiltrated into the tonsillar fossae at 3 injection points as follows:
Iml to the superior pole, 1ml to the inferior pole, and 1ml
between these two. Sharp dissection tonsillectomy with bipolar
coagulation for hemostasis was performed 5 minutes after the
injection. The identical procedure was also performed for the
contralateral side. In the CG, a total of 6 ml of 0.9% saline solution
was infiltrated as the study drug in the same manner to the tonsillar
fossae and the rest of the surgical steps were the same as for the SG.
Solutions for the study were prepared by the same anesthesiologist,
who was not included in the postoperative evaluation, and neither
the surgeon nor the patients were aware of the content of
the injected solution. Duration of surgery and the total amount
of blood loss during the surgery were recorded for each patient. All
patients were administered amoxicillin—clavulanic acid suspension
(40 mg/kg/day) 2 times daily. A maximum of 500 mg paracetamol 4
times daily were also given to patients for pain control if they
had pain.

A visual analog scale graded from 0 to 10 points was used to
evaluate the postoperative pain of the patients. Pain scores at the
second, fourth, eighth, 12th, 16th, and 24th hours and the second to
seventh days after the operation were recorded by the patients using
a visual analog scale. Postoperative morbidity, including otalgia,
nausea, vomiting, fever, halitosis, and bleeding was also written
on a diary questionnaire form by the patients during the 1 week
after surgery. Total amount of analgesic consumption was also
documented on the diary questionnaire.

Statistical analysis was performed using the Statistical Package
for the Social Sciences (v. 15; SPSS Inc., Chicago, IL). A 2-tailed
unpaired Student ¢ test was used to compare the parametric con-
ditions of the 2 groups and x> for comparison of categorical
variables. Mann-Whitney test was carried out for nonparametric
conditions. Data are presented as mean = SD and a P value less than
0.05 was considered significant for all comparisons.

RESULTS

The demographic and operative data (age, sex, operation time, and
blood loss) of the patients are shown in Table 1 and there was
no significant difference between SG and CG in these parameters
(P>0.05).

The postoperative pain scores for the SG and CG at the second,
fourth, eighth, 12th, 16th, and 24th hours and the second to seventh
days are reported in Table 2. All pain scores in the SG were lower
than those in the CG; however, the difference was significant at the
second, 12th, and 16th hours, and the second and third day between
the groups (P < 0.05).

The results of postoperative morbidity parameters are shown in
Table 3. There was no statistical difference between the groups in
terms of postoperative morbidity parameters (P > 0.05). Total
amount of analgesic consumption in the SG was significantly lower
than in the CG on each day of the week after the tonsillectomy

TABLE 1. Demographic and Operative Data (n, Mean = SD)

Study Group Control Group

(N=20) (N=20) P Value
Age (years) 252+8.1 23.5£6.9 0.48
Sex I11F,9M 12F,8M 1
Operation time (min) 29.7+8.5 29483 0.78
Blood loss (ml) 322+142 30+£14.3 0.62

F, female; M, male.

TABLE 2. Pain Scores for SG and CG (Mean = SD) after Tonsillectomy

Study Group (N =20) Control Group (N =20) P Value
2nd hour 54429 74+22 0.021
4th hour 55+£25 6.5+£2.7 0.232
8th hour 56+24 6.8+2.1 0.123
12th hour 53+£25 725 0.047
16th hour 47+24 69+25 0.009
24th hour 53+27 6.5+2.6 0.168
2nd day 57+2 7.1+£2.1 0.043
3rd day 44+23 58+1.7 0.048
4th day 45+2.6 5.6+23 0.171
Sth day 46+29 55+28 0.302
6th day 44+3.1 55422 0.209
7th day 3.8+27 48423 0.243

CG, control group; SG, study group;

(Table 4). There were no complications associated with the levo-
bupivacaine hydrochloride and dexamethasone combination in
the SG.

DISCUSSION

Pain control after tonsillectomy constitutes a major problem in adult
patients and there are many studies in the literature conducted with
different protocols to investigate the efficacy of local anesthetic or
steroid application on pain relief after tonsillectomy.>”° A great
majority of these studies were performed in children. Studies based
on the efficacy of the newer local anesthetics on post-tonsillectomy
pain and comorbidities in adult patients are insufficient in the
literature.

The analgesic effect of levobupivacaine hydrochloride infiltra-
tion in adult patients with otolaryngological pathologies was inves-
tigated in only a few studies. Kasapoglu et al'® investigated the
efficacy of levobupivacaine hydrochloride infiltration on post-
tonsillectomy pain relief in adults in a single-blinded, randomized,
and controlled study design. They found pain scores to be signifi-
cantly lower after levobupivacaine hydrochloride infiltration com-
pared with the CG in the first 24 hours and concluded that more in-
depth, double-blinded, and placebo-controlled studies are required
to elucidate its long-term benefits. In another study, Tatar et al'’
demonstrated that the infiltration of levobupivacaine hydrochloride
alone, and in particular with the combination of steroids in patients
undergoing modified radio frequency-assisted uvulopalatoplasty
allowed less postoperative pain.

Preoperative infiltration of corticosteroids alone or in combi-
nation with local anesthetics has been shown to reduce surgical
morbidities, including pain after head—neck procedures, "-'*' but
studies conducted with levobupivacaine hydrochloride and dexa-
methasone are very few in the literature and mainly performed
in children. Aysenur et al'* evaluated the effects of preemptive

TABLE 3. Postoperative Data Related to Morbidity

Study Group (N =20) Control Group (N =20) P Value
Nausea 7 8 1
Vomiting 0 1 1
Fever 4 5 1
Otalgia 11 15 0.32
Halitosis 8 8 1
Bleeding 1 2 1
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TABLE 4. Total Amount of Analgesic Consumption

Study Group (N =20) Control Group (N =20) P Value
Ist day 22+1 29409 0.027
2nd day 2.1£0.9 285+1 0.035
3rd day 1.8+£1.2 27413 0.043
4th day 1.8£1.2 26£12 0.035
5th day 1.6£1.2 24+1 0.040
6th day 1.2£1.1 23+£12 0.006
7th day 1.05+1 21+1.2 0.005

local infiltration of dexamethasone versus levobupivacaine
hydrochloride on postoperative pain and morbidity in 60 pediatric
adenotonsillectomy patients. They concluded that peritonsillar
dexamethasone infiltration was more effective than both levobu-
pivacaine hydrochloride and saline in reducing post-tonsillectomy
pain. In another study, Basuni et al® reported that addition of
dexamethasone to levobupivacaine hydrochloride for preoperative
peritonsillar infiltration has better postoperative analgesic effects
than intravenous dexamethasone combined with peritonsillar levo-
bupivacaine hydrochloride infiltration in children. There was no
significant difference in postoperative emesis, fever, and halitosis
between the groups in their study.

Warnock and Lander! reported that considerable pain lasted for
more than 7 days after tonsillectomy, with the most intense pain
being seen in the first 3 days, whereas for the following 4 days, there
was a gradual decline in pain sensitivity. Therefore, the follow-up
period of the patients after tonsillectomy was maintained to the
seventh day in the current study. Preincisional peritonsillar infil-
tration of a levobupivacaine hydrochloride and dexamethasone
combination reduced pain in the first 24 hours and the following
7 days compared with saline injection in this study. The difference,
however, was significant at the second, 12th, and 16th hours, and
the second and third day between the groups (P < 0.05). Also, we
did not find any significant difference in postoperative morbidity
parameters, including otalgia, nausea, vomiting, fever, halitosis,
and bleeding between the 2 groups. The total amount of analgesic
consumption in the SG was significantly lower than in the CG on
each day of the week after tonsillectomy.

One of the limitations of our study was the small number of
subjects in each group. Another limitation may be the lack of a third
group receiving levobupivacaine hydrochloride infiltration alone.
To the best of our knowledge, the current study, however, is the first
randomized, double-blind, and placebo-controlled study investi-
gating the efficacy of peritonsillar infiltration of a levobupivacaine
hydrochloride and dexamethasone combination in adult patients for
a 1-week period of time.

CONCLUSIONS

Our results showed that a levobupivacaine hydrochloride and
dexamethasone combination administered to the peritonsillar space
can help pain control and decrease analgesic consumption in the
postoperative period after adult tonsillectomy. The pain relieving
effect of the drug combination can last to the third day after the
operation. Further studies with a larger number of participants are
required to support these results.
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Abducens Nerve Palsy and
Ipsilateral Horner Syndrome in a
Patient With Carotid—Cavernous
Fistula

Ali Kal, MD,” Zeynep E. Ercan, MDD, _
Enes Duman, MD,i and Enver Arpaci, MD?

Abstract: The combination of abducens nerve palsy and ipsilateral
Horner syndrome was first described by Parkinson and considered
as a localizing sign of posterior cavernous sinus lesions. The authors
present a case with right abducens nerve palsy with ipsilateral
Horner syndrome in a patient with carotid—cavernous fistula
because of head trauma. The patient was referred to the ophthal-
mology clinic with diplopia complaint after suffering a head trauma
during a motorcycle accident. Cerebral angiography showed low-
flow carotid—cavernous fistula.
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T raumatic abducens nerve palsy is a well-known complication of
cranial trauma. The combination of abducens nerve palsy and
ipsilateral Horner syndrome, on the contrary, was first described by
Parkinson' as a separate syndrome localizing the lesion to posterior
cavernous sinus. Ocular sympathetic nerve fibers enter the caver-
nous sinus with the internal carotid artery and then join the
abducens nerve for a small distance in the posterior cavernous
sinus. Thus, a postganglionic Horner syndrome and ipsilateral
abducens palsy is an important indication for lesions in or effecting
cavernous sinuses. We present a case with right abducens nerve
palsy with ipsilateral Horner syndrome in a patient with carotid—
cavernous fistula.

CLINICAL REPORT

A 22-year-old man was injured in motorcycle accident and was
referred to our clinic for admission into intensive care unit. His
computed tomographic scans showed basal skull fracture extending
to carotid canal and pneumocephalus. Two days after his admission,
he was referred to the ophthalmology department because of
diplopia. Ocular examination showed right lateral rectus palsy
and right partial ptosis (Fig. 1). His corrected visual acuity was
1.0 in each eye. Both light and near reflexes were prompt and there
was no relative afferent pupillary defect. Biomicroscopic examin-
ation showed subconjunctival hemorrhage in his left eye and
bruising of left eyelids. Funduscopic findings did not demonstrate
any abnormalities. No proptosis was present with Hertel exophtal-
mometry, with both eyes at 14 mm. Palpebral fissure was 5 mm in
the right eye and 7 mm in the left eye. Pupil diameter was 4 mm in
the right eye and 6 mm in the left eye under darkened conditions
(Fig. 2). As a result, Horner syndrome was suspected and to
confirm the diagnosis 10% cocaine solution was inserted twice.
Following the cocaine test, pupil diameter was 5 mm in the right
eye and 7mm in the left eye in dark. 1% hydroxyamphetamine test
was not performed because of nonavailability. Instead, considering
the involvement of both abducens nerve and sympathetic
fibers; cerebral angiography was suggested. Cerebral angiography
showed a low-flow direct carotid—cavernous fistula (Type A)
(Figs. 3 and 4).

DISCUSSION

Abducens nerve is known to be vulnerable to trauma and inflam-
mation, its impairment giving no clue to the damaged lesion site.
Horner syndrome is caused by an interruption of the oculosympa-
thetic pathway and can also be a diagnostic challenge. To determine
Horner syndrome, 10% cocaine solution is used. The presynaptic
uptake of norepinephrine is blocked by the cocaine in the papillary
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FIGURE 1. Ocular examination depicting right lateral rectus palsy and right
partial ptosis.

FIGURE 2. Anisocoria. Pupil diameter was 3 mm in the right eye and 5mm in
the left eye under darkened conditions.

dilator neuromuscular junction, causing dilation in normal pupil.
Cocaine has been shown to be highly effective at separating Horner
syndrome patients from controls, with a postcocaine anisocoria of
>0.8 mm giving an odds ratio of 1050:1.

Next step is 1% hydroxyamphetamine drops to determine the
localization; but it is necessary to wait at least 24 to 48 hours before
using it, if cocaine was used.> When abducens palsy, however, is
combined with ipsilateral blepharoptosis and pupillary miosis,
they give an important clue about localization. Sympathetic inner-
vation to the eye and ocular adnexae has a three-neuron pathway
beginning in the central nervous system and concludes at the eye,
and its third-order neurons form a plexus surrounding the internal
carotid artery and enter the carotid canal into the cavernous sinus,
leaving the fibers responsible for sweat and piloerection of the face
to follow the external carotid artery. In posterior part of the
cavernous sinus, the sympathetic fibers travel with the intracaver-
nous sixth cranial nerve before joining the ophthalmic division of
the trigeminal nerve on its course into the orbit. Since abducens
nerve and sympathetic fibers cross pathways at the posterior part of
the cavernous sinus, it was first predicted by Parkinson' that
abducens nerve palsy and simultaneous ipsilateral Horner syn-
drome could be a symptom of cavernous sinus lesions. This
combination of abducens nerve palsy and ipsilateral Horner syn-
drome with different pathologies have been reported in the litera-
ture, including intracavernous internal carotid artery aneurysm,*>
petrous apex fracture,® metastasis,>”*® and intracavernous carotid
aneurysm.”'® Our patient had a traumatic type A carotid—caver-
nous fistula following carotid canal involvement in basilar cranial
fracture.

In conclusion, we emphasize that the combination of abducens
nerve palsy and ipsilateral Horner syndrome is an important sign of
posterior cavernous sinus injury, and should be remembered in
management of head trauma patients.

FIGURE 3. Computed tomography imaging showing the carotid canal
involvement in basilar cranial fracture.

FIGURE 4. Cerebral angiography showing a direct carotid—cavernous fistula
originating from the intracavernously located internal carotid artery.
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