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Objective Despite its technical feasibility, anterior skull base surgery still carries the
risk of severe postoperative complications, morbidity, and mortality. The reported rate
of complications has diminished over the past two decades, but they continue to pose
various challenges. This study aims to report late complications in a relatively large
series of patients who underwent open anterior skull base surgery, and to propose
methods for averting such complications.

Methods Retrospective chart review of all patients who underwent anterior open
skull base surgery between 2000 and 2016 in a university-affiliated tertiary referral
cancer center.

Results There were 301 operations, of which 198 (65.8%) were for benign disease and
103 (34.2%) were for malignant tumors. The male-to-female ratio was 1.4:1, and the
mean age was 44.8 years. Delayed complications occurred in 85 patients (28.2%): 31
(10.3%) involved wounds, 18 (13.9%) involved the central nervous system, and 14
(4.6%) involved the orbit. Multivariate analysis found malignant pathology, intracranial
extension, and previous radiochemotherapy as predictors for the development of a
delayed complication. The patients who were operated in the later study period (after
2007) had lower rates of all three types of complications compared with the earlier
study period.

Conclusion Delayed complications following skull base surgery are in decline. This is
mainly due to the advancement in imaging studies, surgical techniques, development
of sophisticated reconstructive procedures, and the cooperation of multidisciplinary
teams. We attribute the reduction in our department to our revised treatment protocol
which is presented herein, with emphasis on averting the occurrence of these
complications.

Level of Evidence The level of evidence is 4.
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Introduction

Lesions of the skull base, which were considered inoperable
at the beginning of the last century, can now be reached by
means of various open and endoscopic approaches. Ever
since Dandy’s description of a craniofacial technique in
1941 and Ketcham’s first description of open approaches
to the skull base in 1963, ongoing efforts for improvement
and refinement of the technique have led to reduction in
complication rates.'~3 The skull base region is complex, and
it harbors a unique structure with great functional and
esthetical significance. Its composition of various types of
tissues that are subject to defects that are often large, taken
together with anticipated adjuvant chemoradiation, requires
meticulous ablation and assorted methods of reconstruction.
Given the proximity of these lesions to vital structures, both
the primary pathology as well as its treatment can be
associated with a variety of complications. Accumulating
experience has led to a better understanding of this unique
region. Multidisciplinary treatment approaches that evolved
during the past decades have led to considerably improved
treatment of these patients. Despite such improvement,
however, surgery in this region still carries a high risk for
complications which occur in up to 50% of the cases.*®
The purpose of this study was to present 16 years of
experience of a single Israeli tertiary referral cancer center.
We compared a recent cohort to a historic cohort to identify
trends and risk factors for the development of delayed com-
plications after surgery by open approaches to the anterior
skull base and to offer a strategy for averting their occurrence.

Patients and Methods

This study was approved by the Institutional Review Board
(IRB TLV-0730-14) of Tel Aviv Sourasky Medical Center, and
patient consent was waived. A computer-assisted search
performed by the institutional operation registry identified
all patients who were operated for skull base lesions at all
ages. We then reviewed the medical records of all patients
who were operated for anterior skull base lesions at the
medical center between 2000 and 2016.

Atotal of 301 patients underwent open anterior skull base
surgery. Their medical charts were reviewed to retrieve the
following data: demographics, imaging studies, comorbid-
ities, tumor histology, disease characteristics, surgical ap-
proach and extension, reconstruction method, surgical
pathology, postoperative morbidity, and mortality. Follow-
up data were obtained from the clinical notes, imaging
studies, and histopathological results for all patients.

We focused specifically on delayed complications (> 30
days postsurgery), and they were divided into three catego-
ries: wounds (local infection, wound dehiscence, seroma,
fistula, and osteonecrosis), the central nervous system (CNS,
cerebrospinal fluid [CSF] leak, meningitis, hemorrhage,
pneumocephalus, cerebral edema, and seizures), and the
orbit (infection, hematoma, optic nerve or retinal injury,
globe injury, muscular injury, epiphora, ectropion, telecan-
thus and diplopia, and enophthalmos).
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First, we sought to identify the predictors for delayed
complications. Demographics, tumor characteristics, and
delayed complication rates were then compared between
the group of patients who were operated in the early period
of the study (2000-2007) and the group of patients who were
operated in the later period (2008-2016).

Statistical Analyses

Categorical variables were described using frequency and
percentage. Continuous variables were evaluated for normal
distribution using histograms and Q-Q plots. Continuous
variables were expressed as median and interquartile range.
Categorical variables were compared between categories
using the chi-square test or Fisher’s exact test. The Mann-
Whitney’s test was used to compare continuous variables
between age categories. A stratified Cox’s regression was
used to compare between groups. All statistical tests were
two tailed, and a p-value of < 0.05 was considered statisti-
cally significant. All statistical analyses were performed
using SPSS (IBM Corp. Released 2014. IBM SPSS Statistics
for Windows, Version 22.0, Armonk, New York, United States:
IBM Corp.).

Results

A total of 301 open anterior skull base surgeries were
performed throughout the 16-year study period. The
patients’ mean age was 44.8 years (range from 3 months
to 88 years). The male-to-female ratio was 1.4:1. One-
hundred and seven (35.5%) patients had major comorbid-
ities, 103 patients (34.2%) had malignant pathology, 111
(32.9%) had undergone previous surgery of the anterior
skull base, and 78 (25.9%) had undergone preoperative
chemoradiotherapy. The overall rate of delayed complica-
tions was 28%: 31 patients (10.3%) had wound complica-
tions, 42 (13.9%) had CNS complications, and 14 (4.6%) had
orbital complications.

The univariate analysis revealed that age older than
50 years, major medical comorbidities, previous surgery,
previous radiochemotherapy, malignant pathology, dural
tumor extension, intracranial tumor extension, lumbar
drainage insertion, and operation before 2007 were predic-
tors for the development of complications. Reconstruction
with a vascularized flap was found to reduce complications
(=Table 1). The multivariate analysis revealed that previous
radiochemotherapy, intracranial tumor extension, and ma-
lignant pathology were predictors for the development of
complications (=Table 2).

The patient and tumor characteristics of the group of
patients who were operated in the earlier period (2000-
2007) were similar to those of the patients who were
operated in the later period (2008-2016), with the exception
of a higher rate of vascularized flap reconstructions in the
latter group (=Table 3). There were significant reductions in
the CNS (from 23.8 t0 6.4%, p < 0.01) and wound (from 14.6 to
7%, p = 0.03) complications rates, as well as a reduction in the
orbital complication rate (from 6.9 to 2.9%, p =0.1) between
the earlier period and the later period (~Fig. 1).
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Table 1 Univariate analysis of complications

Table 2 Multivariate analysis of complications

Note: Bold indicates significance.

Discussion

Delayed Complications

Advancements in imaging studies, surgical techniques, and
reconstruction methods have led to an increasing number of
operable skull base lesions and a decrease in the associated

Variable | Complication rate p-Value Variable Odds 95% Confidence in- | p-Value

ratio terval

Age, y

Lower | Upper
<50 38/185 (20.5%) <0.001 ol
N Malignant 148.341 3.865 5,692.737 0.007
>50 47/116 (40.5%) pathology

Gender Intracranial 18.305 1.874 178.799 0.012
Female 30/125 (24%) 0.168 extension
Male 55/176 (31.5%) Previous 0.047 0.003 0.79 0.034

2 radiochemotherapy

Pathology Previous surgery 3.057 0.508 18.404 0.222
Malignant 60/103 (58.2%) <0.001 Lumbar drainage | 0.327 | 0.035 | 3.042 0.326
Benign 25/198 (12.6%) Operation >2007 | 1.91 0412 | 8.864 0.409

Major medical comorbidities Orbital extension | 1.79 0.422 | 7.599 0.43
Absent 39/194 (20.1%) <0.001 Major 1.897 0372 | 9.667 0.441
Present 48/107 (44.9%) comarbidities

Previous surgery Dural extension 0.519 0.063 4.28 0.543
Absent 33/181 (18.2%) <0.001 Age 50y 1.288 0.246 | 6.749 0.764
Present 55/120 (43.3%) Vasculanzeq flap 0.857 0.217 | 3.381 0.826

reconstruction

Previous radiochemotherapy

Note: Bold indicates significance.
Absent 45/223 (20.2%) <0.001
Present 40/78 (51.3%) Table 3 Time-related demographics and tumor characteristics
Adjuvant radiochemotherapy (univariate analysis)
Absent 39/231 (16.9%) <0.001
- Variable 2000-2007 | 2008-2016 | p-Value
Present 46/70 (657/0) n=130 n=171

Intracranial extension Age, mean, y 39.7+19 45.5+17.9
Absent 22[176 (12.5%) <0.001 Age >50 (%) 49 (37.7) 67 (39.2) 0.793
Present 63/125 (50.4%) Gender, male (%) 78 (60) 98 (57.3) 0.639

Dural extension Major medical 43 (33.1) 64 (37.4) 0.435
Absent 11/134 (8.2%) <0.001 comorbidities (%)

Present 74/167 (44.3%) Previous surgery (%) 53 (40.8) 67 (39.2) 0.78
- - Previous 34 (26.1) 44 (25.7) 0.934
Orbital extension radiochemotherapy (%)
Absent 40/162 (24.7%) 0.061 Adjuvant 33 (25.4) 37 (21.6) 0.446
Present 48139 (32.4%) radiochemotherapy (%)
Lumbar drainage Malignant 49 (37.7) 54 (31.6) 0.268
pathology (%)
Absent 21/180 (11.7%) <0.001 :
Intracranial 58 (44.6) 67 (39.2) 0.343
Present 64/121 (52.9%) extension (%)

Vascularized flap reconstruction Dural extension (%) 65 (50) 102 (59.6) 0.095
Absent 56/167 (33.5%) 0.012 Orbital extension (%) 60 (46.15) | 79 (46.2) 0.994
Present 64/134 (21.6%) Vascularized flap 44 (33.8) 90 (52.6) 0.001

reconstruction (%)

Year of surgery
2000-2006 59/130 (45.4%) <0.001 Note: Bold indicates significance.

2007-2016 26/171 (15.2%)

complication rates.*”~° Craniofacial and subcranial approaches
to the anterior skull base are known to provide good tumor
control. Nevertheless, this complex region involves neurovas-
cular and other structures, whose preservation is important for
maintaining function and for obtaining a good aesthetic result.
In addition to the resultant anatomy following surgical treat-
ment, the chemoradiation therapy that is given to the majority
of patients with malignant tumors in this region also increases
the likelihood of tissue insult.
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Fig. 1 Time-related complications (univariate analysis). CNS, central nervous system.

In light of the considerable progress and refinements in
surgical capabilities as well as the better understanding of this
region that had been gained through experience, we sought to
examine the trends over time in postoperative morbidity in
our single tertiary cancer center over a 16-year period. This
study’s main purpose was to identify the factors that affected
the complication rate throughout this period, and to trace
time-related changes in patient and tumor characteristic and
complications. At the beginning of the later period of this study
(2007), we established an institutional treatment protocol
based on methods of treatment described in the literature
and our own accumulated experience. We then compared the
outcomes of delayed complications of open anterior skull base
surgery before and after its implementation.

Although patients in both the earlier and later groups
were comparable in demographics and tumor characteristics
(=Table 3), the later group had significantly lower overall
complications rates, significantly lower CNS and wound
rates, and a trend toward lower orbital complication rates
(=Fig. 1). Of note, they also had a higher rate of vascular flap
reconstructions. We attribute this reduction to our depart-
ment’s open skull base treatment protocol (see later).

Averting Complications

We established a departmental treatment protocol for open
approach skull base surgery in 2007 (~Fig. 2).'% Its basis is the
cooperation of a multidisciplinary team, which includes otolar-
yngologic and maxillofacial surgeons, neurosurgeons, plastic

surgeons, ophthalmologists, anesthesiologists, neuroradiolo-
gists, head and neck oncologists, radiation oncologists, pathol-
ogists, nurses, physiotherapists, speech therapists, nutritionists,
psychologists, and social workers. Selection of the appropriate
treatment method is based on thorough assessment of each of
our patients by members of this expert team. Their cooperative
efforts were highly instrumental in providing superior treat-
ment of patients with skull base lesions. In the current study, the
univariate analysis found that age older than 50 years, major
comorbidities, previous surgery, previous radiochemotherapy,
and malignant pathology were some of the predictors for the
development of late complications, whereas the multivariate
analysis found that previous radiochemotherapy, intracranial
extension, and malignant pathology were predictors for delayed
complications (=Table 2). This is in concordance with
earlier studies and one recent publication which proved the
feasibility of skull base surgery in the elderly and even in
octogenarians.*%1!

The evolution of imaging studies allowed better staging
and delineation of the tumor extension to involved struc-
tures.'? In the current study, the multivariate analysis found
that intracranial tumor extension was a predictor for com-
plication development. We routinely use magnetic reso-
nance imaging, computed tomography (CT), and positron
emission tomography-CT studies to assess tumor extension
and to select the preferred reconstruction method. We
recently started printing three-dimensional models based
on imaging studies, and found it to be a valuable tool for
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* A multidisciplinary team effort

+ Imaging studies for tumor staging

* Older age is not a contraindication

* Lessons learned from QOL studies

* Consider endoscopic or combined open endoscopic approaches
+ Consider availability of Angiography suite

4

Intraoperative
considerations:

* Use broad-spectrum prophylactic antibiotic treatment to reduce infections
* Avoid routine insertion of a lumbar drainage

*» Do not shave the patient's head

* Form craniotomy segment as small as possible

* Preserve the pericranium for further use

* Ensure a tight dural seal to prevent CSF leak

* Consider vascularized locoregional/free flap for reconstruction

~

Postoperative
considerations:

* Immediate extubation to allow continuous neurological monitoring
* Admission to an intensive care unit for 24 h after surgery

* Close monitoring of the free flap at the intensive care unit

+ Antibiotic and anticoagulation therapy for 5 days

* Lumbar CSF drainage, when indicated, is left for 3-5 days

P €

4

Fig. 2 Proposed open skull base treatment protocol. CSF, cerebrospinal fluid; QOL, quality of life.

treatment planning and simulation for better ablative and
reconstruction outcomes.

The results of the current study demonstrated that recon-
struction with vascularized flaps lowered the complication
rate in the univariate analysis but not in the multivariate
analysis. Reconstruction with vascularized locoregional or
free flaps carries many advantages. The ablation sometimes
results in a large defect with complex spatial structures, and
the sterile cerebral cavity needs to be sealed, isolated, and
separated from the nasal cavity. Some of the patients are
planned for adjuvant radiation which bears an increased risk
of tissue insult that results in fistulas, osteoradionecrosis,
and other wound complications. Although it extends surgical
time and requires an experienced reconstruction team, we
prefer reconstruction with vascularized flaps rather than
primary closure. For subcranial approaches, it is important to
use as small a craniotomy segment as possible, and to

preserve the distal third of the nasal bone to reduce facial
deformity. The vascularized pericranium flap is used to wrap
the bony craniotomy segment, and the fascia lata graft is used
for dural reconstruction when there are large dural defects,
as we have described in depth elsewhere.'3~1>

Methods for the prevention of infection include avoidance
of shaving the patient’s head, which was shown to increase
infections as a result of breakage of the skin barrier, while also
improving patient satisfaction during the early postoperative
period."® Prophylactic broad-spectrum antibiotic treatment is
part of our routine, as had been noted by ourselves and others,
it might enable better healing and reduce the risk of chronic
contamination of pathogenic flora.'”~'® In 2007, we aban-
doned the routine use of continuous lumbar CSF drainage,
having observed that it increased early CNS complications.2°
When a high-flow CSF leak is anticipated, a lumbar drain may
be left for the first 3-5 postoperative days.
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The postoperative section of our protocol includes imme-
diate extubation to allow immediate and subsequent neuro-
logical assessment. A 3- to 5-day stay in an intensive care unit is
mandatory for neurological, wound, and free flap monitoring.
Part of our routine includes the use of pneumatic compression
devices and anticoagulation therapy for the prevention of deep
vein thrombosis, 5 days of antibiotic therapy as a method for
preventing infection, daily physiotherapy and nutritional sta-
tus assessment, and close follow-up by a psychologist and a
social worker. In addition, ongoing quality of life assessment
and lessons learned from questionnaires and previous studies
enable better understating of these unique patients and serve
to personalize their treatment.?'~24

The evolving possibility of reaching various sites at the
base of the skull via an endoscopic, and now by means of
robots, is highly promising by yielding lower morbidity and
better outcomes in some cases. Nevertheless, the open
approach or the combined open-endoscopic approach is
sometimes unavoidable, for better tumor control. Limita-
tions to this study include its retrospective nature and the
heterogeneity of the tumor histologies and characteristics. In
addition, changes in treatment strategies over the 16-year
period might have led to a patient selection bias.

Conclusion

Open surgery for the ablation of anterior skull base lesions is
effective and safe. This study identified the predictors for the
development of delayed complications as being malignant
pathology, intracranial extension, and previous radiochemo-
therapy to the anterior skull base. Patients who were oper-
ated before implantation of a herein proposed treatment
protocol in our department in 2007 had more CNS, wound,
and orbital complications compared with patients who were
operated in the later period. We suggest that our accumulat-
ing experience and current treatment protocol led to the
reductions of the rate of late complications following open
skull base surgery, rather than any single change in manage-
ment. We offer our treatment protocol as a possible strategy
for averting late complications of anterior skull base surgery.
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