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Aims
The aim of this study was to analyse the immediate results of surgical treatment of patients with tumours 

of the lateral skull base, operated on using an en bloc resection of petrosal bone procedure.
Materials and methods
The study included 37 patients operated on for tumours of the lateral skull base in the period from 

1992 to 2017. The obligatory study inclusion criterion was intracranial tumour extension. The patients were 
subdivided into 2 groups. Group 1 included 21 patients with malignant tumours (mainly epithelial tumours 
and chordomas). Group 2 included 16 patients with benign tumours of aggressive growth: paragangliomas 
(Fisch D1, Fisch D2, Glasscock-Jackson type IV), meningiomas grade III, giant cell reparative granuloma.) 
The degree of radicality in the removal of the tumour, incidence of complications and mortality and dynam-
ics of functional state were assessed. 

Results
The technique of en bloc resection of petrosal bone to the required extent allowed complete resection 

of the tumour in the majority of cases (71.4%) in patients with malignant tumours (group 1). The oncotomy 
radicality rate in group 2 was lower (37.5%), which was due to striking the balance between oncotomy 
extent and reduced risk of postoperative complications on account of feasibility of nonradical removal. The 
incidence of complications and mortality in our population of patients was 54.1% and 8%, respectively. 

Conclusions
The obtained results confirm the efficacy and relative safety of en bloc resection of petrosal bone in the 

surgical treatment of patients with tumours of the lateral skull base.
Keywords: en bloc resection of petrosal bone, lateral skull base, results, complications, mortality.

INTRODUCTION
Neoplasms in the lateral skull base rep-

resent a heterogeneous group of pathologies 
that differ by the source of initial growth, 
ways of spreading, the aggressiveness of 
development, and involvement of the sur-
rounding structures in the process. From a 
surgical point of view, tumors of the speci-
fied localization can be divided into two 
groups. The first group includes tumors that 
are resected by step-by-step fragmenting 
(meningioma, paraganglioma), and the sec-
ond group includes malignant tumors that 
require conventional surgical approaches, 
wherein the tumor is resected in a block 
with the adjoining healthy tissues. Com-
plete resection of such neoplasms guaran-
tees a long-term period of remission [1; 2].

Lateral skull base surgery is a relative-
ly young and actively developing field of 
medicine. Even though the first successful 
surgeries for neoplasms in this localization 
were performed on the border of the 19th-
20th centuries [3], for a long time, this area 

of neurosurgery was considered too time 
and effort consuming and the results were 
unsatisfactory. To improve the results of 
such surgery, some authors developed an 
original method called en bloc resection of 
the petrous pyramid that significantly in-
fluenced further development of the lateral 
skull base surgery [4; 5].

The aim of the present study was to 
analyze the short-term outcome of surgi-
cal treatment in patients with tumors of 
the lateral skull base that were operated by 
the method of en bloc resection of the pe-
trous pyramid.

MATERIALS AND METHODS
The study included 37 patients that had 

operations in different clinics for neoplasms 
in the lateral skull base in 1992-2017. An 
obligatory study entry criterion was intra-
cranial tumor spread. The criteria of study 
exclusion were a low level of the functional 
condition of a patient (less than 60% by the 
Karnofsky scale) and comorbid somatic 
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pathology at the stage of decompensation. 
Patients’ age varied from 18 to 73 years old 
(average age was 51.14±13.66).

The ratio of male and female patients 
was 1:1.47 (22 and 15, respectively).

Taking into account the existing dif-
ferences in the biology of the tumor pro-
cess, all the patients were divided into two 
groups. Group I included 21 patients with 
malignant neoplasms (primarily, epithelial 
tumors and chordomas). Group II included 
16 patients with benign tumors with an ag-
gressive type of growth: paragangliomas 
(Fisch D1, Fisch D2, Glasscock-Jackson 
type IV), meningiomas of Grade III, giant 
cell reparative granuloma.

To evaluate the outcome of the surgical 
treatment, the authors analyzed post-oper-
ative complications and outcomes of hospi-
talizations (dynamics of the clinical picture, 
neurological status, functional condition by 
the Karnofsky scale). The evaluation of the 
duration of the recurrence-free period was 
not performed. 

Statistical analysis was performed us-
ing the software package STATISTICA 
for Windows (version 10). The study was 
planned based on the requirements of 
variation statistics. The authors used stan-
dard statistical methods of the calculation 
of numerical parameters of random vari-
ants including CI 95%. The evaluation of 
the studied parameters that characterized 
different accesses in the dynamics was 

performed with a sign test and Wilcox-
on’s test. The estimation of paired statis-
tical correlations between the parameters 
was performed with Spearmen’s test and 
Bonferroni’s adjustment.

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or official rep-
resentative) before the study.

RESULTS
In Group I, the mean age of patients was 

50.38±16.57 years old (from 18 to 73 years 
old). In Group II, the main age of patients 
was 52.13±11.04 years old (from 22 to 
70 years old) (Figure 1).

The analysis of groups by sex re-
vealed the prevalence of men in Group I 
(57.1%) and women in Group II (81.25%) 
(Figure 2).

In the group of patients with malignant 
tumors (Group I), squamous cell cancer 
(8 cases, 38.1%) prevailed. Basal cell car-
cinoma was registered in 5 cases (23.8%), 
recurrent clivus chordoma – in 5 cases 
(23.8%), adenocarcinoma – in 3 cases 
(14.3%) (Figure 3). In Group II, paragan-
glioma prevailed (11 cases, 68.8%). There 
were 4 cases (25%) of meningioma Grade 
III, and 1 case (6.2%) of giant cell repara-
tive granuloma of the middle ear (Figure 4).

Fig. 1. Age-related parameters in both groups of patients



6

MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY    №4    2019

Fig. 2. The ratio of men and women in both groups

Fig. 3. Histological structure of tumors in Group I

Fig. 4. Histological structure of tumors in Group II
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The analysis of the frequency of surgi-
cal treatment showed that the first surgery 
was performed only in 3 cases (14.3%) in 
Group I, and in 7 cases (43.8%) in Group II. 
In the majority of cases, by the time of hos-
pitalization to the clinic, patients already 
underwent several non-radical surgical 
interventions including biopsy and partial 
resection (Table 1).

In the group of patients with malig-
nant neoplasms, radical types of en bloc 
resection of the petrous pyramid were 
performed (Table 2). This is explained by 
the necessity of complete resection of the 
tumor according to the principles of ablas-
tics, which requires a safe formation of a 
block of tissues by the healthy borderline 
with its further mobilization and resec-
tion. Apart from intra-operational control, 
the evaluation of the radicality of en bloc 
resection of the petrous pyramid was per-
formed using control post-operational CT 
images of the brain. The authors relied on 
the generally accepted criteria of the radi-

cality of resection described in the pub-
lished literature [6].

In the group of patients with benign tu-
mors, en bloc resection of the petrous pyra-
mid was performed primarily as an element 
of surgical access, which is confirmed by a 
lower number of radical en bloc resections 
in comparison with Group I (Table 3).

In the present study, all the patients un-
derwent different types of reconstruction 
of post-resection defects (Table 4). The 
necessity of this procedure is explained by 
the prevention of the formation of “dead 
space” in the area of intervention, which 
can be associated with an increased risk of 
post-operational complications that include 
inflammation and wound infection, liquor 
accumulation, and liquorrhea (in cases of 
dura mater defects).

En bloc resection of the petrous pyra-
mid in the required volume allowed the 
surgeons to perform radical tumor resection 
in the majority of patients with malignant 
neoplasms (Table 5).

Table 1
Number of non-radical surgical invasions that patients underwent by the time  

of hospitalization to the clinic 

Number of surgeries in the anamnesis Group I Group II Total
1 11 (52.4%) 4 (25%) 15 (40.5%)
2 3 (14.3%) 4 (25%) 7 (18.9%)
3 3 (14.3%) 1 (6.3%) 4 (10.8%)
4 1 (4.7%) 0 1 (2.7%)

Total 18 (85.7%) 9 (56.2%) 27 (73%)

Table 2
The ratio of the volumes of pyramid resection in Group I 

Volume of resection of the petrous pyramid Number of patients %
Lateral 2 9.5
Subtotal 16 76.2
Total 3 14.3

Table 3
The ratio of the volume of pyramid resection in Group II

Volume of resection of the petrous pyramid Number of patients %
Lateral 5 31.3
Subtotal 10 62.5
Total 1 6.2
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Table 4
Types of reconstruction of post-resection defects 

Type of reconstruction Group I Group II Total
Temporal muscle 2 (9.5%) 2 (12.5%) 4 (10.8%)
Aponeurosis, temporal muscle, periosteum 4 (19%) 10 (62.5%) 14 (37.8%)
TDF on the vascular pedicle 12 (57.2%) 4 (25%) 16 (51.6%)
TDF with microanastomosis 3 (14.3%) 0 3 (8.1%)
Total 21 16 37

Note: TDF – thoracodorsal flap

Table 5
Radicality of tumor resection in Group I 

Degree of resection radicality Number of patients %
Total (100-95%) 15 71.4
Subtotal (95-75%) 5 23.8
Partial (75-50%) 0 0
Extended biopsy (less than 50%) 1 4.8

Table 6
Radicality of resection of tumors in Group II

Degree of resection radicality Number of patients %
Total (100-95%) 6 37.5
Subtotal (95-75%) 7 43.8
Partial (75-50%) 3 18.7
Extended biopsy (less than 50%) 0 0

Total tumor resection was considered 
successful when it was resected in one 
block within the borders of healthy tissues. 
This method is called clean margin resec-
tion. Such result was registered in 15 pa-
tients (71.4%) from Group I. When it was 
not possible technically to resect the tumor 
completely because of the involvement of 
vital vessels and neural structures in the pro-
cess, the volume of resection was limited 
to subtotal resection (5 patients, 23.8%). In 
1 case, the tumor location and previous op-
erations did not allow the surgeons to per-
form the resection in the required volume.

The rate of radicality of tumor resection 
in Group II was lower (Table 6). This is ex-
plained by the balance between the volume 
of tumor resection and the decrease in risk of 
the post-operative deficit because, according 
to the published data, it is possible to per-

form non-radical tumor resection without a 
significant influence on the outcome. 

To evaluate the dynamics of the pa-
tients’ condition by the Karnofsky scale, 
the authors chose two endpoints: hospital 
admission and discharge. The dynamics of 
this data is presented in Figures 5 and 6.

The total amount of complications in 
groups is presented in Table 7. It is impor-
tant to note that in Group I, some local and 
general complications were observed in the 
same patient (4 patients, 19%).

A high rate of post-operative compli-
cations in Group I is explained by several 
factors: the initially relatively severe condi-
tion of a patient after previous operations 
in the anamnesis with further radiotherapy 
(18 cases, 85.7%), a vast volume of post-
resection cavities, and application of com-
plicated reconstructive techniques. 
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Fig. 5. Dynamics of the condition of patients by the Karnofsky scale in Group I (p<0.05) 

Fig. 6. Dynamics of the condition of patients by the Karnofsky scale in Group II (p<0.05)

Table 7
The total rate of complications in Groups 

Local General Total
Group I 11 (52.4%) 6 (28.6%) 17 (80.9%)
Group II 3 (18.8%) 0 3 (18.8%)

Total 14 (37.8%) 6 (16.2%) 20 (54.1%)

The analysis of complications by 
groups revealed the correlation between the 
increase in the rate of local complications 
(52.4%) and the increase in the rate of using 
TDF for closing the post-operative defect 

(71.4%) in patients with malignant tumors 
(Table 8). On the other hand, the recon-
struction of local tissues (75%) in Group II 
correlated with the decrease in the rate of 
local complications (18.8%).
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Table 8
Structure of complications 

Complication Group I Group II Total
Meningitis 4 (19%) 0 4 (10.8%)
Bleeding/hematoma 1 (4.8%) 0 1 (2.7%)
Liquorrhea 2 (9.5%) 2 (12.5%) 3 (8.1%)
Wound infection/marginal necrosis 7 (33.3%) 0 7 (18.9%)
Flap necrosis 1 (4.8%) 1 (6.3%) 2 (5.4%)
Neurologic impairment 6 (28.6%) 0 6 (16.2%)

It should be mentioned that in the pres-
ent study, the authors did not consider the 
development of the paresis of mimic struc-
ture on the side of operation after subtotal 
and total en bloc resection of the petrous 
pyramid as a complication because such 
manipulations are inevitably associated 
with the transection of the facial nerve.

The lethal outcome was registered in 
3 cases (8%) in Group I.

DISCUSSION
Presently, total radical resection with or 

without further adjuvant therapy is consid-
ered to be a generally-accepted method of 
treatment for patients with tumors of lateral 
skull base [7; 8]. An interdisciplinary ap-
proach to this surgical problem allows the 
specialists to achieve satisfactory results 
with a relatively low level of morbidity or 
lethality. 

Adequate reconstruction of the post-op-
erative defect is an obligatory component of 
a successful outcome of the treatment with 
en bloc resection [6; 9]. Apart from sealing 
the post-resection cavity, in order to prevent 
the formation of “dead space”, the chosen 
method of reconstruction should provide 
maximum aesthetic qualities, which po-
tentially influences the social adaptation of 
patients after the surgery. 

In the present study, the rate of compli-
cations and lethality was 54.1% and 8%, re-
spectively. The values of these parameters 
agree with the published data [1; 10-12].

The authors used a differential approach 
to en bloc resection of the petrous pyramid 
depending on the aim of the surgery. For 
patients with a malignant tumor, this meth-

od was used for the formation of a block 
of tissues that included the complete tumor 
node. Its clean margin resection agreed 
with the accepted practice in oncology. In 
the majority of patients with benign tumors, 
en bloc resection of the petrous pyramid 
was used as surgical access for adequate 
visualization and further mobilization of 
the tumor with the control of neural and 
vascular structures. 

The present study had some limitations. 
First, the obtained results cannot be used 
as grounds for the modification of the ex-
isting recommendations because of small 
sampling, which is associated with a rare 
occurrence of this pathology and strict re-
quirements on the intracranial spread of 
tumor as the study entry criterion. Second, 
a relatively high rate of morbidity is ex-
plained by a severe condition of patients 
by the time of hospitalization. 

CONCLUSIONS.
The performed analysis of the experi-

ence of en bloc resection of the petrous 
pyramid in the treatment of patients with 
tumors in the lateral skull base showed that 
the specified technique can be considered 
safe and efficient. The existing methods 
of en bloc resection and post-operative 
reconstruction require further studies and 
improvement. 
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