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Abstract
Introduction: Tumors involving the skull base are real challenges to reconstructive surgeons. Many 
articles have been published about these reconstructions, especially in primary cases. In tumor 
relapses after previous surgeries or irradiation, the surgical options for reconstruction are extremely 
narrowed and is our opinion that microvascular autologous tissue transplantation is specially 
indicated in those patients, even though it requires a technically demanding procedure.

Materials and Methods: We analyzed retrospectively all patients treated at our institution between 
March 2014 and December 2018 and that met all the inclusion criteria: 1) oncological surgery for a 
tumor involving the skull base; 2) previous surgical treatment for that tumor; 3) cranial base bone 
resection; 4) dural exposure or defect; 5) reconstruction done with a free flap. The patient's age, 
comorbidities, number of previous surgeries and/or irradiation, oncological excisional procedures, 
type of defect, type of reconstruction, postoperative complications and mortality were reviewed.

Results: Fifteen flaps were used in the 14 patients that met all the inclusion criteria. The used 
flaps were: Anterolateral Thigh (ALT) perforator or chimeric ALT/Vastus Lateralis (VL) (n=6), 
profunda artery perforator (n=3), muscular Rectus Abdominis (n=2), Vertical Rectus Abdominis 
Myocutaneous (VRAM) (n=2), chimeric osteomuscular scapular tip/Latissimus Dorsi (LD) (n=1) 
and radial forearm (n=1). Dural defects were reconstructed with Pericranial or fascia Lata grafts 
in 7 patients. No total flap failures or vascular thrombotic events were noted and just one case of 
partial flap necrosis was registered (treated conservatively). There was one case of cerebrospinal 
fluid leakage, one diffuse cerebral edema and one donor site wound dehiscence, all successfully 
treated with conservative measures. The only complication that required a second operation was a 
cranioplasty prosthetic exposure that required a second free flap. One patient had a tracheostomy 
bleeding followed by a pneumothorax and died 8 weeks postoperatively with a nosocomial 
pneumonia. In the follow-up period, one patient died 19 months postoperatively with a local relapse 
and another with a metastatic disease (at month 15).

Conclusion: Secondary or multiple relapsed cases in the skull base require reconstructions that 
are technically demanding and the defects are often extensive. The surgical options are extremely 
reduced by previous treatments and if the basic concepts of cranial base reconstruction were strictly 
respected, the microsurgical free flaps can offer the best chance to avoid severe complications. 
However, it is not without some postoperative complications and mortality can be significant in the 
follow-up because of the advanced stage of the oncologic disease.
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Introduction
Tumors involving the cranial base, although relatively rare, can bring great challenges to 

oncologic and reconstructive surgeons. Traditionally, when these tumors require an intracranial 
approach, we could expect high levels of morbidity and mortality. In the last few decades, new 
advances in anesthesia, surgical techniques, imageology and oncology allowed the treatment of 
these tumors in a relatively safe way. The advances in endoscopic surgery allowed the treatment of a 
vast array of tumors in the skull base with the advantage of a low-morbidity surgery. However, it is 
not without some limitations that can be outdated by an open surgery with a craniotomy where the 
exposition, control and oncological margins can be superior [1-5].

Although not frequently reported in the literature, the oncological relapses involving the cranial 
base are relatively common in our practice. It can be related to the fact that our hospital is a tertiary 
center and receives patients from all over the country and others from some African countries.
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In re-operative cases, oftentimes with previous multiple surgeries 
and radiation therapy, the locoregional flaps are not a common option 
for reconstruction. In these types of salvage surgeries, the defects 
can be composite, extensive and with large volume deficits. Today, 
we believe that autologous microvascularized tissue transplantation 
provides great versatility and safety in those types of reconstructions 
and should be the gold standard of care. That is what we want to 
demonstrate in this study.

Materials and Methods
We retrospectively reviewed all skull base reconstructions treated 

at Hospital Santa Maria between March 2014 and December 2018.

The inclusion criteria were:

1) Oncological surgery for a tumor involving the cranial base

2) Previous surgical treatment for that tumor

3) Skull base bone resections

4) Dural exposure or defect

5) Reconstruction requiring a free flap

The exclusion criteria were:

a) Primary cases

b) Tumors involving the calvaria and scalp but not the cranial 
base

c) Reconstructions with local or locoregional flaps

d) Tumor-free patients with complications from previous 
oncological surgeries (e.g., cranioplasty prosthesis exposure)

Age, comorbidities, number of previous surgeries, prior 
irradiation, follow-up time, type of defects and oncological excisional 
procedures, type of reconstruction, postoperative complications and 
mortality were reviewed from medical charts. We classified cranial 
base defects based on the system of Irish et al. [6]. We also briefly 

described if we had a simple dural exposure or a dural defect and the 
respective type of treatment. Written informed consent was obtained 
from all the patients included in this article.

Results
We found 14 patients that met all the inclusion criteria. All 

these patients were treated by plastic surgery (led by senior author 
Freitas H.) and a neurosurgical team. In 9 patients we also had the 
collaboration of the otorhinolaryngologist surgical team.

Patient age, significant comorbidities, number of previous 
surgeries, prior irradiation and follow-up time were resumed in Table 
1. The average age was 57.4 years (39–83) and the average number 
of previous surgeries was 2.6 (1 to 6). Six patients had previous 
irradiation. Three patients died in the follow-up period.

The type of tumor, oncological procedures and type of cranial 
base defect (Irish Classification) were resumed in Table 2.

Region I was the most frequently involved (8 patients) followed 
by region II (3 patients) and region III (1 patient). Two patients had 
defects in both regions I and II. Figure 1 exemplifies those types of 
defects.

Table 3 summarizes the dural involvement and respective 
management, type of flap used, recipient vessels and postoperative 
complications.

In the 14 patients treated, we used 15 flaps (4 Chimeric Vastus 
Lateralis/ALT; 3 Profunda Artery Perforator, 2 perforator ALT, 2 
muscular Rectus Abdominis, 2 VRAM, 1 Chimeric Osteomuscular 
Scapular tip & LD and 1 radial forearm).

We had no total flap failures and just one partial skin flap necrosis. 
Only one patient had a postoperative complication that required 
another surgery. That patient (patient 1) developed an exposure of 
the calvarial prosthesis requiring a second free flap (radial forearm) 
for coverage, 7 weeks later. Three patients died in the follow-up 
period (patients 3, 9 and 13), 8 weeks, 19 and 15 months after surgery, 

Patient Age Comorbidities Number previous 
surgeries Prior irradiation Follow-up 

1 58 Hypertension Epilepsy 4 Yes 5 years

2 69 Diabetes mellitus type 2 
Hypertension 3 Yes 5 years

3 73
Chronic obstructive 
pulmonary disease 

Malnutrition
1 No Died 8 weeks 

postoperatively

4 43 Active smoker 1 No 3 years

5 41 Epilepsy 4 Yes 4 years

6 49 Alcohol addiction
Previous smoker 1 No 3 years

7 78 Hypertension Ischemic 
Cardiopathy 4 Yes 3 years

8 47 VIH and HCV infections 1 No 3 years

9 39 - 5 Yes Died 9 months 
postoperatively

10 66
Peripheral vascular disease, 

Hypertension, Diabetes 
mellitus type 2

6 Yes 2 years

11 49 - 1 No 2 years

12 83 Diabetes mellitus type 2 2 No 2 yearsHypertension

13 51 Active smoker 1 No Died 22 months 
postoperatively

14 53 Diabetes mellitus type 2 2 No 4 years

Table 1: Patient age, significant comorbidities, number of previous surgeries, prior irradiation and follow-up time.
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respectively.

Seven patients had a dural defect, that was patched and repaired 
in a watertight fashion with a Pericranial or fascial Lata graft and 
posteriorly covered by the vascularized flap.

All patients received seven days of prophylactic antibiotics 
(ceftriaxone and metronidazole) and deep vein thrombosis 
prophylaxis with enoxaparin. Lumbar drains were not used.

Patient 3, rescued from an African country and cachectic, had 

a massive sebaceous carcinoma involving the 3 facial floors. The 
immediate postoperative period was uneventful but 3 weeks later, 
in the decannulation procedure, he developed a tracheostomy 
bleeding that required immediate re-cannulation. A pneumothorax 
followed that required a chest tube. The patient died at week 8 with a 
nosocomial bilateral pneumonia.

Patient 9 had significant frontotemporal bone, dural and 
cutaneous coverage defects and large communication between cranial 
and Nasosinusal cavities that was reconstructed with a fascia Lata graft 

Patient Type of Tumor Oncological Procedures Cranial Base Defect (Irish 
Classification)

1 Meningioma Middle cranial base and infratemporal fossa resection (anterior transmaxillary 
approach) Region II

2 Ameloblastic 
Carcinoma

Resection of posterior reconstructed mandible, parotid gland, facial nerve, and 
lateral temporal bone resection (lateropterional approach); lateral nasopharynx 

(endoscopic)
Region II

3 Sebaceous Carcinoma
Frontotemporal calvarium, anterior and middle cranial base ostectomies, 

Radical Maxillectomy, Posterior Mandibulectomy, Parotidectomy, Wide skin 
resection 

Regions I and II

4
Lacrimal Sac 

Squamous Cell 
Carcinoma (SCC)

Frontal sinus and orbital roof ostectomies, Ethmoidectomy, Limited 
Maxillectomy, Orbital Exenteration Region I

5 Meningioma Anterior and Middle cranial base resection (anterior transmaxillary approach), 
Orbital Exenteration Region I and II

6 Nasosinusal SCC Frontal sinus and orbital roof resection, Radical Maxillectomy, Parotidectomy Region I

7 Fibrous Tumor Frontal sinus and calvarium, orbital roof, basilar region resection, Orbital 
Exenteration Region I

8 Conjunctival SCC Frontal sinus and calvarium, Ethmoidectomy, Orbital Exenteration Region I

9 Cystic Adenoid 
Carcinoma Frontal, ethmoidal and maxillary resection (with wide cutaneous excision) Region I

10 Meningioma Bifrontal calvarium, frontal sinus and orbital roof resection Region I (bilateral)

11 Meningioma Bifrontal calvarium and frontal sinus, basilar region and unilateral orbital roof 
resections Region I (bilateral)

12 External Auditory 
Canal BCC

Lateral temporal bone resection, Posterior Mandibulectomy, Auriculectomy, 
Parotidectomy Region II

13 Melanoma Lateral temporal bone resection, Temporal and occipital calvarium resection, 
scalp resection Region III

14 Cystic Adenoid 
Carcinoma

Radical Orbito-maxillectomy (with wide skin excision), Frontal sinus and orbital 
roof resection Region I

Table 2: Type of tumor, oncological procedures and type of cranial base defect (Irish Classification).

Patient Dural Status and Treatment Type of Flap Recipient Vessels Postoperative Complications

1 Dural exposure; Flap coverage Muscular Rectus Abdominis flap Facial vessels
Cranioplasty prosthesis 

exposure (treated with a second 
free flap)

2 Dural defect; Pericranial graft 
repair Muscular Rectus Abdominis flap Superior Thyroid artery; External 

Jugular vein -

3 Dural defect; Pericranial graft 
repair VRAM flap External Carotid artery; External 

Jugular vein

Tracheostomy bleeding; 
Pneumothorax; Nosocomial 
pneumonia; Death (8 weeks)

4 Dural exposure; Flap coverage Profunda Artery Perforator flap Facial vessels -

5 Dural defect; Fascia lata graft 
repair Profunda Artery Perforator flap Facial vessels -

6 Dural exposure; Flap coverage Chimeric osteomuscular flap 
(Scapular tip & LD) Facial vessels -

7 Dural defect; Fascia lata graft 
repair ALT flap Superficial Temporal vessels -

8 Dural exposure; Flap coverage Profunda Artery Perforator flap Superficial Temporal vessels -

9 Dural defect; Fascia lata graft 
repair 

Chimeric Vastus Lateralis / ALT 
flap

Arterio-venous (AV) saphenous 
loop (between superior thyroid 

artery and external jugular vein)

Cerebral Spine Fluid (CSF) 
leak, Donor site wound 

dehiscence 

10 Dural defect; Fascia lata graft 
repair 

Chimeric Vastus Lateralis / ALT 
flap Superficial Temporal vessels -

11 Dural defect; Fascia lata graft 
repair 

Chimeric Vastus Lateralis / ALT 
flap Superficial Temporal vessels Diffuse cerebral edema

12 Dural exposure; Flap coverage Chimeric Vastus Lateralis / ALT 
flap Facial vessels Partial skin flap necrosis

13 Dural exposure; Flap coverage ALT flap Superior Thyroid artery, 
Retromandibular vein -

14 Dural exposure; Flap coverage VRAM flap Facial vessels -

Table 3: Summarizes the dural involvement and respective management, type of flap used, recipient vessels and postoperative complications.
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(for dura) and chimeric ALT/VL flap (cutaneous paddle for coverage 
and muscle for cranial base obliteration and separation from nasal 
cavity). He had 5 previous surgeries and no receptor vessels available 
in the proximity. We revascularized that flap with an arteriovenous 
saphenous loop (26,27,28,29) between the ipsilateral superior thyroid 
artery and the external jugular vein. In the second postoperative week 
the patient developed a cerebrospinal fluid leak, in the frontal region. 
He also developed a donor site wound dehiscence in the thigh. Both 
complications resolved with conservative measures only. However, 
the patient died 19 months after the surgery with another extensive 
local relapse.

Patient 11, with a massive bifrontal-orbital meningioma, 
developed a coma state in the first postoperative day. The imaging 
studies revealed a diffuse cerebral edema without indication for any 
surgical procedure. After 6 days in the intensive care unit, the patient 
eventually recovered and had no sequels beyond the right amaurotic 
eye (already amaurotic preoperatively from chronic compression).

Patient 12 had a partial skin necrosis of a chimeric Vastus 

Lateralis/ALT flap, for the region II (temporal) that was treated 
conservatively.

Finally, patient 13 with a scalp melanoma died 15 months after 
surgery with a metastatic disease.

Discussion
Tumors involving the cranial base are very challenging to treat 

and normally require a multidisciplinary approach. In 1963, Ketchun 
et al. reported 89 patients who underwent resection of anterior cranial 
base tumors with good long-term survival and a mortality of 3% [7]. 
The recent advances in surgical procedures and technology, imaging 
and reconstructive microsurgery have become former nonoperative 
tumors in surgical ones [8-10]. The complex anatomy and vital 
structures in the area make tumor excision very difficult and place 
the patient at risk for devastating complications, like cerebrospinal 
leak, infections, meningitis and osteomyelitis, among many others. 
Fortunately, with the reconstructive techniques used today, we can 
minimize such complications to a reasonable number although not 

Figure 1: Left: Bilateral region I base defect in patient 11 with a calvarial bifrontal defect and dura already reconstructed with a fascia Lata graft. Centre: Region II 
defect in patient 2; the forceps are in the nasopharynx. Right: Region I and II defects in patient 3.

 

Figure 2: Pre-operative photographs of patients (from left to right) – Above: Patients 3, 8 and 9. Below: Patients 11 and 14.
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Figure 3: Left: Profunda artery perforator flap with 2 skin paddles, in a “Y” type perforator design. Center: Chimeric ALT/Vastus lateralis flap with 2 perforators to 
the skin paddle and another one to the muscle pad. Right: Inset of the previous flap in the defect of patient 11; the muscle (pointed with the forceps) is obliterating 
the cranial base and separating the cranial and Nasosinusal cavities; the skin paddle will be used in the coverage of the scalp and calvarial bifrontal defect.

without any risks. The main objectives of cranial base reconstruction 
are the protection of the dura and prevention of CSF leaks; the creation 
of a separate intracranial cavity and aerodigestive tract; coverage of 
nervous tissues, blood vessels and skull base with well-vascularized 
tissue. Also important are the support of the orbit; restoration of 
speech, swallowing and facial nerve functions; elimination of dead 
space and restoration of facial contour [9,11-15].

Many papers have been written about the treatment of these 
tumors, mainly in primary cases. In this review, we only focus on 
patients with oncological relapses and advanced staged tumors with 
previous surgeries and/or radiation therapy (Figure 2). The main 
treatment principles of primary cases are also useful in patients with 
previous surgeries. However, the procedures are technically more 
demanding and the reconstructive options are considerably fewer. 
Local and regional flaps are used in very rare instances, especially in 
irradiated patients. Autologous microvascular tissue transplantation 
assumes a major role in the treatment of these cases and for us is the 
gold standard of care. Obviously, we need to consider the risks related 
to a prolonged surgery yet the majority of patients, even with some 
comorbidities can afford this type of treatment. Even old patients can 
tolerate microsurgical reconstructions with success but with some 
medical risks associated.

We strictly sought to achieve the main goals of cranial base 
reconstruction, previously described. Special attention was paid to 
the dura status. If it was intact and only exposed, we covered it with 
the vascularized flap in order to reduce CSF leaks and infections. In all 
patients with dural defects, we did not hesitate to make a watertight 
repair with grafts. Initially, we used Pericranial grafts (2 cases: 
Patients 2 and 3) but later we utilized fascia Lata grafts (5 patients) 
because of the larger availability and proximity to the surgical field in 
harvesting flaps in the thigh. The separation between the intracranial 
cavity and Nasosinusal, orbit and oral cavities was another main 
priority. We frequently used a muscular flap (rectus abdominis, LD 
or VRAM) or a de-epithelialized perforator flap to achieve this goal. 
The main flaps used were based in the descent branch of the lateral 
circumflex femoral system (perforator ALT or chimeric ALT/VL) 
[16-22]. We found the chimeric version very useful because we can 
use the skin paddle for coverage and/or obliteration and the muscle to 
fill the skull base and separate the cavities. The muscle paddle is well 
vascularized, easily conformable to the anfractuous structures of the 
cranial base and easy to inset. Another useful flap was the profunda 
artery perforator flap [23-25]. Because it has a common perforator 
anatomy in a “Y” fashion, we could divide it into two skin paddles, 
used for different purposes (e.g., one paddle for coverage and another 

to obliterate or separate spaces) (Figure 3). In all patients with frontal 
sinus involvement, we carefully resect or cranialize it and obliterate 
the nasal communication with the flap.

Cerebrospinal leaks are one of the rearrest complications of these 
procedures. Patient 9 had a large fistula to the Nasosinusal cavity that 
was separated and obliterated with the muscle paddle of a chimeric 
VL/ALT flap. Surprisingly, the leakage was developed, not through 
the skull base, but through de high frontal scalp and calvarial defect. 
Although there are many articles that address these leaks from the 
cranial base [26-30], we did not find any literature about this highly 
located type of leakage. It was resolved successfully with conservative 
measures only.

This study has some important limitations. It is retrospectively 
based and the population is also small. The patient population is 
also very heterogeneous, with different types of tumors, in diverse 
locations and with different types of reconstructions and prognoses.

However, we can infer some trends for these reconstructions in 
these relapsed cases. Some of these patients had very advanced relapsed 
disease, like patients 3, 8, 11 and 14, that were rescued from African 
countries. Others had been operated many times (like patient 9 with 
5 previous surgeries or patient 10 with 6 surgeries) and irradiated. 
Strictly following the basic surgical principles of cranial base 
reconstruction (like in primary cases) we can also achieve reasonable 
results. And to achieve these results microvascular autologous tissue 
transplantation is a very powerful weapon. However, it is not without 
potential serious complications and survival is seriously affected by 
the relapsed or advanced disease stage.

Conclusion
We believe that autologous microvascularized tissue 

transplantation provides great versatility and safety in those types of 
reconstructions and should be the gold standard of care.
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