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Free flaps and literature review
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Abstract. Background: Microvascular free flaps are a reliable and efficient method for restoring head and neck
defects. Here we describe 169 free flap procedures, and determine the success rate of these reconstructions.

Methods: This study included data from all patients who underwent microsurgical reconstruction for head
and neck defects at St. John’s Hospital in Bruges between 1994 and 2012. We analysed sex, age, American
Society of Anaesthesiologists (ASA) score, smoking, prior radiotherapy, and deep circumflex iliac artery
(DCIA) harvesting technique to determine their influences on flap complications and overall complications.
Results: Our study included 169 free flap procedures, with a flap success rate of 92%. The rate of systemic
complications was 21%. The DCIA split harvesting technique was associated with a significantly higher
incidence of flap complications. Increased age (357 years) was associated with a higher incidence of overall
complications.

Conclusion: In our present series, the DCIA split harvesting technique was associated with a significantly
higher frequency of total flap failure. This increased failure rate was attributed to important haematomas that
compromised venous circulation. We also found that patient age was a significant factor for the development

of postoperative complications.

Introduction

During the 1970s, surgical treatment of patients
with head and neck cancer was revolutionized
by the advent of microvascular free flaps for
reconstruction of head and neck defects.! This
technique is currently reliable and efficient, and
has several advantages, including single stage
procedures, the versatility of flaps for reconstructing
soft tissue and bone, and the ability to tailor repairs
to complex structures.

In the present study, we describe the use of free
flaps in 169 cases, and we determine the success
rate among these reconstructions. We further
analyse the reported

Materials and methods
This study included data from all patients who

underwent microsurgical reconstruction for head
and neck defects at St. John’s Hospital in Bruges
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between 1994 and 2012. The following data were
retrospectively collected from paper and electronic
patient files: age; sex; smoking history; medical
comorbidity according to American Society of
Anaesthesiologists (ASA) score; prior radiotherapy;
prior chemotherapy; reason for reconstruction;
tumour staging; reconstruction type (donor
site); perioperative tracheostomy; reconstruction
location (recipient site); flap composition (bone/
muscle/skin); number, location, and type of
anastomosis; hospital stay; blood transfusion; flap
complications; overall complications; and the type
of osteosynthesis and number of osteotomies in
cases of bone reconstruction. From these data, the
following parameters were analysed to determine
their influences on both flap and overall outcome:
sex, age, ASA score, smoking, prior radiotherapy,
and deep circumflex iliac artery (DCIA) harvesting
technique. Statistical analysis was performed using
Fisher’s exact test. A p value of <0.05 was
considered to indicate statistical significance.
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Results

This study included data from 169 free flap
procedures performed on 160 patients. Of these
patients, 151 received one free flap, 1 patient
received two simultaneous free flaps (radial and
fibular flap), 1 patient received two consecutive free
flaps to treat total flap failure, 2 patients received
a first flap to treat squamous cell carcinoma and
a second flap due to osteoradionecrosis, and 5
patients received two sequential free flaps to treat
recurrent cancer. Of the included free flaps, 87%
were used for reconstruction after radical tumour
resection (81% after squamous cell carcinoma and
6% after resection due to another type of tumour),
9% were used to treat osteoradionecrosis, and
4% were used for management of traumatic or
congenital defects.

Of the included patients, 126 were male and 43
were female. The mean patient age was 57 years
(range, 5 to 85 years), and 91 patients (54%) were
>57 years of age. Of the 160 patients, 114 (67%)
were smokers. With regards to comorbidities, 38
patients (22%) had an ASA score of I, 96 (57%)
had an ASA score of II, and 35 (21%) had an
ASA score of III. Preoperative radiotherapy had
been administered to 50 patients, and 12 patients
had received prior chemotherapy. Perioperative
tracheostomy was performed in 106 patients (63%).
The mean hospital stays was 23.2 days, with a
range of 6 to 136 days.

Free flaps were harvested from six different
donor sites (Table 1). DCIA included all free flaps
with the iliac bone/muscle/skin as a donor site.
These flaps were harvested using two techniques.

Table 1
Type of donor site
N %
DCIA Non-split 29 17
Split 7 4
Total 36 21
Radialis 100 59
Fibula 14 8
Brachialis 6 4
Subscapular system 9 5.5
Other 4 2.5
Total 169 100

DCIA: deep circumflex iliac artery
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Figure 1

Deep circumflex iliac artery (DCIA) split-crest harvesting
technique. A. By splitting the cortex of the iliac bone, we
harvest only the inner cortex. B. Free flap shown from the
cancellous side and from the inner cortex with the pedicle. C.
During mandible reconstruction, the cancellous part of the free
flap was oriented towards the buccal aspect of the mandible.
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The split-crest technique refers to harvesting the
iliac crest by splitting the cortex in the sagittal
orientation, implying that only the inner cortex
is used for the osseous defect reconstruction, and
ensuring preservation of the upper thigh muscle
attachments (Figure 1). On the other hand, the
non-split-crest technique refers to harvesting both
the inner and outer cortex for maxillofacial bone
defect reconstruction. The other kinds of flaps used
were the radial fasciocutaneous flap; fibular flap;
brachial flap; and subscapular system flap, which
included six latissimus dorsi muscle flaps, two
serratus muscle flaps, and one scapular flap. The
last category was termed “other” and included two
anterolateral thigh perforator flaps and two rectus
abdominis flaps. The recipient sites included the
oral cavity (n = 146; 87%), oropharynx (n = 19;
11%), and extra-oral locations (n = 4; 2%).

The arterial anastomosis was made end to end in
166 cases, and end to side in 3 cases. It was made
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to the superior thyroid artery in 102 cases, facial
artery in 60 cases, lingual artery in 3 cases, external
carotid artery in 2 cases, and transverse cervical
artery in 2 cases. The venous anastomosis was
made end to end in 44 cases, and end to side in 125
cases. It was made to the internal jugular vein in
94 cases, external jugular vein in 35 cases, anterior
jugular vein in 3 cases, facial vein in 20 cases,
superior thyroid vein in 15 cases, and transverse
cervical vein in 2 cases (Table 2 + 3). Among the
procedures, 81% had one venous anastomosis, 18%
had two, and 1% had three.

Bony reconstruction of the mandible was
performed using the DCIA flap and the fibular
flap. Some of these cases required osteotomies to
create a good match with the donor bone. Among
this group of flaps, 74% had no osteotomies, 16%
had one osteotomy, and 10% had two.

Considering only the flap outcome, 144
procedures were successful, 14 were total failures,

Table 2
Arterial anastomosis
End to end End to side Superior Facial artery | Lingual artery | Carotid artery | Transverse
thyroid artery colli artery
DCIA 36 0 25 9 1 1 0
Radialis 99 1 60 38 2 0 0
Fibula 13 1 5 8 0 1 0
Brachialis 6 0 3 3 0 0 0
Subscapular 9 0 6 1 0 0 5
system
Other 3 1 3 1
Total 166 3 102 60
DCIA: deep circumflex iliac artery
Table 3
Venous anastomosis
End to end | End to side Internal External Anterior Facial vein Superior Transverse
jugular vein | jugular vein | jugular vein thyroid vein | colli vein
DCIA 11 25 18 8 3 3 4 0
Radialis 21 79 57 23 0 9 11 0
Fibula 6 8 2 0 4 0
Brachialis 1 0 3 0
Subscapular 3 6 5 | 0 1 0 5
system
Other 0 4 4 0 0 0
Total 44 125 94 35 20 15

DCIA: deep circumflex iliac artery
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6 were partial failures, and 5 were salvaged
(Pie Chart 1). Thus, the overall success rate was
92% (Graph 1). The flap success rates per donor
site were 78% for DCIA flap (86% for the non-
split DCIA flap, and 43% for the split DCIA flap),
98% for radial flap, 86% for fibular flap, 83% for
brachial flap, 89% for subscapular system flap, and
100% in the category labelled as other (Table 4).
Seven minor local complications were reported:
haematoma (n = 3), wound dehiscence (n = 3), and
infection (n = 1). Systemic complications occurred
in 35 cases (21%), with the most common being
pneumonia (n = 15), sepsis (n = 4), myocardial
infarction (n = 3), CVA (n = 3), and haemorrhagic
shock (n = 3).

We performed statistical analyses to assess
how the following factors influenced the rate of
overall complications (both local and systemic
complications): sex (p = 2.02), age of =57 years
(p = 0.03), ASA score > 1 (p = 0.38), smoking (p
= 0.09), prior radiotherapy (p = 0.11), and DCIA
split-harvesting technique (p = 0.06). We next
analysed how the following factors influenced
total flap failure: sex (p = 0.17), age (p = 0.16),
ASA score (p = 0.26), smoking (p = 0.22), prior
radiotherapy (p = 0.24), and DCIA harvesting
technique (p < 0.03).
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Pie Chart 1
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Recent decades have witnessed important
advancements in head and neck defect Graph 1
reconstruction, enabling more patients with Overall success. DCIA: deep circumflex iliac artery
Table 4
Flap follow-up
Success Total failure Partial failure Salvage Total
IS\BE 24 4 1 0 29
DCIA - gl 2 4 0 1 7
Total 26 8 1 1 36
Radialis 93 2 1 4 100
Fibula 11 2 1 0 14
Brachialis 3 1 2 0 6
f;gif;‘pmar 8 1 0 0 9
Other 3 0 1 0 4
Total 144 14 6 5 169

DCIA: deep circumflex iliac artery
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complex and extensive defects to be candidates for
microsurgical reconstruction.”* Here we analysed
169 free flap microsurgeries, and we reviewed the
reported complications. We performed statistical
analyses to investigate sex, age, ASA score,
smoking, prior radiotherapy, and DCIA harvesting
technique in relation to overall, systemic, and flap
complications.

Our investigation of the causes of total flap
failure led us to several conclusions, as follows. Six
failures occurred due to technical defaults, including
four due to the DCIA split-crest method, and one
due to a fibular flap with major atheromatosic
lesions on the flap artery. The other was due to a
fibular flap with an enormous varicose vein of a
calibre larger than the internal jugular vein, which
made the flow extremely low and susceptible to
thrombosis. We further identified three failures
due to uncontrollable perioperative hypotension,
including one due to allergic shock (latex) and
two of unknown cause. Failure also occurred due
to venous thrombosis in two radial flaps. In the
remaining three cases, we found no obvious reason
for failure.

We observed a higher frequency of overall
complications (p < 0.05) among the 54% of the
patients who were older than 57 years of age.
Prior studies have also reported a significant
impact of increasing age on the rate of systemic
complications.*” We further found that age did not
affect flap outcomes, which was also in agreement
with several previous studies.>**

The ASA score is an important tool for
preoperative risk assessment,’ and reflects a
patient’s level of comorbidity. Our present analysis
revealed no statistical association between ASA
score and postoperative complications, which is
in agreement with the findings of Kanatas et al.®
and Bianchi ef al.’ In contrast, several other studies
have reported that ASA score is significantly
associated with the incidence of postoperative
complications.'**

Clinical literature and laboratory results suggest
that tobacco product use inhibits healing and
promotes tissue loss in flaps.” Several studies
have identified smoking as a significant factor
associated with the development of medical and
surgical complications,**** while others report
that smoking does not influence the medical and
surgical complication rate.”'>" Simpson et al.'* and
Reus et al.” reported that smoking was not a risk
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factor for flap complications. Similarly, our present
series did not identify smoking as a risk factor for
either flap complications or overall complications.

It has been well established that previous
radiotherapy negatively influences local tissue and
vasculature. Post-irradiation sites generally exhibit
poor quality tissue, with scarring and fibrosis that
are associated with longer operation durations.'
While some studies have reported a negative effect
of prior radiotherapy,>'*'*'*"” others have not.***
» Qur present study showed that preoperative
radiotherapy had no association with the frequency
of complications.

DCIA split-crest surgery was discontinued due
to the high failure rate (57%) and, thus, only a
small group of patients underwent this procedure.
Urken et al* inspired the idea of harvesting
monocortical DCIA, stating that this technique
would preserve the outer cortical layer of the ilium,
leaving the attachments of the upper thigh muscles
undisturbed. This could presumably help reduce
postoperative morbidity, including pain, and
preserve normal hip contour. However, Urken et
al** concluded that harvesting bicortical segments
of ilium achieved a more functional mandibular
and palatomaxillary reconstruction that can receive
endosteal osseointegrated dental implants. Notably,
Urken et al* never described a reduced success
rate with this procedure. In our series, the DCIA
split harvesting technique was associated with a
significantly higher frequency of total flap failure.
We attributed this failure to important haematomas
that compromised venous circulation. Presumably,
this technique was quickly abandoned due to the
high failure rate. We found no other references to
the split-crest technique in the literature.

Conclusion

Microvascular free flap surgery is a highly
successful and reliable technique for head and
neck defect reconstruction, and is associated with
a low incidence of flap failure. Here we reviewed
169 free flap operations, and found a 92% success
rate and a 36% overall complication rate. Patient
age was a significant factor associated with the
development of postoperative complications.
Our results also revealed that DCIA split-crest
surgery was associated with a significantly higher
frequency of total flap failure.
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