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Abstract: This is a retrospective chart review of outcomes of maxillofacial microvascular free flap
reconstructions in pediatric and adolescent patients. A single head and neck surgical team performed all the
included 136 procedures. Demographic and surgical patient data were recorded. Type of transfer performed
in each recipient site and major complications were analyzed. Relevant influencing factors, such as age, gender
and etiology of defect were determined using the ANOVA test and x? test of independence. Results indicate a
90% success rate. No significant relation was found between the incidence of total flap loss and patient age,
etiology or graft source. The maxillary reconstructions showed a higher incidence of total flap loss compared
to mandibular ones (11 vs. 3 cases). Despite the high success rate, the findings underline the necessity for
further research to validate these observations and enhance surgical methods for pediatric and adolescent
patients.

Keywords: pediatric; free flap; microvascular reconstruction; head and neck; outcomes; success rate;
complications

1. Introduction

Microvascular free flap reconstructions are key procedures in treating various conditions in
pediatric and adolescent patients, including congenital defects, traumatic injuries, malignancies, and
issues caused by other medical procedures. These complex surgeries have been well-established in
the pediatric population, but there's still a notable lack of detailed research focused on how these
procedures affect younger patients [1-4]. The physiological and developmental characteristics of
children and adolescents necessitate specialized approaches, distinct from those used in adult
patients.

The present study seeks to address this gap by understanding the impact of various factors such
as age, sex, etiology of the maxillofacial defect, graft source, and recipient site location on the success
of these surgeries. A detailed analysis of 136 pediatric and adolescent patients who underwent
maxillofacial microvascular free flap reconstructions was performed to highlight these key variables,
providing a foundation for future research. Identifying these factors is critical for enhancing the
success rates of these procedures in children and adolescents, thereby improving their post-surgical
quality of life

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202401.2085.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 January 2024 doi:10.20944/preprints202401.2085.v1

2. Materials and Methods

This is a retrospective chart review from August 2011 to June 2023. Data was collected from
Maxillofacial Surgery for Children and Young Adults Division in the Head and Neck Clinic, Regional
Specialized Children’s Hospital in Olsztyn, Poland. The study included patients from 1 to 25 years of
age. Patients were categorized by recipient site anatomical location, and major complications were
recorded.

2.1. Procedures and Techniques

This study initially assessed 206 patients (n=206), of which 136 patients who underwent 136
procedures with complete medical records were eligible for inclusion (n=136). In contrast, 70 patients
with incomplete medical records were excluded from the analysis. Thus, a total of 136 procedures
were analyzed.

The free flap auto-transplantation procedure began with the resection of pathology, resulting in
tissue loss in the recipient site. Next, the flap was harvested from the donor site but remained
connected to surrounding tissue by at least one artery and one vein. Simultaneously, the recipient
site was surgically dissected to prepare the recipient vein and artery for reattachment with the
vascular pedicle of the free flap. Then, the vasculature of the flap was detached, leading to the
separation of the free flap from the rest of the tissue, creating a vascular pedicle. The free flap was
brought to the defect area and the vessels of the flap were anastomosed with the vessels of the
recipient site under the control of a microscope. After reconnection, the free flap was sutured to the
defect, while the medical team monitored blood flow in the anastomosed vessels to ensure patency.
Meanwhile, the donor site was closed with sutures

2.2. Terms

Definition of terms used in this study are listed in table below.

Table 1. Terms used in study and their definitions.

Term Definition
Etiology of underlying pathology
Tumor Any malignant or benign mass, which required reconstructive surgical

intervention to treat.

Any harmful condition resulting from either hereditary or environmental
Congenital defect factors that is present at birth, which caused loss of function or structural
integrity of tissue and required reconstructive surgical intervention to treat.

Any injury (such as a wound) to living tissue caused by an extrinsic agent,

Trauma . . . C - .
which required reconstructive surgical intervention to treat.
Tatrogenic Any harmful condition resulting from medical intervention and required
reconstructive surgical intervention to treat.
Donor flaps
Free flap A piece of tissue that is disconnected from its original blood supply and is
moved a significant distance to be reconnected to a new blood supply.
Fibula flap A free flap containing bone tissue acquired from fibula.
Iliac crest flap A free flap containing bone tissue acquired from iliac crest.

Medial condyle flap A free flap containing bone tissue acquired from medial condyle of femur.

Anterolateral thich fla A free flap containing skin, subcutaneous tissue with or without muscles
g Hap acquired from anterolateral portion of thigh.
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Forearm fla A free flap containing skin, subcutaneous tissue with or without muscles
P acquired from forearm.

A free flap containing skin, subcutaneous tissue with or without muscles

Lower limb nerve iy . .
and sural or tibial nerve acquired from the lower limb.

Recipient site complications

Total flap loss A state of free flap, when flap necrosis involves 100% of flap volume.

Partial flap loss A state of free flap, when flap necrosis involved <100% of flap volume.

Irreversible cell injury and eventual cell death due to pathological processes

Flap necrosis of free flap.

Flap survival A state of free flap, when there is no total flap loss reported.

Indicators

Ratio of number of procedures that resulted in flap survival to number of

Success rate
all procedures shown as a percentage.

L Ratio of number of procedures in which complications defined in study
Complication rate
(except for TFL) occurred to number of all procedures.

2.3. Data collection and statistical analysis

Data for this study were extracted from electronic health records. A database was established
for analysis. Recorded parameters included gender, age, etiology of the condition, recipient and
donor sites, as well as postoperative complications.

The statistical analysis was performed using STATGRAPHICS Centurion 19 (StatPoint, Tulsa,
US). The ANOVA test was utilized to determine relations between age and recipient site
complications, etiology and total flap loss. The x2 test of independence was applied to assess
relationships among categorical variables, including age groups, gender, recipient site complications,
donor site, etiology, and the incidence of total flap loss. Age groups were categorized as follows: less
than 5 years, 5 to 10 years, 11 to 15 years, 16 to 20 years, and over 20 years. A threshold of p<0.05 was
set to determine statistical significance.

3. Results

This study included 136 young patients who underwent microvascular free flap reconstructions,
comprising 76 females and 60 males. The median age was 14 years, ranging from 1 to 25 years. Table
2 categorically delineates demographic and clinical data, illustrating gender distribution, etiology,
recipient and donor sites, and recipient site complications. The predominant etiology of the
underlying pathology was neoplastic in nature, accounting for 82 out of 136 cases (60.3%), followed
by congenital defects in 39 cases (28.7%). The most frequently reconstructed sites were the maxilla
(56 out of 136 cases, 41.2%) and mandible (55 out of 136 cases, 40.4%). The fibula (47 out of 136 cases,
34.6%) and iliac crest (44 out of 136 cases, 32.4%) were the most harvested flaps. Out of the 136
procedures performed, 122 resulted in successful free flap survival, while 14 cases experienced total
flap loss, yielding an overall success rate of 89.7%. Postoperative complications included total flap
necrosis in 14 cases (10.3%), partial flap necrosis in 11 cases (8.1%), abscess formation in 4 cases (2.9%),
and nerve palsy in 1 case (0.7%). The distribution of total flap necrosis was 11 in maxillary
reconstructions and 3 in mandibular reconstructions. Within the maxillary reconstruction group, the
total flap loss was distributed among donor sites as follows: 5 cases from the iliac crest (representing
20.8% of all iliac crest flaps transplanted to the maxilla), 5 from the fibula (35.7% of all fibular flaps to
the maxilla), and 1 from the medial condyle of the femur (constituting 7% of all such flaps to the
maxilla). Within the mandibular reconstruction group, the total flap loss was distributed among
donor sites as follows: 2 cases from the fibula (6,1% of all fibular flaps to the mandible), 1 case from
the iliac crest (representing 5% of all such flaps to the mandible).
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Frequency Percent
Sex
Fﬁzie 76 55.9%
60 44.1%
Etiology
Congenital 39 28.7%
Oncological 82 60.3%
Traumatic 5 3.7%
latrogenic 10 7.4%
Recipient Site
40.49
Mandible > 0.4%
Maxilla 2 41.2%
) 17 12.5%
Soft tissue 4 299
Orbit 4 29%
Facial nerve
Donor Site
32.4%
Iliac crest ;1;1 11.0%
Medjial condyle of Femur 47 34.6%
Fibula 17 12.5%
Antero-lateral thigh . 5.1%
Forearm 4 2.9%
Gracilis muscle 5 1.5%
Lower limb nerve
Recipient Site Complications
1 79
Nerve palsy 07%
4 2,9%
Abscess
. . 11 8,1%
Partial flap necrosis
Total fla i 14 10,3%
p necrosis 106 78%
None
o,
Total 136 100%

3.1. Patient’s age at the time of surgery and total flap loss.

The mean age at the time of microsurgical reconstruction was 13.5 (+ 4.98), with a median of 14

years. For patients who had a successful procedure, the mean age was 13.4 (+ 5.0), with a median of
14 years. In contrast, the mean age for those with flap failure was 14.2 (+ 4.95), with a median of 14.5
years. Statistical analysis indicated no significant age difference between the patients with flap

survival and those with flap loss (F = 0.33, p = 0.57).
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Box-and-Whisker Plot

flap survived I i —|

total flap loss |7 4 4'

Recipient site complications

Figure 1. There is no age-dependent relation of total flap loss.

Table 3. Summary statistics of patient's age by flap survival or total flap loss.

Count Average Median Star,ld?rd Minimum Maximu
deviation

. 122 13.4 14.0 5.0 1.0 25.0

Flap survived

’ : . 4. 22.
Total Flap Loss 142 14.5 4.95 0 0
136 13.5 14.0 498 1.0 25.0
Total

3.2. Gender, etiology of the underlying pathology and the occurrence of total flap loss.

Barchart for Etiology by Recipient site complications

Recipient site complications

T
Il flap survived
iatrogenic [ total flap loss

trauma

Etiology

congenital

oncological —

1 1 1 1 1
0 20 40 60 80
frequency

Figure 2. Numbers of total flap losses and flap survival by etiology of reconstruction.
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Table 4. Summary of number of procedures resulted in flap survival or total flap loss with
calculated success rate by gender.

Number of

Number of procedures . Total number of Success
Gender . . procedures with total
with flap survival procedures rate
flap loss
Female 65 11 76 85.5%
Male 57 3 60 95%

In evaluating the impact of etiology on the incidence of total flap loss and flap survival the
oncological group demonstrated a total flap loss in 8 cases, which constituted 5.88% of all 136 cases.
Congenital etiologies had a lower incidence of total flap loss, with 6 cases representing 4.41% of all
reconstructions performed. Both trauma and iatrogenic categories maintained a 100% flap survival
rate with no instances of total flap loss. Statistical analysis revealed no significant differences in the
incidence of total flap loss across etiology groups [x2 (3, N =136) =2,84, p = 0.42].

A higher number of flap transfers was observed in female patients compared to male patients
(n=76 vs n=60). There was a larger number of procedures that resulted in total flap loss within the
female patient group compared to the male patient group (n=11 vs n=3). The calculated success rates
were higher for the male group (95%) than for the female group (86%). However, statistical analysis
did not reveal any significant differences between the female and male groups in terms of flap
survivability [x2 (1, N = 136) = 3.26, p = 0.07].

3.3. Occurrence of recipient site complications between age groups and age group specific success rate.

Barchart for Age group by Recipient site complications

! ! ! ! ! ! Recipient site complications
0 [ flap survived
I total flap loss

1]1]

0 10 20 30 40 50
frequency

Figure 3. Number of procedures resulted in flap survival or total flap loss for age groups. Numbers
on Y axis are labels of age groups ("0"=less than 5y.0.; "1"=6 to 10 y.0.; "2" =11 to 15 y.0.;"3" =16 to 20
y.0.; "4" = greater than 20 y.o.).

Table 5. provides a summary of recipient site complications categorized by age groups. The 16
to 20-year-old group had the highest incidence of recipient site complications, which also correlated
with having the highest number of procedures and the highest number of cases resulting in total flap
loss. The fewest complications were noted in patients under 5 years of age, with this group having
only one case of total flap loss and no other documented complications. The group aged 6 to 10 years
demonstrated the highest success rate at 92%. Statistical analysis revealed no significant differences
in the incidence of recipient site complications across age groups [x? (16, N = 136) = 7.94, p = 0.95].
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Additionally, there was no significant relation between age groups and the number of total flap losses
[x? (4, N=136)=0.24, p=0.99].

Table 5. Summary of occurrence of recipient site complications by age groups with calculated success
rate for each age group.

Number of complications

Total number .
Age group Total flap Success rate Complication rate

Other of procedures
loss
Less than 5 0 1 8 87.5% 0%
y.o.

6t010y.0. 2 2 25 92% 8%
11to15y.0. 6 4 39 89.7% 15.4%
16 t0 20 y.o. 6 6 56 89.3% 10.7%
Greater than 2 1 8 87.5% 25%

20y.o.

3.4. Recipient site, recipient site complication and flap survival.

Table 6 highlights a significant discrepancy in the incidence of total flap loss between the maxilla
and mandible groups. The maxilla group, with the highest number of transplants (n=56), also had the
highest incidence of total flap loss (n=11), resulting in a success rate of 80.4% for free flap transplants
in this group. In contrast, of the 55 free flap transplantations to the mandible, only three resulted in
total flap loss, yielding a success rate of 94.6% for mandibular reconstructions. The difference in total
flap loss between the two sites was statistically significant (p < 0.05) [x? (4, N = 136) = 9.56, p = 0.049].
For the maxillary transplants, 24 (42.9%) flaps were harvested from the iliac crest, 14 (25%) from the
fibula, 14 (25%) from the medial condyle of the femur, 3 (5.4%) from the anterolateral thigh, and 1
from the forearm. In the 55 mandibular transplants, there were 33 fibula flaps (60%), 20 (36.4%) flaps
from the iliac crest and 2 (3.6%) flaps from the medical condyle of femur. In the groups undergoing
soft tissue, orbital, and facial nerve microsurgical reconstruction, there were no instances of total flap
loss, leading to success rates of 100% in these categories.

Table 6. Summary of numbers of complications in recipient site with calculated success rate for each

recipient site.

f
Recipient Number o Number of total flap Total number of
. flap Success rate
site . loss procedures
survival

Maxilla 45 11 56 80.4%
Mandible 52 3 55 94.6%
Soft tissue 17 0 17 100%
Orbit 4 0 4 100%
Facial nerve 4 0 4 100%

Table 7 indicates that the maxilla group experienced the highest number of recipient site
complications, followed by the mandible and soft tissue groups. There were no reported
complications for free flap transfers to the orbit or facial nerve. Excluding total flap loss, the
complication rate for free flap transfers to the maxilla was 10.7%, while transfers to the mandible had
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a complication rate of 16.4%. The results of the x? test suggest no significant association between the
recipient sites and the occurrence of complications [x? (4, N =136) =7.10, p = 0.13].

Table 7. Summary of number of procedures with and without complications in recipient site.

Number of procedures Number of procedures  Total number

Recipient site w:ll::lzl;l:;;g:;l s without complications  of procedures
Maxilla 17 39 56
Mandible 12 43 55
Soft tissue 1 16 17
Orbit 0 4 4
Facial nerve 0 4 4

4. Discussion

This study conducted an extensive examination of maxillofacial microvascular free flap
reconstructions in a pediatric and adolescent cohort, yielding significant insights into the success
rates and factors influencing outcomes. The observed success rate of 89.71% in our study, while
notable, is somewhat lower compared to the success rates typically reported in existing literature,
which often exceed 94% [1-8]. In a study by Liu et al. (2018) focusing on pediatric head and neck
reconstruction, a higher success rate of 95.6% was reported. However, it is essential to highlight the
differences in the distribution of recipient sites between the two studies. Our research found the
maxilla (55 out of 136 cases) and mandible (55 cases) as the most common recipient sites, with maxilla
having the highest incidence of total flap loss. Notably, the success rate for mandibular
reconstructions in our study was 94.55%, closely aligning with the higher success rates reported in
the literature. In contrast, the study by Liu et al. primarily involved mandibular reconstructions (88
out of 135 cases), with only 9 cases of maxillary reconstructions. Despite their conclusion of no
significant relation between recipient site and total flap loss, the predominance of mandibular
reconstructions in their study, which aligns closely with the higher success rates in our mandibular
cases, might partially explain the overall higher success rate observed in their findings.

In our analysis, we specifically examined the relation between patient age and the incidence of
total flap loss. It has been observed that children under ten years of age, might be at a heightened risk
of lower success rates in these procedures [1]. The potential underlying factors attributed to this
finding include reduced diameter of vasculature in younger patients, arterial vasospasms and
heightened complexity in performing surgical techniques on smaller anatomical structures.
Regardless of these findings, our data did not demonstrate a significant relation between patient age
and the incidence of total flap loss. Interestingly, this result is consistent with another substantial
study involving 102 patients, where a similar lack of relation between age and surgical success in
microvascular reconstructions was observed [8]. This parallel outcome in a separate large-scale study
reinforces the notion that age, while an important consideration, may not be as critical a determinant
of flap survival.

We investigated the potential relation between patient gender and the incidence of total flap
loss. Our examination revealed a borderline statistical significance (p=0.071), suggesting a tentative
yet not statistically validated trend towards a higher risk of total flap loss in female patients.
However, given the marginal nature of this finding, it necessitates further investigation with an
expanded pediatric sample size to establish a more definitive conclusion. The literature presents
varied perspectives on the influence of gender in head and neck reconstructions. For example,
Loupatatzi et al. identified female gender as one of the factors associated with increased
complications in head and neck cancer reconstructions, alongside pre-operative radiation therapy
and extended surgery duration [9]. In contrast, Rohleder et al. reported no significant gender-related
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differences in the postoperative outcomes of free flap reconstructions in the head and neck region
[10]. It is important to note, however, that these studies predominantly involved adult populations,
with mean ages notably above the pediatric range, thereby limiting the applicability of their findings
to a younger demographic.

A striking finding was the higher incidence of total flap loss in maxillary reconstructions
compared to mandibular ones. Specifically, the maxilla experienced 11 cases of total flap necrosis out
of 55 reconstructions, translating to a success rate of 80.36%, markedly lower than the 94.55%
observed for mandibular reconstructions. This contrast becomes even more pronounced when
compared to adult maxillary reconstruction success rates, which typically hover around 95% in the
literature [11,12]. However, it aligns more closely with recent findings in pediatric patients, such as
those reported by Burns et al. (2023), who observed a 23% total flap loss in pediatric maxillary
reconstructions [13].

Noteworthy is the absence of any total flap loss instances in reconstructions involving soft
tissues, orbital regions, and facial nerves. The results are consistent with the noted trend that flaps
incorporating bone have a nearly fivefold higher failure rate compared to those consisting entirely of
soft tissue. This is likely attributable to the fact that in bone defect reconstructions, the positioning of
both the flap and its pedicle is dictated by the bony defect, offering limited flexibility for alteration
[14].

5. Conclusions

The aim of our study was to identify key factors influencing the success of maxillofacial
microvascular free flap reconstructions in pediatric and adolescent patients. Our findings point
towards the importance of the recipient site, particularly the challenges associated with maxillary
reconstructions. The lack of significant correlation with age and gender shifts focus to site-specific
variables rather than demographic ones. This study, therefore, underscores the need for specialized
surgical strategies for maxillary reconstructions in the young population.
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