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Purpose: Demographic changes are leading to population aging, and free flap reconstruc-
tions for various indications are expected to become increasingly common among older
patients. Therefore, this study evaluated free flap reconstruction of the extremities in older
patients and compared the outcomes to those from younger patients who underwent similar
procedures during the same period.

Patients and Methods: This single-center retrospective study used a case-control design to
compare older and younger patients who underwent free flap reconstruction of soft tissue
defects in the extremities. One-to-one matching was performed for older patients (>65 years)
and younger patients (<64 years) according to indication, flap recipient site, and flap type.
The parameters of interest were clinico-demographic characteristics, flap type, defect loca-
tion, indication for free flap reconstruction, number of venous anastomoses, and postopera-
tive complications (flap loss, infection, and wound healing disorders).

Results: The study included 48 older patients and 133 younger patients, with a mean follow-
up of 12 months after discharge. The free flap reconstruction was performed at a mean
interval of 19.8422.8 days (range: 0—88 days). The 1:1 matching created 38 pairs of patients,
which revealed no significant differences in the rates of flap necrosis and flap failure.
Conclusion: This study failed to detect a significant age-related difference in the flap
necrosis rate after free flap reconstruction of extremity defects. Therefore, with careful
perioperative management and patient selection, microsurgical free flap reconstruction is
a feasible option for older patients.
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Introduction
Microsurgery was introduced during the 1970s, although these procedures were
considered dangerous for older patients at that time. However, improvements in
anesthetic procedures, shorter intervention times, and postoperative care have
steadily improved patient outcomes.' Furthermore, advances in surgical techni-
ques and equipment have made microsurgical procedures a safe option with
improved success rates.*> Nevertheless, while age by itself is not an absolute
contraindication for microsurgery, older patients typically have co-morbidities and
decreased functional capacities of vital organs.®® Thus, procedural complications
are possible and potentially fatal for older patients.

Demographic changes with an unprecedented shift in the demographic frame-
work are leading to population aging.” A falling birth rate has also lead to the
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proportion of European people who are >65 years old,
increasing from 15% to 22% over the last 30 years.'’
Moreover, increasing life expectancy is observed in the
industrialized parts of the world, which is related to eco-
nomic growth, improving education, and advances in med-
ical treatments.'' Therefore, free tissue transfers will likely
become increasingly common for older patients, which
highlights the need for reliable and safe microsurgical
strategies in this patient population.'?

The common indications for free tissue transfer in
older patients include major tumor resection, extremity
injuries with impending amputation, and severe infection.
The increasing use of perforator flaps has helped minimize
donor site morbidity and broadened the spectrum of sui-
table cases. Moreover, improvements in microsurgical
equipment, magnification systems, and operative experi-
ence have led to a shift toward increasing the use of free
flaps in older patients. However, there is insufficient infor-
mation regarding the outcomes, complications, and risk
factors in this patient population. Therefore, this study
aimed to review our experience using free flaps for older
patients with soft tissue defects in their extremities and
compare these outcomes to those of younger patients who
underwent similar procedures that were performed by the
same surgical team during the same period.

Patients and Methods

Study Population
The
approved by the Institutional Ethics Committee. The

retrospective  single-center study protocol was
study has been registered at the German clinical trial
register (DRKS0024004).

Patients were considered eligible if they had undergone
free flap reconstruction of soft tissue defects in their extre-
between May 2012 and October 2017 at

a university department that specializes in orthopedic sur-

mities

gery, traumatology, and plastic surgery. Based on the
average life expectancy in Germany (men: 78.5 years,
women: 83.3 years) and the average state pension age
(65.8 years), we defined “older patients” as being >65
years old.'* The inclusion criteria were patients who
were >65 years old, underwent free tissue transfer for
soft tissue defects in the extremities, and had a mean
follow-up of 12 months after discharge from the hospital.
A control group was created using younger patients
(18-65 years old) who had undergone similar treatments
that were performed by the same surgical team at the same

center during the same time period. Exclusion criteria
were incomplete medical records, reconstructive techni-
ques other than free flap reconstruction (eg, pedicled
flaps), and free flaps used in other areas as extremities.

The parameters of interest were clinico-demographic
characteristics, flap type, defect location, cause of the soft-
tissue defect, indication for free flap reconstruction, donor
site, type and number of venous anastomoses, co-
morbidities, and postoperative complications (eg, flap
loss, infection, and wound healing disorders at the donor
and recipient sites).

Statistical Analysis

The older and younger age groups were directly compared,
and a 1:1 matching was subsequently performed according
to indication, flap recipient site, flap type, and race (sex
was considered random and was not used as a matching
criterion). Unmatched patients were not considered in the
matched analyses. Continuous variables were reported as
mean + standard deviation, and categorical variables were
reported as number (percentage). Continuous variables
were analyzed using Student’s #-test or the Mann—
Whitney U-test, depending on the data distribution. All
analyses were performed using GraphPad Prism (version
9; GraphPad Software, Inc.), and results were considered
statistically significant at p-values of <0.05.

Results

The study included 48 older patients (=65 years old) and
133 younger patients (<65 years old) who had a mean
follow-up of 12 months after discharge from the hospital.
The older group included 23 men (48%) and 25 women
(52%) with a mean age at surgery of 75.84+5.9 years
(range: 65-89 years). In this group, 28 patients (58%)
had arterial hypertension, 13 patients (27%) had diabetes
mellitus, and the mean body mass index was 27+4.62 kg/
m? (range: 18.83-37.24 kg/m?) (Table 1). The mean opera-
tion time was 4.53+£0.96 h (range: 2.87-8.06 h), and
simultaneous osteosynthesis was performed in 11 cases
(23%). The free flap reconstruction was performed at
a mean interval of 19.8422.8 days (range: 0-88 days)
after the defect was created. The flaps involved anterolat-
eral thigh flaps (30 cases), latissimus dorsi flaps (11 cases),
lateral arm flaps (3 cases), deep inferior epigastric perfora-
tor flaps (2 cases), a vastus lateralis flap (1 case), and
a parascapular flap (1 case). The mean flap dimensions
were 12.9+5.8 cm (range: 5-28 cm) by 8.7+4.1 cm (range:
5-20 cm), and the mean hospital stay was 30+21 days
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Table | Characteristics of the Older Patients and the Young
Control Group

Table 2 Comparing the Necrosis Rate Among the Older

Patients and the Young Control Group

Older Young P-value

Patients Control

n =48 Group

n=133

Age (years) 75.8 (65-89) | 48.8 (18-64) p<0.0001
Male sex 23 (48%) 103 (77%) p=0.0002
Female sex 25 (52%) 30 (23%)
Arterial hypertension 28 (58%) 55 (41%) p=0.06
Type 2 diabetes mellitus 13 (27%) 33 (25%) P=0.85
Obesity 12 (25%) 38 (29%) P=0.71

Class | (30.0-34.9 kg/m2) | 9 (19%) 20 (15%)

Class Il (35.0-39.9 kg/m2) | 3 (6%) 12 (9%)

Class IIl (240.0 kg/m2) 0 (0%) 6 (4%)
Hyperlipoproteinaemia 18 (38%) 45 (34%) p=0.72
Nicotine abuse 12 (25%) 43 (32%) p=0.377
Alcohol consumption 15 (31%) 44 (34%) p=0.86

Note: Data are presented as number (percentage).

(range: 6-95 days). Full flap necrosis occurred in 9 cases;
partial necrosis was observed at the wound edges of 2
flaps, and a donor-site hematoma needed to be evacuated
in 1 case.

The older and younger groups were compared accord-
ing to flap type, donor site, recipient site, indication, num-
ber/type of anastomoses (arterial and venous branches),
and postoperative complications. There was no significant
difference regarding flap necrosis and failure between both
groups (Table 2). Furthermore, there were no significant
inter-group differences in terms of body mass index and
duration of surgery; therefore, they could be excluded as
potential risk factors. Flap failure did not appear to be
associated with tumor-related indications or other indica-
tions for soft tissue reconstruction, or flap size.

The 1:1 matching process generated 38 pairs of
younger and older patients. Ten older patients were not
included as they did not have a matching partner in the
younger population (indication, defect location, and flap
type did not match).

There was no significant inter-group difference in
terms of flap loss. Furthermore, there were no significant
inter-group differences in terms of type 2 diabetes, body
mass index, hypertension, nicotine abuse, operation time,
or hospital stay (Table 3).

Indication Older Young P-value
Patients Control
(n=48) Group
(n=133)
Total (n)/ Total (n)/
Necrosis (n) | Necrosis (n)
Open fracture (Gustilio | 5/0 24/4 p>0.99
grade 2-3)®
Post-trauma soft 18/4 73/14 p=0.75
tissue defect
Infection 16/4 18/1 p=0.35
Cancer 8/1 9/l p>0.99
Burn 1/0 6/2 p>0.99
Decubitus 0/0 3/1
Type of free flap
Anterolateral thigh 30/6 64/9 p=0.55
flap
Latissimus dorsi flap | 12/2 58/6 p=0.62
Lateral arm flap 3/0 3/0 p>0.99
Rectus/DIEP flap 2/0 5/3 p=0.43
Vastus lateralis flap 1/0 3/0 p>0.99
Recipient side
Foot 8/3 23/2 P>0.09
Ankle 9/3 8/l p>0.60
Lower leg 14/2 60/9 p>0.99
Upper leg/knee 9/0 15/0 p>0.99
Hand/forearm 8/1 18/5 p>0.65
Lumbar spine 0 3/0
Head/neck/axilla 0 6/2
Veins
One vein 16/4 38/6 p=0.46
Two veins 32/5 90/14 p>0.99
Superficial + deep 6/2 18/5 p>0.99
Deep + deep 26/3 72/9 p>0.99

Note: Open fractures were graded using Gustilio’s classification system.*?
Abbreviation: DIEP, deep inferior epigastric perforator.

Discussion

This study revealed comparable flap necrosis outcomes
after a direct comparison of our study groups and a 1:1
matching of older and younger patients who underwent
similar procedures that were performed by the same sur-
gical team during the same time period. Furthermore, the
anastomosis number/type (superficial and/or deep veins)
and surgical indication did not appear to be associated with
the flap necrosis rate. Moreover, there was no significant
difference between the older and younger groups in terms
of operation time and hospital stay.
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Table 3 Comparing the Necrosis Rate via I:1 Matching of the
Older Patients and the Young Control Group

Indication Older Young P-value
Patients Control
(n=38) Group
(n=38)
Total (n)/ Total (n)/
Necrosis (n) | Necrosis (n)
Open fracture (Gustilio 3/1 3/0 p>0.99
grade 2-3)*
Post-trauma soft tissue 1712 17/4 p=0.66
defect
Infection 15/1 15/3 p=0.60
Cancer 3/1 3/1 p>0.99
Type of free flap
Anterolateral thigh flap 23/1 23/6 p=0.10
Latissimus dorsi flap 12/2 12/2 p>0.99
Lateral arm flap 32 3/0 p=0.4
Recipient side
Foot 5/0 5/3 p=0.17
Ankle 3/0 3/1 p>0.99
Lower leg 16/3 16/3 p>0.99
Upper leg/knee 7/0 7/0 p>0.99
Hand/forearm 72 7/1 p>0.99
Veins
One vein 9/2 12/4 p=0.66
Two veins 28/3 25/4 p=0.70
Superficial + deep 92 5/1 p>0.99
Deep + deep 19/3 20/3 p>0.99
Hospital stay (days) 287 +19.2 304 +22.1 p=0.85
Operation time (min) 2843 + 81.8 | 262.6 +49.7 p=0.16
Flap dimensions
Length (cm) 112 +£49 128 £ 6.3 p=0.26
Width (cm) 82+55 84+ 4l p=0.24
BMI (kg/m2) 26.6 + 6.3 26.5 + 45 p=0.86
Nicotine abuse 10/0 1173 p=0.21
Type 2 diabetes 10/1 10/2 p>0.99
Peripheral artery 2/2 512 p=0.43
occlusive disease

Note: Open fractures were graded using Gustilio’s classification system.43

Abbreviation: BMI, body mass index.

Although, some studies investigating the safety and
viability of free flap reconstruction in the older patients
have previously published, the majority of literature
comprises small-volume studies mostly related to onco-
logic defects and reconstructions in the ear-nose-throat

14-17

area. However, there are evident differences

between elective defects due to tumor resection and
post-traumatic or infectious limb reconstructions. There
were controversies on study findings due to small

sample size and heterogeneous indications for
reconstruction.'®

Although microsurgical free flap reconstruction has
become the preferred treatment option for severe soft
defects,

morbidities and malnutrition, which can impair wound

tissue older patients frequently have co-
healing.'®° In addition, changes in skin properties, immu-
nosenescence, and tissue atrophy can increase the likeli-
hood of infection among older patients.”’ Thus, radical
debridement and prompt coverage of the exposed bone
and tendons are necessary. In most of these cases, the
use of a local flap compromises the integrity of the extre-
mity, whereas using a free flap can help minimize morbid-
ity at the donor and recipient sites. However, microsurgical
free flap reconstruction has historically been considered
contraindicated in older patients because of the anesthetic
load and prolonged operation time. Therefore, although
these procedures have been widely accepted for the gen-
eral population, their use is considered controversial for
older patients.22724 In addition, their decreased health and
functional capacity may increase the risks of postoperative
morbidity and mortality.*>> Furthermore, a low stress
reserve is associated with low cardiac and pulmonary
functional reserves.’~° These issues highlight the impor-
tance of careful patient selection and improved postopera-
tive management when considering microsurgical free flap
reconstruction for older patients.

The indications for free tissue transfer have expanded
based on the development of relatively mild anesthesia
procedures, increasingly standardized perioperative man-
agement, and improved microsurgical techniques. Twenty
years prior, the reported standard operation time averaged
7.8 h in microsurgical interventions.?* Since then, opera-
tion time has subsequently shortened due to improved
diagnostic procedures, better surgical equipment, and
increasing microsurgical experience. In our study, the
average time for microsurgical free flap reconstruction
was 4.53 h, which included simultaneous osteosynthesis
in 23% of the cases. Thus, shorter operation time may
substantially reduce the patients’ risks that are related to
anesthetic load.

Most reports regarding free tissue transfer in older
patients have described tumor-related free flap reconstruc-
tions (mean flap size 20 cm®) in the ear-nose-throat
area.””'” These flaps are generally small, especially rela-
tive to our mean flap size of 92 cm?, which is related to the
often substantial trauma patterns in the extremities. In this
setting, patients often experience extensive soft tissue
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destruction, and a large flap with a long pedicle is needed
to reach unaffected recipient vessels. The latissimus dorsi
flap has been regularly used during limb-preserving recon-
struction in cases with severe injuries that expose the bone
or cases with a high risk of infection.?” In our study, the
anterolateral thigh and latissimus dorsi flaps are the work-
horses of our department, as they are used in 83% and
80% of older patients and younger patients, respectively.
The latissimus dorsi flap is considered the gold standard
for limb reconstruction.”®*° Although muscle and fascio-
cutaneous free flaps are currently thought to provide com-
parable long-term  functional outcomes,’®!  the
anterolateral thigh flap (as a fasciocutaneous flap) provides
better cosmetic results.®’ Thus, the anterolateral thigh flap
is commonly selected in our department based on the low
donor site morbidity and the possibility of secondary mod-
ifications, such as liposuction to address bulging flaps.
Furthermore, these secondary procedures can be per-
formed under tumescent anesthesia, which is
a substantial benefit for older patients with multiple co-
morbidities. This study failed to detect significant differ-
ences in outcomes according to flap type, donor location,
or flap vessel diameter, supporting our belief that fascio-
cutancous flaps are superior to muscle flaps for older
patients.

In this study, two veins were used for the anastomoses in
60% of the cases to reduce the load on the flap. In this
context, increased blood flow to the flap may require
a strategy to promote venous outflow and avoid secondary
edema. Stranix et al have reported that, relative to single-vein
flaps, two venous anastomoses in free flap reconstruction of
the lower extremity, a four-fold reduction in complication
rates is provided.*® However, we did not observe this level of
reduction among our patients, and there were no significant
differences between the older and younger groups in terms of
the number or location of venous anastomoses (eg, super-
ficial vs deep veins). Nevertheless, venous mismatch can lead
to turbulent blood flow, causing platelet aggregation/activa-
tion and vessel stenosis. Therefore, the recipient vein is care-
fully selected to match the diameters as closely as possible.
Similarly, supercharging via a superficial vein is used in
cases with substantial diameter mismatch. Furthermore, we
use a prophylactic perioperative and long-term low-dose
anticoagulation treatment.

Approximately 20% of cancer patients experience
venous thrombosis®>>> and have a 4-7-fold higher risk of

venous thrombo-embolism than non-cancer patients.***>

A clear consensus regarding the ideal anticoagulation pro-
tocol for free flap reconstruction is missing.**>’

In addition, literature is uncertain regarding the benefits
and risks of anticoagulation therapy and its association
with increased rates of hematoma and heparin-induced
thrombocytopenia.*® ** Thus, in cooperation with our
hematology department, we evaluated the risk factors for
patients who are undergoing a free flap reconstruction and
developed a standardized anticoagulation strategy. To
avoid early stenosis at the anastomosis, all patients receive
a single dose of heparin (2500 IU) before blood flow is
restored to the flap. Furthermore, patients receive a 5-day
postoperative course of intravenous low-dose heparin (400
IU/h), which is followed by a 6-week treatment using
acetylsalicylic acid (100 mg/day). This strategy may be
effective as comparisons of the cancer and non-cancer
patients as well as the younger and older patients, revealed
no significant differences in the flap-related outcomes,
especially not due to venous thrombosis.

This study has several limitations that should be con-
sidered. First, the sample size was small, and the analyses
might be underpowered; however, the sample size is com-
parable to those used in previous reports. Second, the
retrospective study design is prone to various sources of
bias. Third, we evaluated a heterogenecous sample of
patients with multiple indications, different flap types,
and procedures, which might have influenced the findings.
However, this heterogeneity represents the emergence of
free flap reconstruction in older patients in everyday life.
Nevertheless, the microsurgical procedures and anasto-
moses were based on a standardized operative procedure.
Therefore, large multi-center studies are needed to address
these limitations. Additionally, it may be prudent to con-
sider how nutritional status and chronic comorbidities can
influence flap-related outcomes after microsurgery in older
patients.

Conclusion

This study revealed that older and younger patients had
comparable flap-related outcomes after microsurgical free
flap reconstruction of soft tissue defects in their extremi-
ties. A standardized perioperative and long-term low-dose
anticoagulation treatment should be administered to pre-
vent anastomosis stenosis. Nevertheless, successful micro-
surgical free tissue transfer depends on various factors,
including perioperative patient care, nutritional status,
donor site, and appropriate preoperative investigations of
the arterial and venous statuses. Therefore, meticulous
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surgical planning and expertise are needed to ensure suc-
cessful outcomes in this patient population.
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