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Free flap microsurgery plays an important role in the management of patients for whom standard surgical procedures may not
have been viable. Free flap transfer can be beneficial for difficult reconstructions and large defects that cannot be treated with
conventional surgical methods. However, it is a complex surgical procedure with many limitations that can be further exacerbated
by anaesthetic and patient factors. Patients who are selected for this type of surgery can prove challenging for the anaesthetist to
manage due to various metabolical and cancer-related systemic problems. Careful assessment of these patients preoperatively,
together with multidisciplinary team (MDT) meetings, can help identify and mitigate any challenges that can be encountered in
the perioperative period. Understanding the Hagen–Poiseuille and the oxygen flux equations can be beneficial in the management
of free flap surgery. The use of vasopressors has been a contentious issue with no clear consensus regarding its use in free flap
surgery. However, goal-directed fluid therapy together with vasopressors to prevent intraoperative haemodynamic instability, can
yield better outcomes than fluid therapy alone. Opioid-free analgesia (OFA) with enhanced recovery after surgery (ERAS) principles
can help ensure better patient outcomes with fewer opioid-related side-effects.
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Introduction

decades.1

• Consider optimising haemoglobin (Hb) levels by means
of transfusion or supplementation if the Hb is < 8 g/dL or
haematocrit level of < 30% with a higher threshold if features
of ischaemic heart disease are present.3 Blood transfusion
preoperatively ultimately depends on the patient and what the
end goals of transfusion are. Preoperative anaemia alone was
not associated with free flap failure, however, reconstructive
surgery patients also present with multiple comorbidities,
which can influence surgical outcomes.4

Preoperative assessment

Intraoperative management

Patients need to be educated and counselled about the proce-

Intraoperative management of free flap surgery can pose a few
challenges. Patient factors such as underlying comorbidities,
oncology patients, and complicated pathologies can be difficult
to manage. Surgical factors, such as large wounds or defects,
can result in a larger exposed surgical area which can lead to
hypothermia, major blood loss, pain, and dehydration.3 Table
I highlights four factors as aims for reconstructive surgery
anaesthesia.

Free flap surgery involves removal of tissue from a donor site
and transplanting it at a new site with anastomosis of vessels.1
Surgical corrections of defects in the form of local skin flaps have
been around for millennia.1 The first use of free flap surgery in
humans dates back to the late 1950s, with subsequent discoveries of different donor sites for free flaps over the past few

dure, which has a positive correlation with patient satisfaction
and outcomes.2 Patients should be assessed by means of a
multi-disciplinary team (MDT) approach to help optimise patient
factors that can reduce flap failure postoperatively.3 Enhanced
recovery after surgery (ERAS) principles should be used wherever
possible to limit hospital stay, reduce hospital costs, improve
patient satisfaction and patient outcomes. Factors include, but
are not limited to:

Table I: Aims during reconstructive surgery3

• Cessation of smoking 4–6 weeks prior to surgery.3

1. Preventing wound site infection
2. Preventing medical complications such as thromboembolism

• Prolonged fasting periods preoperatively can exacerbate

3. Avoiding sympathetic nervous system-related vasoconstriction

the surgical stress response.2 Carbohydrate loading or sup-

4. Ensuring flap perfusion and oxygen delivery

plementation can prove beneficial in maintaining muscle
bulk, hyperglycaemia and postoperative insulin resistance.2,3

Basic formulas and equations in physiology and physics can be
used to help establish the dynamics of free flap surgery. Of note,
understanding the Hagen–Poiseuille equation and the oxygen
flux equation are two fundamental equations that can be used to
help maintain anaesthetic goals and ensure flap survival:

However, the evidence in reconstructive surgery for this is still
lacking.3
• Targeting HBA1C levels < 8%, and serum glucose levels
between 4–12 mmol/L for diabetic patients.3
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properties with better patient outcomes in cancer-related
surgery.3,7 Regional techniques offer excellent analgesia, prevent
a stress response, and can be combined with opioid-sparing
techniques.3,6 Regional techniques can also help improve blood
flow to regional tissues due to the associated vasodilation,
however, it can also produce a “steal phenomenon” which may
alter flap outcome.6 With the recent COVID-19 pandemic, the
benefits of regional techniques over a GA have been favourable.8
A recent study showed patients undergoing lower limb free
flap surgery found that epidural anaesthesia (EA) and sedation
was the anaesthetic technique of choice in favourable patients,
regardless of the duration of surgery.8 EA did not affect flap
outcomes and the duration of surgery under sedation did not
affect patient experiences in this study.8

• Oxygen flux equation (Table II)
Table II: Oxygen flux equation5
DO2 = CO x [(1.39 x Hb x SaO2)] + [0.03 x PaO2]
DO2 = Delivery of oxygen (ml/min)
CO = Cardiac output (L/min)
1.39 = Maximum carrying capacity of haemoglobin (ml/g)
Hb = Haemoglobin concentration
SaO2 = Effective saturation of haemoglobin (%)
0.03 = Solubility constant (ml/L/mmHg)
PaO2 = Partial pressure of oxygen (mmHg)

The delivery of oxygen to tissues is important for tissue viability and prevention of infection.3 However, delivery of high
concentrations of oxygen can also have deleterious systemic
effects. Therefore, maintaining cardiac output, avoiding anaemia
and hypoxaemia can help ensure oxygen demands are met for
flap survival.

Intraoperative management
Standard American Society of Anesthesiologists (ASA) monitors
coupled with invasive monitoring with an arterial line can be
beneficial in anticipating major blood loss and monitoring
biochemical parameters. Large bore intravenous access is usually
sufficient.3 However, intravenous access can be challenging
in some patients and access to the patient can be restricted
intraoperatively. Insertion of a central line is not mandatory, but
will ultimately depend on the patient and the type of free flap
surgery. Blood loss leading to vasopressor use may need to be
anticipated in major surgical defects, for which a central line may
be beneficial. Maintain goal-directed fluid therapy (GDFT) aiming
for a urine output between 0.5–1 ml/kg.3,9 Pressure points need
to be padded to avoid nerve injury and pressure necrosis of the
skin, as it can be a prolonged procedure. Maintain normothermia
with forced-air warmer blankets and fluid warmers to prevent
hypothermia and the metabolic consequences thereof, which
can influence flap failure. Antibiotics prophylaxis should be
given within one hour of surgical incision, and continued up
to 24 hours postoperatively.2 Anti-emetic prophylaxis must be
given for postoperative nausea and vomiting (PONV), which
can be increased in breast reconstructive surgery.10 Pneumatic
stockings or compression devices will aid in mechanical
prophylaxis against deep vein thrombosis due to prolonged
surgical time.3

• Hagen–Poiseuille equation
The Hagen–Poiseuille equation helps identify three vital physiological factors for free flap perfusion which is highlighted in
Table III.3
Table III: Physiological factors involved in free flap perfusion3,6
Q=

πPr4
8nl

Q = Flow
P = Pressure difference
r = Radius
n = Viscosity
l = Length
• Mean arterial pressures: Differences in the pressure gradients
between venules and arterioles helps improve perfusion to flap
tissue.
• Blood viscosity: A lower haematocrit allows for better flow to
tissues but subsequently compromises oxygen-carrying capacity.
Therefore, titrating to a haematocrit of 30% would be beneficial
for optimum delivery of oxygen and viscosity. However, this needs
to be tailored specifically to patient-specific comorbidities and
associated end-organ function.
• Vessel diameter: Numerous factors can affect vessel patency and
can reduce flow to tissues. These can be divided into metabolic
and non-metabolic factors.
◦ Metabolic factors inducing sympathetic system activation by
hypothermia, acidosis, hypercarbia, hypoxia pain, release of
inflammatory mediators and metabolites during clamping/
unclamping.

Haemodynamic goals and fluids
Most fluid resuscitation in the first 24 hours occurs
intraoperatively, which may impact surgical outcomes.9
Administration of intravenous balanced crystalloid solutions
for maintenance, and synthetic colloids such as hydroxyethyl
starch (HES) to supplement intraoperative blood loss can be
beneficial.3 However, due to the lack of lymphatic drainage of
free flaps, it is paramount to avoid over administration of fluids
by adhering to dosing guidelines. Cardiac output monitors
can help assist to maintain and target haemodynamic goals.
Maintaining mean arterial pressure (MAP) of > 60 mmHg should
be targeted with GDFT and vasopressors.2,3 Limiting fluid therapy
intraoperatively can cause reduced perfusion, hypotension,
thrombosis and adverse flap outcomes.2,9 Whereas overzealous

◦ Non-metabolic factors associated with reduced flow include
atherosclerosis, vasospasm from surgical handling, microvascularthrombosis, external compression from a haematoma collection
or tissue oedema.

The anaesthetic technique
The anaesthetic technique will be dependent on patient and
surgical factors together with ERAS principles. Both inhalation
and total intravenous anaesthesia (TIVA)-based techniques for
general anaesthesia (GA) are acceptable in free flap surgery.
However, TIVA with propofol has been associated with antiinflammatory, anti-immunomodulatory and anti-emetic
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at the end of surgery with a postoperative infusion, had better
haemodynamic and flap outcomes compared to morphine.

use of fluids can lead to tissue oedema, dilutional coagulopathy and eventually flap failure.2,3,6,10-12 Anker et al.11 showed
that there was no flap failure with deep inferior epigastric
perforator (DIEP) free flap surgery when using noradrenaline with
a restrictive fluid strategy of less than 2 ml/kg/hr of crystalloids.
Judicious fluid management to maintain a urine output of
0.5–1 ml/kg/hr, together with dynamic indices such as pulse
pressure variation (PPV) and serum lactate levels can help guide
fluid requirements.3,10

Flap failure
Flap complications can cause patient dissatisfaction, increased
hospital stay and financial implications. The causes of flap
failure can be related to patient or surgical complications. The
anaesthetic management in microvascular free flap surgery plays
an important part in the outcomes of this surgery. Jayaram et al.6
found that preoperative haemodynamic instability and regional
techniques predicted flap failure, with the most common complication being venous thrombosis. Zubair et al.16 found that the
most common cause of an unanticipated return to theatre in
head and neck surgery patients was surgically related. They also
found that factors such as prolonged surgery and perioperative
blood transfusion compounded any surgical insult.16 The most
common cause of flap failure can be attributed to venous and
arterial thrombosis, followed by wound haematoma formation
and recipient vessel problems.4,15

Vasopressors
The use of vasopressors in free flap surgery has been
highly debated and inconclusive. Surveys done amongst
surgeons and anaesthetists found that most prefer not to use
vasopressors intraoperatively.12 This can be attributed to fear
of potential complications such as thrombosis, vasospasm and
reduced blood flow to tissue leading to flap failure. However,
retrospective studies have shown that there were no accordant
effects of vasopressors on flap complications.2,12 A systematic
review to assess vasopressor use in free flap surgery found that
perioperative vasopressor use did not affect free flap surgery
as previously anticipated.12 Vasopressor use is vital to maintain
adequate haemodynamic control, which ultimately affects flap
survival.

Postoperative management
Patients need to be monitored in a high dependency unit (HDU)
for patient and surgical complications. Modalities such as nearinfrared spectroscopy (NIRS), Doppler sonography, tissue partial
pressure of oxygen and reduced capillary refill > 2 seconds can be
used to identify flap complications.3 Early mobilisation, removal
of urine catheters on Day 1 post surgery and introduction of
early postoperative feeding in breast reconstruction patients
have been suggested to be beneficial in patient outcomes.2
Anticoagulation to prevent thrombosis can be commenced and
continued with low-molecular-weight heparin (LMWH) if the
bleeding risk is low.3

Blood transfusion
Administration of blood has its own benefits and complications.
Obtaining a haematocrit value of 30% can provide optimum
balance between oxygen delivery and blood viscosity.6 The
transfusion of blood to maintain the haematocrit at > 30% did
not have any added benefit in flap outcome.6 However, allogenic
red blood cell transfusion was found to increase postoperative
complications in free flap breast reconstruction surgeries and
increased length of hospital stay in fibular flap reconstruction.2,14
A restrictive allogenic blood transfusion strategy with a cut-off
value of 7 g/dL was recommended for microvascular breast
reconstruction.2 Blood transfusion should therefore be patientand surgery-specific, with clear objectives regarding the need for
transfusion.

Conclusion
Free flap surgery has evolved over the past few decades and
will continue to do so with more technological advancements. Various factors influence flap outcome, and anaesthetic
management has a significant role to play. The anaesthetic
management should be tailored down to meet specific patient
and surgical requirements through patient education and MDT
meetings.

Analgesia
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South Afr J Anaesth Analg 2021; 27(6)Supplement

1. Steel BJ, Cope MR. A brief history of vascularized free flaps in the oral and
maxillofacial region. J Oral Maxillofac Surg. 2015;73(4):786. e1-.e11. https://doi.
org/10.1016/j.joms.2014.12.005.
2. Parikh RP, Myckatyn TM. Paravertebral blocks and enhanced recovery after
surgery protocols in breast reconstructive surgery: patient selection and
perspectives. J Pain Res. 2018;11:1567-81. https://doi.org/10.2147/JPR.S148544.
3. Mak QH, Chan HT, Irwin MG. Anaesthesia for plastic and reconstructive
surgery. Anaesthesia and Intensive Care Medicine. 2020;22(1):64-9. https://doi.
org/10.1016/j.mpaic.2020.11.006.
4. Mlodinow AS, Ver Halen JP, Rambachan A, Gaido J, Kim JYS. Anemia is
not a predictor of free flap failure: a review of NSQIP data. Microsurgery.
2013;33(6):432-8. https://doi.org/10.1002/micr.22107.
5. Deranged Physiology. Oxygen carrying capacity of whole blood 2015.
Updated 18 Jun 2021. Available from: https://derangedphysiology.com/main/
cicm-primary-exam/required-reading/respiratory-system/Chapter%201111/
oxygen-carrying-capacity-whole-blood.
6. Jayaram K, Rao P, Gurajala I, Ramachandran G. Evaluation of the effect of
regional anaesthesia on microvascular free flaps. Turk J Anaesthesiol Reanim.
2018;46(6):441-6. https://doi.org/10.5152/TJAR.2018.91129.
S120

http://www.sajaa.co.za

Principles of free flap surgery

7. Irwin M, Chung C, Ip K, Wiles M. Influence of propofol‐based total intravenous
anaesthesia on peri‐operative outcome measures: a narrative review.
Anaesthesia. 2020;75(Suppl 1):e90-e100. https://doi.org/10.1111/anae.14905.
8. Galitzine S, Wilson K, Edington M, Burumdayal A, McNally M. Patients’
reported experiences and outcomes following surgical excision of lower limb
osteomyelitis and microvascular free tissue reconstruction under ‘awake’epidural
anaesthesia and sedation. Surgeon. 2021;19(4):193-9. https://doi.org/10.1016/j.
surge.2020.05.001.
9. Nelson JA, Fischer JP, Grover R, et al. Intraoperative perfusion management
impacts postoperative outcomes: an analysis of 682 autologous breast
reconstruction patients. J Plast Reconstr Aesthet Surg. 2015;68(2):175-83.
https://doi.org/10.1016/j.bjps.2014.10.002.
10. Mulier H, De Frene B, Benmeridja L, et al. Impact of opioid-free anesthesia
on complications after deep inferior epigastric perforator flap surgery: A
retrospective cohort study. J Plast Reconstr Aesthet Surg. 2021;74(3):504-11.
https://doi.org/10.1016/j.bjps.2020.09.004.
11. Anker A, Prantl L, Strauss C, et al. Vasopressor support vs. liberal fluid
administration in deep inferior epigastric perforator (DIEP) free flap breast
reconstruction-a randomized controlled trial. Clin Hemorheol Microcirc.
2018;69(1-2):37-44. https://doi.org/10.3233/CH-189129.

South Afr J Anaesth Analg 2021; 27(6)Supplement

12. Goh CSL, Ng MJM, Song DH, Ooi ASH. Perioperative vasopressor use in free
flap surgery: a systematic review and meta-analysis. J Reconstr Microsurg.
2019;35(7):529-40. https://doi.org/10.1055/s-0039-1687914.
13. Kim MJ, Woo K-J, Park BY, Kang SR. Effects of transfusion on free flap survival:
searching for an optimal hemoglobin threshold for transfusion. J Reconstr
Microsurg. 2018;34(8):610-5. https://doi.org/10.1055/s-0038-1648244.
14. Liu ZQ, Wu HX, Cheng S, et al. Unnecessary blood transfusion prolongs length
of hospital stay of patients who undergo free fibular flap reconstruction of
mandibulofacial defects: a propensity score-matched study. Journal of Oral
and Maxillofacial Surgery. 2020;78(12):2316-27. https://doi.org/10.1016/j.
joms.2020.07.213.
15. Rajan S, Moorthy S, Paul J, Kumar L. Effect of dexmedetomidine on postoperative
hemodynamics and outcome of free flaps in head and neck reconstructive
surgeries. The Open Anesthesia Journal. 2016;10(1). https://doi.org/10.2174/187
4321801610010012.
16. Zubair F, McMahon J, Carson E, et al. Unscheduled return to the operating
theatre after head and neck surgery with free flap repair. Br J Oral Maxillofac
Surg. 2020. https://doi.org/10.1016/j.bjoms.2020.08.119.

S121

http://www.sajaa.co.za

