
International Journal of Medical Science in Clinical Research and Review 

Online ISSN: 2581-8945 

Available Online at https://ijmscrr.in/ Volume 8|Issue 02 (March-April) |2025 Page: 244-249 

IJMSCRR: March-April, 2025                                                                                                                                Page | 244  

© Dr. Erin Amey Ivan et al. 2025 

Review Paper 

Anaesthetic Considerations in Free Flap Surgical Procedures 
 

Authors: 

Dr. Erin Amey Ivan
1
, Dr. Ravi Varma

2
, Dr. Srinivas Nishtala

3
, Dr. Ayyanar Sakthivel Pachiappan

4
, Dr. Marilyn 

Mathew
5
, Dr. Parul Dubey

6
 

Specialist Anaesthesiologist, Department of Anaesthesiology, Rashid Hospital, UAE 

Corresponding Author:  

Dr. Erin Amey Ivan 

https://doi.org/10.5281/zenodo.15107415  

Article Received: 20-February-2025, Revised: 10-March-2025, Accepted: 30-March-2025 

ABSTRACT: 

Free flap surgery, a cornerstone of reconstructive microsurgery, addresses complex tissue defects from trauma, cancer, 

chronic wounds, infections, congenital anomalies, radiation damage, vascular insufficiency, and functional loss. This 

article explores anaesthetic management, perfusion optimization, postoperative care, critical to optimizing outcomes, 

focusing on preoperative optimization, intraoperative management, and postoperative care. Key physiological principles, 

including Hagen-Poiseuille and oxygen delivery equations, guide perfusion and oxygen delivery. Strategies such as 

multidisciplinary approach, goal-directed fluid therapy, normothermia, and judicious vasopressor use mitigate flap failure 

prevention risks (1-5%). Advances in techniques like total intravenous anaesthesia and monitoring technologies 

underscore the evolving nature of anaesthetic care in this field. 
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INTRODUCTION: 

Free flap surgery represents a pinnacle of reconstructive 

microsurgery, involving the transfer of vascularized 

tissue from a donor site to a recipient site with 

microvascular anastomosis of arteries and veins. This 

technique, first employed in humans in the late 1950s, 

has evolved significantly, offering solutions for complex 

reconstructions where conventional methods fall short, 

such as in trauma, burns, malignancy, and breast 

reconstruction following mastectomy (1, 3). Despite its 

efficacy, free flap surgery is fraught with challenges, 

including a flap failure rate of 1% to 5%, predominantly 

within the first 48 hours postoperatively (2). Anaesthetic 

management plays a critical role in optimizing outcomes 

by ensuring adequate perfusion, oxygen delivery, and 

minimizing complications such as thrombosis and 

ischemia-reperfusion injury.  

 

Conditions requiring flap surgery: 

Severe Trauma: 

Free flap surgery is often necessary for severe trauma 

with extensive tissue loss from accidents such as crush 

injuries, burns, or degloving injuries where skin, muscle, 

or bone is missing or severely damaged, as well as open 

fractures (e.g., Gustilo IIIB or IIIC) featuring significant 

soft tissue defects that cannot be addressed with local 

flaps or skin grafts. 

 

Cancer Resection: 

Free flap surgery is required for cancer resection, 

particularly after tumor removal in head and neck 

cancers (e.g., oral cavity, jaw, or throat), breast cancer 

(post-mastectomy), or sarcomas affecting limbs, where 

tissue replacement restores function and appearance. 

 

Chronic Wounds or Ulcers: 

Free flap surgery is indicated for chronic wounds or 

ulcers, such as diabetic foot ulcers, pressure sores, or 

venous stasis ulcers, resistant to conservative treatments 

or simpler surgical options, often necessitating 

vascularized tissue for healing. 

 

Infections: 

Free flap surgery is essential for severe infections like 

osteomyelitis or necrotizing fasciitis, requiring 

debridement and replacement with healthy, well-

vascularized tissue to promote healing and combat 

infection. 
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Congenital Defects: 

Free flap surgery addresses congenital defects, including 

cleft lip/palate or limb anomalies where local tissue is 

inadequate, requiring reconstruction for functional or 

aesthetic repair. 

 

Radiation Damage: 

Free flap surgery is needed for radiation damage causing 

tissue necrosis or fibrosis in cancer survivors, 

necessitating fresh, vascularized tissue to replace scarred 

or devitalized areas. 

 

Vascular Insufficiency: 

Free flap surgery is indicated for vascular insufficiency 

where local blood supply is compromised (e.g., 

peripheral artery disease), with free flaps providing a 

new blood source to the affected area. 

 

Functional Restoration: 

Free flap surgery is used for functional restoration, 

addressing loss of critical structures like muscles, 

tendons, or nerves (e.g., in the hand or face) to restore 

movement, sensation, or expression. 

 

Common Flap Donor Sites Used in Free Flap 

Surgeries: 

Anterolateral Thigh (ALT) Flap: 

The anterolateral thigh (ALT) flap, sourced from the 

front and side of the thigh, provides skin, subcutaneous 

fat, fascia, and sometimes vastus lateralis muscle, 

supplied by the descending branch of the lateral 

circumflex femoral artery, and is versatile for head and 

neck reconstruction, extremity wounds, and soft tissue 

defects, offering a long pedicle, adjustable thickness, and 

minimal donor site morbidity, though it has variable 

perforator anatomy and may be bulky. 

 

Radial Forearm Flap: 

The radial forearm flap, taken from the inner forearm, 

offers thin skin, subcutaneous tissue, and fascia with a 

radial artery blood supply, ideal for head and neck 

reconstruction (e.g., tongue, floor of mouth) due to its 

reliable anatomy, thinness, and long pedicle, but requires 

skin grafting and risks hand ischemia if radial artery 

dominance is not assessed. 

 

Fibular Flap: 

The fibular flap, from the lateral lower leg, provides 

bone with optional skin and peroneal muscles, supplied 

by the peroneal artery, and is used for mandibular 

reconstruction or long bone defects, offering up to 25 cm 

of strong cortical bone suitable for dental implants, 

though it has limited soft tissue and potential ankle 

instability. 

 

Latissimus Dorsi Flap: 

The latissimus dorsi flap, from the upper back, supplies 

muscle with optional skin and fat via the thoracodorsal 

artery, addressing large soft tissue defects (e.g., chest 

wall, scalp), with a large surface area and robust blood 

supply but is bulky, prone to donor site seroma, and 

lacks significant bone. 

 

Deep Inferior Epigastric Perforator (DIEP) Flap: 

The deep inferior epigastric perforator (DIEP) flap, from 

the lower abdomen, provides skin and fat (sparing the 

rectus abdominis muscle) with deep inferior epigastric 

artery perforators, used for breast reconstruction and 

large defects, offering abundant tissue and a hidden scar 

but is technically demanding with risks of abdominal 

wall weakness or hernia. 

 

Gracilis Flap: 

The gracilis flap, from the inner thigh, supplies muscle 

with optional skin via the medial circumflex femoral 

artery, suitable for facial reanimation and small to 

medium defects, with reliability and minimal morbidity 

but limited volume and a smaller pedicle. 

 

Scapular/Parascapular Flap: 

The scapular/parascapular flap, from the upper back 

(scapula region), offers skin, fat, and sometimes scapula 

tip bone with circumflex scapular artery supply, used for 

head and neck and extremity defects, providing moderate 

volume and less bulk than latissimus but requiring 

repositioning and having a shorter pedicle. 

 

Rectus Abdominis Flap (TRAM or Free TRAM): 
The rectus abdominis flap (TRAM or free TRAM), from 

the lower abdomen, provides muscle, skin, and fat with 

deep inferior epigastric artery supply, ideal for breast 

reconstruction or pelvic defects with large volume and 

reliable blood supply, though it sacrifices the rectus 

muscle and risks abdominal wall issues. 

 

Jejunal Flap: 

The jejunal flap, from the small intestine (jejunum), 

offers mucosal lining with jejunal branches of the 

superior mesenteric artery, used for esophageal or 

pharyngeal reconstruction, providing tubular structure 

lining but involving intra-abdominal harvest and bowel 

complication risks. 

 

Posterior Tibial Artery Flap: 

The posterior tibial artery flap, from the medial lower 

leg, supplies skin and subcutaneous tissue with posterior 

tibial artery supply, used for small defects (more 

commonly as a pedicled flap), offering thin, reliable 
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tissue but rarely used as a free flap due to sacrificing a 

major leg artery. 

Microvascular reconstruction begins with carefully 

lifting the flap via precise dissection. Next, the flap is 

linked to the recipient site through detailed 

microvascular reanastomoses. Finally, the transferred 

tissue is positioned and molded to repair the defect.(2) 

 

Physiological Considerations: 

The success of free flap surgery hinges on maintaining 

optimal microcirculatory flow and oxygen delivery to 

the transplanted tissue, which is denervated and lacks 

intrinsic sympathetic tone post-dissection (2, 3). 

 

Hagen-Poiseuille’s Equation: 

Q = (πr⁴ΔP) / (8ηL) 

Where: Q is the flow ; r is the vessel  radius ;ΔP is the 

pressure gradient; η (eta) is the viscosity ; L is the length  

A small reduction in radius, proportional to the fourth 

power, can drastically impair flow, while maintaining 

mean arterial pressure (MAP) which is the difference in 

the pressure gradients (ΔP ) between venules and 

arterioles ensures an adequate gradient to improve 

perfusion to flap tissue (3).  

Blood viscosity( η) influenced by haematocrit, also 

affects flow; a haematocrit of approximately 30% 

balances viscosity and oxygen-carrying capacity, though 

levels below 20% may increase bleeding risk (1, 

3).oedema can increase  the diffusion distance (L) by 

expanding the interstitial space ,slowing the delivery of 

vital substances to cells and potentially leading to flap 

failure 

 

Oxygen Flux Equation: 

DO2=CO X (1.39 X Hb X SaO2 )+(0.03 XPaO2) 

Where: DO2 is oxygen delivery,  CO is cardiac 

output,1.39 is maximum carrying capacity of 

hemoglobin;  Hb  is haemoglobin, SaO2 is oxygen 

saturation,0.03 is solubility constant and  PaO2  is partial 

pressure of oxygen. 

Anaemia, hypoxemia, or reduced cardiac output can 

compromise flap survival, while excessive fluid 

administration may increase interstitial oedema due to 

absent lymphatic drainage, further jeopardizing 

perfusion (2, 3). Hypothermia induces vasoconstriction 

and coagulopathy, exacerbating flap failure risk, 

necessitating active warming strategies (1, 3). These 

physiological principles guide anaesthetic interventions 

to support a hyperdynamic circulation with high cardiac 

output and vasodilation (3). 

 

Table 1: Local complications of Free-flap surgery [2] 

Local complications of Flap Reconstruction Mechanism 

Ischemia 

1. Arterial : anastomotic failure, arterial spasm, 

thrombosis 

2. Venous: anastomotic failure , venospasm, 

thrombosis, venous congestion due to 

haematoma, oedema, or external compression 

such as dressings 

Primary Ischemia: occurs after vessel clamping 

during flap elevation at the donor site which 

induces anaerobic metabolism leading to 

acidosis and a rise in proinflammatory 

mediators. 

Secondary ischemia: occurs after anastomosis 

from inadequate flap perfusion or oxygen 

delivery. 

Reperfusion injury Begins with vessel declamping after completion 

of microvascular anastomosis. Inflammatory 

substances and metabolites are released into the 

circulation after period of ischemia which can 

cause microvascular damage. 

Wound infection Inflammatory mediators and oedema can impair 

flap perfusion 

 

Preoperative Assessment: 
Preoperative optimization is essential to mitigate patient-

specific risks that could compromise flap survival. A 

multidisciplinary team (MDT) approach, involving 

surgeons, anaesthetists, and other specialists, enhances 

patient preparation and outcomes (1, 2). Patients require 

thorough education about the procedure, correlating with 

improved satisfaction and recovery (1). Key modifiable 

factors include smoking cessation 4-6 weeks 

preoperatively to reduce vasoconstriction and pulmonary 

complications, with nicotine replacement contraindicated 

due to its vasoactive effects (2, 3). Diabetic patients 

should target HbA1c < 8% and glucose levels of 4-12 

mmol/L to minimize infection and vascular compromise 

risks (1, 2). 
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Anaemia, linked to increased flap failure and thrombosis 

when haemoglobin falls below 10 g/dL, warrants 

consideration of preoperative transfusion if levels drop 

below 8 g/dL or haematocrit below 30%, especially in 

ischaemic heart disease cases (1, 2, 4). Cancer patients, 

often presenting with malnutrition, immunosuppression, 

and radiotherapy-induced microvascular damage, require 

tailored assessment (2). Contraindications such as 

hypercoagulable states (e.g., sickle cell 

anaemia;polycythemia) are critical to identify due to 

heightened thrombosis risk (5). Baseline 

investigations—full blood count, clotting screen, chest 

X-ray, ECG, and arterial blood gases—should be guided 

by comorbidities, with blood cross-matched for 

extensive surgeries (3). Sedative premedication, such as 

lorazepam, may be used, and age alone is not a 

contraindication, as evidenced by successful outcomes in 

elderly patients (3). 

 

Intraoperative Care: 

Intraoperative management is pivotal in supporting flap 

perfusion and patient stability. Standard American 

Society of Anesthesiologists (ASA) monitoring, 

supplemented by invasive arterial lines for real-time 

haemodynamic and biochemical data, is recommended. 

(1, 2, 3).  

Given the intricate nature and extended duration of these 

procedures, along with the presence of comorbidities in 

the patient population, it is typically advised to use at 

least two large bore  intravenous cannulae. In cases 

where multiple non-compatible infusions are necessary, 

central venous access might be a better option, though 

this is infrequently required. (16) 

Positioning requires meticulous padding to prevent nerve 

injury and pressure necrosis, given the prolonged 

surgical duration (1, 2, 3). 

Airway management depends upon the pre operative 

assessment of the patient including any prior history of 

airway surgery ,radiotherapy, difficult intubation or other 

patient comorbidities. 

Intubation may be carried out using direct laryngoscopy, 

videolaryngoscopy or fiber optic intubation depending 

upon the cases. In cases of oral flap surgeries ,surgical 

tracheostomy may also be needed.(16) 

Anaesthetic techniques vary, with both inhalation (e.g., 

sevoflurane, isoflurane, desflurane) and total intravenous 

anaesthesia (TIVA) with propofol acceptable (1, 2). 

TIVA offers anti-inflammatory ,antiimmunomodulatory 

and anti-emetic benefits, potentially improving outcomes 

in cancer surgery, though it may require deeper 

relaxation (1, 7). Remifentanil, a short-acting opioid, 

provides vasodilation and rapid pressure control, 

reducing neuromuscular blockade needs, though post-

infusion hyperalgesia is a concern (3,5). 

 Regional techniques, such as epidural anaesthesia , 

enhance analgesia and vasodilation but risk a “steal 

phenomenon” or hypotension, particularly in 

hypovolaemic patients, where a 40% reduction in 

microcirculatory flow has been observed (3, 8). Epidural 

Anesthesia is thus initiated cautiously towards surgery’s 

end with low-dose bupivacaine or ropivacaine  (3). 

Haemodynamic goals target Mean Arterial 

Pressure(MAP) > 60-70 mmHg to ensure perfusion 

during microanastomotic and flap insetting phases, using 

goal-directed fluid therapy (GDFT) with crystalloids and 

colloids (e.g., hydroxyethyl starch) to maintain urine 

output of 0.5-1 mL/kg/h (1, 6). Overzealous fluid 

administration risks oedema and coagulopathy, while 

restriction may cause hypotension and thrombosis (1, 2, 

9). 

 A haematocrit of 30-35% optimizes oxygen delivery 

and viscosity, with transfusion considered below 8 g/dL 

(1, 2, 4). Vasopressor use (e.g., phenylephrine, 

metaraminol) remains debated; despite fears of 

vasoconstriction, studies show no increased flap failure 

risk with judicious use alongside volume replacement (1, 

2, 10, 11). 

Normothermia is maintained with forced-air warmers, 

fluid warmers, and ambient temperature control at 24°C, 

as hypothermia triggers vasoconstriction and flap 

compromise (1, 3). Both core and peripheral 

temperatures should be tracked, aiming to keep the 

difference between them ideally under 1°C. The 

temperature gradient ( ΔT), typically measured with a 

specialized urinary catheter for continuous monitoring, 

can help evaluate the patient’s fluid status, and this can 

be continued into the postoperative phase. Following 

surgery, the patient should be quickly transferred to a 

designated warmer space for further monitoring. 

Ventilation targets normoxia and normocapnia to avoid 

catecholamine-induced vasoconstriction from hypoxia or 

hypercapnia (2). Thromboprophylaxis with heparin or 

pneumatic stockings, and tranexamic acid for blood loss 

reduction without increased thrombosis risk, are 

recommended (2, 12).  

Emergence requires smooth extubation to prevent 

venous pressure surges, using techniques like deep plane 

extubation or lidocaine boluses (3). 

 

Postoperative Management: 
Postoperative care extends intraoperative strategies to 

prevent secondary ischemia and thrombosis. While 

uncomplicated cases may not require high-dependency 

unit (HDU) admission, monitoring in such settings is 

prudent for high-risk patients (1, 14). Flap assessment 

relies on clinical observation (skin colour, capillary 

refill>2 seconds) and adjuncts like Doppler or near-

infrared spectroscopy (NIRS) to detect compromise, 

with a 75% salvage rate if re-explored promptly (1, 2, 
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15). Early mobilization, removal of foleys catheter on 

first post operative day, and feeding in breast 

reconstruction patients enhance recovery (1). 

Normothermia (core-peripheral temperature gradient < 

1°C), a hyperdynamic circulation,urine output >1 

ml/kg/minute;Sao2 >94% with oxygen therapy for the 

first 24 hours and haematocrit of 30% are maintained 

(3). Analgesia shifts to multimodal, opioid-sparing 

approaches (e.g., dexmedetomidine) to reduce Post 

Operative Nausea Vomiting(PONV) and thrombosis, 

building on intraoperative opioid-free analgesia (OFA) 

successes (1, 13). Anticoagulation with low-molecular-

weight heparin (LMWH) is initiated if bleeding risk is 

low (1). Fluid management continues with goal directed 

fluid therapy, guided by urine output and lactate levels, 

to avoid oedema (1, 2). 

 

Table 2: Reasons for flap failure [3] 

Arterial  Arterial thrombosis and spasm 

Venous flow Venous thrombosis and spasm ;mechanical 

compressions like dressings 

Flap oedema  Extreme Hemodilution;prolonged ischemia;over 

manipulation of tissue;over administration of 

crystalloid solutions 

Hypotension  Hypovolemia;cardiac depressant drugs 

;sympathetic blockade (epidural 

anesthesia);cardiac failure;profound 

vasodilatation 

Prompt intervention significantly improves the salvage rate of compromised flaps and urgent exploration in the operating 

theatre to restore microvascular anastomosis is critical for the definitive management of a failing flap.(16) 

 

CONCLUSIONS: 

Anaesthetic management in free flap surgery is a 

multifaceted process requiring a deep understanding of 

physiological principles, meticulous preoperative 

optimization, and tailored intraoperative and 

postoperative care. The Hagen-Poiseuille and oxygen 

flux equations provide a framework for maintaining 

perfusion and oxygen delivery, while GDFT, 

normothermia, and judicious vasopressor use address 

haemodynamic stability. Preoperative MDT assessments 

and patient education, alongside intraoperative 

techniques like TIVA and regional anaesthesia, enhance 

outcomes. Postoperative monitoring and early 

intervention for flap compromise are critical to mitigate 

failure risks. As technology advances, anaesthetic 

strategies will continue to evolve, necessitating ongoing 

research and collaboration to refine practices and 

improve patient outcomes in this complex field. 
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