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Abstract 

Introduction: Anesthetic management for free flap surgery contributes to flap survival, as 

hypotension is an independent predictor of flap loss. The optimal blood pressure range is 

unknown and there are no standardized guidelines available in this area. The aim of this 

integrative review was to provide evidence-based recommendations for hypotension 

management during microvascular free flap reconstruction surgery.  

Methods: Articles evaluating anesthetic related predictors of flap survival were critically 

appraised for validity, reliability, and rigor of study.  

Results: Current practice favors the use of fluids over vasopressors, supported by animal studies 

and anecdotal evidence. Clinical data demonstrated vasopressor use does not affect flap survival, 

and norepinephrine and dobutamine may improve flap outcomes. Both high and low fluid 

volumes affect flap complications (<3.5 mL/kg/hr; >6 mL/kg/hr). Over-resuscitation contributes 

to flap edema and under-resuscitation contributes to flap thrombosis. Excessively high fluid 

volumes are associated with increased rates of flap failure (>7 L total).  

Discussion: Hypotension management should aim for mean arterial pressures (MAP) > 65 

mmHg. Vasopressors are recommended in the setting of normovolemia. Fluids should be titrated 

in a goal-directed manner via non-invasive monitors (urine output > 0.5-1.0 mL/kg/hr) and 

invasive monitors when possible (stroke volume variation < 13%). More research is needed to 

determine the exact type of fluid with minimal negative effects. Larger, prospective clinical trials 

are needed to strengthen findings of the existing evidence.  

 

Keywords: Hypotension management, free flap reconstruction surgery, free tissue transfer, 

vasoactive drugs, fluid administration 
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Introduction 

 Free tissue transfer is a microvascular surgical technique that is routinely used for many 

reconstructive procedures, but is most commonly performed to correct severe functional and 

cosmetic disfigurements after tumor resections for many types of cancers.1 Free tissue transfer 

has been the standard treatment for soft tissue and bone reconstructions over the past two 

decades and is now the standard of care for the reconstruction of complex oncologic head and 

neck defects.1–3 In breast cancer patients, most post-mastectomy breast reconstructions are 

implant-based, but the use of free flaps is becoming more common and is now considered the 

gold standard for surgical breast reconstruction.4 According to the American Society of Plastic 

Surgery 2018 data, breast reconstructions have risen by 29% since 2000, with 101,657 operations 

annually.5 Despite recent advancements in microsurgical techniques and training, the risk of 

complete flap failure remains a relevant concern with failure rates ranging from 5-7%.1,6 

 Anesthetic management contributes to flap survival,7,8 as intraoperative hypotension has 

been shown to be an independent risk factor for flap failure.83 One study found that after twenty 

episodes of hypotension, where each episode lasted five minutes with a mean arterial pressure 

(MAP) less than 60 mmHg, each additional five-minute episode increased the odds of flap loss 

by 22% (p<0.001).3 Hypotension is routinely encountered by anesthetists in this setting, and 

several contributing factors include long operative times (often more than 8-10 hours)9 and 

prolonged periods of minimal surgical stimulation.2,3 Thus, hypotension management is a critical 

part of the anesthetic plan, and optimal regulation of intraoperative hemodynamics is 

fundamental to avoid flap hypo-perfusion and ensure adequate microvascular blood flow.10–12 

 Intraoperatively, hypotension treatment options are divided mainly into two groups: 

intravascular volume replacement using crystalloids or colloids, and blood pressure support 
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using vasoactive drugs such as phenylephrine and ephedrine.13,14 Unfortunately, the optimal 

target blood pressure range during these procedures remains unknown,3 and evidenced-based 

clinical data specific to anesthesia management during free flap surgery is limited.3,8,13–16 This 

has resulted in a lack of widespread consensus on best practice regarding intraoperative 

hypotension management and current clinical practices are incredibly diverse.11 According to the 

literature, intraoperative vasopressor use has been historically viewed as unfavorable by 

surgeons,9,17–19 and this is thought to influence the standard practices of anesthetists as well.3 

Five studies9,17–20  have aimed to evaluate and define common anesthesia practice for free flap 

surgery through surveying various providers in both the United States and the United Kingdom. 

Concerning intraoperative hypotension management, all studies determined that there is 

substantial variation in current practice, however, the majority of providers reported fluid 

administration as their first-line treatment of hypotension with hesitance to use vasopressors. In 

one survey, 70% reported they do not support vasopressor use as the standard of care.18 

 Traditional practice has recently been called into question as a growing body of clinical 

evidence has revealed that fluid administration, rather than vasopressor use, is associated with 

adverse effects on flap survival.21–24 Additionally, the current climate of increased pressure on 

healthcare resources and financial constraints have heightened the sense of urgency to establish 

evidenced-based practice guidelines for free flap surgery.9 The Enhanced Recovery After 

Surgery (ERAS) Society published recommendations for the perioperative care of head/neck and 

breast free flap reconstructions in 2016 and 2017, respectively.25,26 ERAS recommendations 

related to hemodynamics are limited, and include just one hypotension-related item that provides 

an incredibly vague fluid management strategy. Furthermore, the continued lack of standardized 
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guidelines addressing intraoperative hypotension management served as a motivation for this 

review. 

 The purpose of this integrative review is to investigate current evidence and provide 

practice recommendations for intraoperative hypotension management strategies that support 

free flap survival for the patient undergoing microvascular reconstruction surgery using free 

tissue transfer. Specifically, the questions that guided the review were as follows:  

1. What are the effects of vasoactive drugs on free flap survival?  

2. What intraoperative fluid management strategies affect free flap survival?  

Methods 

 This integrative review examined all relevant available primary, secondary, and tertiary 

literature, including studies published from the time period between 2009 and 2019. The 

integrative review followed a five-step, evidence-based process guided by questions developed 

using the population, intervention, comparison, outcomes (PICO) approach. Searches of English 

language literature was conducted using the following electronic databases: MEDLINE/PubMed, 

The Cochrane Library, Academic Search Premier, Google Scholar, and Cumulative Index to 

Nursing & Allied Health Literature (CINAHL). The following search terms were used alone and 

in various combinations: anesthesia, anesthesia management, intraoperative hypotension, 

hemodynamic management, microvascular surgery, microsurgery, vasopressors, vasoactive 

agents, free flap, free flap failure, free flap complications, free tissue transfer, anesthetic 

implications, fluid management, intravenous fluid, outcomes, autologous reconstruction, and 

reconstruction. The initial search found 89 pertinent articles. Titles and abstracts were initially 

reviewed for prospective, retrospective, and experimental studies involving free flap failures. 

Case reports and letters were excluded as were studies for which the full text was inaccessible. 
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Additional studies were included after hand searching relevant journals and reviewing reference 

lists. The following professional organizations were cross-referenced: the American Society for 

Plastic Surgeons, the American Academy of Otolaryngology-Head and Neck Surgery, the 

American Society for Reconstructive Microsurgery, the National Surgical Quality Improvement 

Program (NSQIP), and the Early Recovery After Surgery (ERAS) Society. All studies were 

critically analyzed and evaluated for validity, reliability, and rigor of study. The appraised 

evidence was applied to the project via use of a matrix that was used as a data-extraction tool and 

themes were generated, wherein the clinical recommendations were developed as per the 

evidence.  

Results 

Free Flap Physiology: An Overview 

 The term “free flap” refers to free tissue grafts of bone, muscle, and other types of soft 

tissue that are taken from one part of the body and used to correct defects on another part of the 

body.1,7,9 The free flap is disconnected from its original blood supply and transferred to the site 

of reconstruction, where it is then connected to a new blood supply using microsurgical 

techniques (also termed microsurgery), and visualization through a microscope is required to 

perform the microvascular anastomoses.1,9 Free flaps normally undergo a period known as 

“primary ischemia” that begins after flap dissection from the donor site and ends after 

anastomosis at the recipient site.27,28 This ischemic period puts free tissue grafts at risk of 

ischemia-reperfusion injury, and longer primary ischemia times produce more severe reperfusion 

injuries.28 Even without prolonged primary ischemia times, any cause of secondary ischemia 

(i.e., flap hypo-perfusion) will have a significant impact on flap survival, and it is well 

established that secondary ischemia produces a more severe reperfusion injury compared to 
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primary ischemia.27 Therefore, it is imperative that prevention of secondary ischemia be the 

primary focus of the anesthetic plan. It has been recommended that systemic blood pressure 

(SBP) be maintained in the high-normal range of preoperative values, using fluid administration 

to achieve adequate hydration followed by SBP support with vasoactive drugs.29 

 Free flap pathophysiology and hemodynamics remain poorly understood,30 although 

primary ischemia times greater than four hours have been shown to increase the severity of 

reperfusion injury.27 It has also been hypothesized that the length of ischemia time that is 

tolerated by the free flap varies based on tissue type.28 This was demonstrated in a prospective 

study by Lorenzetti et al.30 that evaluated the hemodynamic characteristics of 86 different types 

of free flaps using ultrasound to measure intraoperative transit-time flow. Flap types included 21 

transverse rectus abdominis musculocutaneous (TRAM) flaps used for breast reconstructions, 18 

radial forearm flaps used for head and neck reconstructions, and 47 muscle flaps used for head 

and neck, lower extremity, and trunk reconstructions. Each was composed of various tissue types 

including fat, muscle, bone, and other soft tissue. This was the first study to discover that free 

flaps regulate their own arterial flow through a “stealing phenomenon”, where flow is controlled 

by the requirements of the flap’s vascular beds, independent of pre-anastomosis flow in the 

recipient arteries. It was also noted that intake of arterial blood flow differed between each flap 

type: highest intake was seen in flaps containing large amounts of muscle tissue, and lowest 

intake was seen in flaps containing large amounts of adipose tissue. These findings suggest that 

free flaps composed primarily of adipose tissue may be more likely to fail due to vasopressor-

mediated vasoconstriction. However, a study by Kelly et al.31 saw no difference in flap necrosis 

with respect to anatomic location in both vasopressor and non-vasopressor groups.  
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 This may be explained by a prior animal study that demonstrated secondary ischemia 

caused by venous occlusion as the most detrimental insult to free flaps.32 There are potential 

anesthetic implications related to drug pharmacology that may influence venous occlusion. A 

retrospective analysis33 published in 2018 included 5671 free flap reconstructions performed 

over the past 10 years. Vasopressors were used in 85% of the cases, of which, phenylephrine and 

ephedrine were the most frequently used vasopressors in the operating room. Ephedrine is a 

synthetic non-catecholamine that indirectly stimulates alpha and beta-adrenergic receptors 

through endogenous catecholamine release (norepinephrine), resulting in vasoconstriction with 

increased heart rate and contractility.8,34 Phenylephrine is a synthetic non-catecholamine that 

directly stimulates alpha-1-adrenergic receptors, resulting in vasoconstriction.8 It has been shown 

to cause more venous than arterial constriction due to the uneven distribution of alpha-receptors 

between veins and arteries.35 Based on this trait, phenylephrine could theoretically make venous 

occlusion more likely and contribute to flap loss. This is supported by a general consensus that 

veins are more likely to vasospasm compared to arteries of the flap microvasculature.16 

 A unique observation was noted in findings of the previously described study by Fang et 

al.,33 where authors noticed protective effects against venous congestion associated with 

vasopressor use. Unlike the majority of the studies in this review, phenylephrine was not the 

most frequently used agent. Interestingly, calcium chloride was identified as the most commonly 

used vasoactive drug in this study. To date, no clinical trial has studied each drug individually, 

and future research in this area is needed.   

Effects of Vasopressors on Flap Survival 

 The classic fear of vasopressor-associated flap complications is historically rooted in 

early animal studies that associated such drugs with adverse flap outcomes.36–39 This integrative 
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review identified conflicting results in prior animal studies. Phenylephrine decreased cardiac 

output and flap flow in the musculocutaneous flaps of swine when phenylephrine, dopamine, and 

dobutamine infusions were compared.36 This was supported by Massey et al.40 that found 

phenylephrine administration decreased perfusion to porcine flaps, while epinephrine improved 

perfusion. Conversely, when the effects of nitroprusside and phenylephrine were compared in 

porcine flaps, phenylephrine did not change cardiac output or flap flow despite a 30% increase in 

mean arterial pressure.37 Microcirculation in rat skin flaps improved following phenylephrine 

and norepinephrine administration, while reduced flow was seen in normal tissue.41 These 

conflicting results may be due to variations in the anesthetics used in each study. Phenylephrine 

decreased flap flow when intravenous pentobarbital was used to induce and maintain 

anesthesia,36 whereas phenylephrine did not change flap flow when intramuscular ketamine was 

used for induction followed by maintenance with inhalational anesthetics (halothane and nitrous 

oxide).37 

 Surgical dissection of the donor flap disconnects the tissue from all nerves, including 

complete separation from autonomic innervation. An early study by Banbury et al.39 was one of 

the first to reveal changes in flap sensitivity to adrenergic stimulation following surgical 

sympathectomy. Authors observed a tri-phasic change in flap hemodynamics, with the degree of 

vessel sensitivity based on length of time post-sympathectomy. The first phase was characterized 

by a hyper-adrenergic response immediately following acute denervation where decreased 

capillary perfusion was observed. The authors theorized that receptors are completely resistant to 

exogenous adrenergic stimulation because they are blocked by local endogenous 

neurotransmitters causing an acute downregulation of receptors. A second phase was observed 

24 hours later in which vessels became dilated but continued to exhibit resistance to vasoactive 
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drugs. The final phase was observed after two weeks of denervation, where vessels became 

hyper-responsive to all vasoactive drugs, possibly from receptor upregulation caused by chronic 

lack of local neurotransmitter release.  

 Support for intraoperative vasopressor use can be presumed using this tri-phasic model, 

where adrenergic resistance would protect the flap from vasopressor induced vasoconstriction 

during the intraoperative time period. Other animal studies have found that the final phase, 

characterized by profound sensitivity to vasoconstrictors, may start as early as 2 days 

postoperatively;37–39 in which case, flap survival is still a valid concern. If repeated doses of 

vasopressors are given intraoperatively while flap blood flow is inadequate, longer amounts of 

time are needed for the washout of vasoactive substances.16 There is no existing data related to 

the duration of vasopressor exposure and the effects extending into the early postoperative 

period.  

 Worsened Outcomes. In spite of controversy arising from animal studies, there has been 

no clinical data to link any vasoactive agent with free flap loss.42 Three clinical studies in 

humans have indicated that there may be an increased rate of flap complications associated with 

the use of vasopressors, however, none have shown an increased risk of complete flap 

failure.8,42,43 Only one study has demonstrated a statistically significant increase in flap 

complication rates related to vasopressor usage.8 

 Two prospective studies by Eley et al.43,44 compared norepinephrine, dobutamine, 

epinephrine, and dopexamine infusions postoperatively in 24 patients undergoing head and neck 

reconstructions. Free flap skin blood flow was improved with both dobutamine and 

norepinephrine infusions, with the most substantial improvement produced by norepinephrine. 

Postoperative blood flow was decreased with dopexamine and epinephrine infusions, but no 
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complete flap failures were noted with either drug.43 A recent retrospective analysis42 compared 

free flap outcomes in 18 patients receiving norepinephrine and 102 patients receiving no 

vasopressor. A key finding showed increased re-exploration rates in patients receiving 

norepinephrine (27.78%; n=5). Of these five re-explorations, venous thrombus and congestion 

was the cause in 56% of patients, although there was no significant difference in the total volume 

of crystalloid received in either group. Although flap complications were higher in the 

norepinephrine group, flap survival rates were the same in both groups.   

 Another recent retrospective study8 is the largest and most comprehensive analysis to 

date in the breast reconstruction population. Free flap outcomes of patients receiving 

intraoperative vasopressors were compared to patients receiving none. Interestingly, the 

vasopressor group exhibited a greater number of hypotensive episodes (2.3 vs 0.8, p<0.0001), 

received larger volumes of fluid (4653.0 vs 4291.7 mL, p=0.004), and exhibited a statistically 

significant increase in minor postoperative complications (53.1% vs 43.0%, p=0.016). The 

complications defined as “minor” included those involving wound healing, seroma, infection, 

partial flap loss, and fat necrosis. Nonetheless, there were no total flap losses reported in the 

vasopressor group. This is the only known study in the available microsurgical literature to 

reveal a negative effect from vasopressors, including partial flap loss. It must be noted that 

failure rates were unaffected by choice of vasopressor or by method of administration (i.e., given 

as a bolus versus an infusion). Similar findings by Chen et al.45 found that partial flap loss, 

although not statistically significant, trended higher in the vasopressor group. As a result, the 

authors recommend avoiding routine use of vasopressors in microsurgery.  

 Unchanged Outcomes. Numerous literature reviews have revealed that vasopressor 

administration does not contribute to flap complications or failure rates.10,14,16,22,34,46 In addition, 
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many clinical studies have shown that the intraoperative use of vasopressors does not affect the 

rate of reoperation or the prevalence of flap complications and failure rates.25,31,45,47,48 

Intraoperative vasopressor administration is considered safe for free tissue transfer in head and 

neck reconstructions,3,34,42,46–51 as well as breast and lower extremity.6,15,31,52,53 The vasopressor 

groups in each of these studies are very similar, including phenylephrine and ephedrine used 

alone and in combination and given as boluses. Monroe et al.47 also included dopamine, where 

1.2% of the vasopressor group received a dopamine infusion.  

 Of the existing literature, several systematic reviews and meta-analyses have also 

supported the use of vasopressors for head and neck free flap reconstructions.22,34,46 A recent 

meta-analysis46 compared the outcomes of four large cohort studies with and without 

intraoperative vasopressor use in head and neck free flap reconstruction, which included a total 

of 630 patients in the vasopressor group and 303 patients in the non-vasopressor group. 

Likewise, meta-analysis of flap complications included 549 patients in the vasopressor group and 

274 patients in the non-vasopressor group. The authors concluded that vasopressors are not 

associated with a higher risk of flap complications (p=0.71) or failures (p=0.48), which aligns 

with the current body of head and neck literature previously mentioned. However, the authors 

took their analysis one step further and aimed to identify the ideal vasoactive agent, with the 

conclusion that dobutamine and norepinephrine appeared to be the optimal vasopressors to avoid 

adverse flap outcomes. This has also been corroborated by two other studies51,52 demonstrating 

significantly improved flap flow with dobutamine, although overall flap outcomes were 

unchanged in both studies.  

 Improved Outcomes. All of the large scale meta-analyses of vasopressor use in 

microsurgery were exclusive to head and neck free flaps until this year when Knackstedt et al.13 
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published the first meta-analysis examining vasopressor use in reconstructions of every type and 

anatomic location. This was consequently the most extensive article identified in the integrative 

review, including four prospective studies and six retrospective studies. The vasopressor group 

was comprised of 6,321 total patients (67.4%) and 7,526 flaps (80.8%). There were 100 total 

failures in the vasopressor group versus 39 total failures in the non-vasopressor group. Major 

findings indicated an overall lower reoperation rate in the vasopressor group and, most notably, 

trended toward a lower rate of flap failures. Neither finding reached statistical significance, but 

the study remains the first to suggest a potential benefit to vasopressor use. A groundbreaking 

finding, that did show statistical significance, was a much higher rate of flap failures in the head 

and neck flaps receiving vasopressors compared to breast flaps receiving vasopressors. Similar 

findings were also seen in another recently published study54 assessing vasopressor use in breast 

reconstruction, showing decreased flap failure rates associated with perioperative use of 

ephedrine.  

 Only one study has demonstrated a statistically significant decrease in flap failure rates 

associated with vasopressor usage.33 This study included the greatest number of flaps (5671), the 

most diverse cohort, and the largest vasopressor group (85%). Many other studies suggested 

trends towards decreased flap failure rates in their vasopressor groups but were unable to prove 

statistical significance due to small sample sizes. Although data was retrospectively derived, the 

major strength of the study by Fang et al.33 is the extensive population size.  

 To date, there has been no prospective clinical evidence to support the absolute 

contraindication of vasopressor use during free flap surgery. However, there is ample evidence to 

suggest that vasopressor use is safe when clinically indicated. Nonetheless, further research is 

needed to provide stronger high-level data in this area.  
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Effects of Fluid Management on Flap Survival 

 Fluid management has been identified as an element of intraoperative care where 

practices may be standardized and optimized.9,17–20 It is believed that both fluid management and 

fluid type (crystalloid versus colloid) are significant determinants of flap survival,17 although, 

many authors criticize that fluid management strategies have been inadequately studied in 

microsurgery.21 The bulk of fluid management research has been focused in other surgical 

specialties, including major abdominal, vascular, and orthopedic surgery, with perioperative 

outcomes favoring goal-directed and restrictive fluid strategies.24,55 However, there are 

physiologic factors that are unique to microvascular surgery and these characteristics must be 

appreciated before examining the evidence.  

 The vascular endothelium of the free flap is very prone to injury during the intraoperative 

period through several key mechanisms. First, surgical incision and dissection of blood vessels 

subjects the free flap vasculature to endothelial damage leading to the release of inflammatory 

mediators, which increases capillary permeability12 and predisposes flaps to edema.56 Second, 

fluid overload stimulates the release of atrial natriuretic peptide, which has been shown to 

deteriorate the endothelial glycocalyx and induce rapid fluid shifts into the interstitial space.57 

These mechanisms of vascular injury are important because free flaps are entirely devoid of 

lymphatic drainage.10,11,17 An early, 1995 study12 determined that free flaps are more sensitive to 

tissue edema for several reasons, including an overall reduced ability to reabsorb interstitial fluid 

secondary to the termination of autonomic innervation and lymphatic drainage after nerves and 

lymphatic vessels are severed from surgical dissection. Many other pathophysiologic theories 

exist to explain the various mechanisms by which fluid management strategies may impact flap 

outcomes.  Fluid overload is detrimental to flap survival when severe edema produces high 
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pressures on interstitial tissues that can occlude flap blood flow and lead to venous stasis, 

thrombosis, and ultimately flap failure.30 Extensive fluid volumes may also lead to mechanical 

stress that impairs microcirculation.22 In contrast, fluid under-resuscitation might be just as 

detrimental to flap survival when hypovolemia leads to hypo-perfusion.11 Insufficient fluid 

volumes can promote inflammation and amplify ischemia-reperfusion injury, resulting in flap 

failure.58 The effect of hemodilution is also a topic of much debate. Some hypothesize that the 

hemodilution resulting from aggressive fluid therapy may worsen flap oxygenation through a 

reduction in the oxygen carrying capacity of erythrocytes, while others claim hemodilution may 

improve flap oxygenation through increasing microcirculation and flap perfusion.56 

 Fluid volume. In the context of intraoperative hypotension, avoidance of vasoactive 

drugs limits treatment options to volume resuscitation. However, the body of current evidence 

endorses a cautious approach to volume resuscitation, as numerous studies have shown excessive 

volumes of crystalloid are directly linked to higher rates of both medical and flap complications 

following free tissue transfer for head and neck, breast, and extremity reconstructions.2,14,21–

23,56,59–61 A majority of these studies have been done in the head and neck population, including 

four large cohort studies that also provided specific fluid parameters associated with 

postoperative complications.22,23,60 

 A multivariate retrospective analysis of 241 head and neck free flaps determined that 

intraoperative administration of more than 7 L of crystalloid showed a statistically significant 

association with major medical complications (p<0.05).22 A flap complication was defined as 

“major” if reoperation was required. Patients receiving more than 7 L of normal saline were 2.75 

times more likely to have a flap complication. Due to the low incidence rate of total failures 

(95% survival rate, 5 flap failures), the impact of large fluid volumes on flap failure rates did not 
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reach statistical significance. However, of the five failed flaps, the average volume of crystalloid 

exceeded 7 L (9.5 L). Interestingly, neither blood transfusions nor vasopressors were predictors 

of flap complications or survival. Another retrospective study61 of patients undergoing major 

head and neck operations (including free flaps) discovered a higher incidence of postoperative 

surgical complications in patients given an average of 6.6 L of intravenous fluid.  

 Clark et al.23 retrospectively analyzed 185 head and neck free flap patients, and identified 

a crystalloid volume greater than 130 mL/kg/day (>5.4 mL/kg/hr) as an independent variable 

associated with higher postoperative medical complications.  A large literature review by 

Brinkman et al.14 found substantiating evidence. This study analyzed the effects of high fluid 

volumes among all types of free flaps (breast, extremity, head and neck), with the final 

recommendation that basic fluid maintenance should not exceed 6 mL/kg/hr.  

 A more recent retrospective study by Ettinger et al.60 corroborates the findings of the 

previous three studies. Authors investigated the association of perioperative fluid administration 

on postoperative complications rates in 154 patients undergoing head and neck reconstructions. 

Patients given a fluid volume exceeding 5,500mL were three times more likely to suffer a 

postoperative medical or surgical complication. A total fluid volume exceeding 7,000 mL was 

identified as an independent predictor of major complications. Most notably, more than 7,000 

mL of fluid volume was the only statistically significant variable associated with major 

postoperative complications, and fluid volume was a significant variable identified across every 

statistical model used for analysis.  

  Liberal fluid administration has also been associated with increased flap failure rates in 

reconstructions of the lower extremity, breast, and head and neck.11,53,62 In a retrospective review 

of 48 free flaps for lower extremity reconstructions, flap failure was associated with more than 
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69 mL/kg of total fluid volume.62 In line with this, an increased risk of perioperative morbidity 

has been reported with colloid volumes more than 20-30 mL/kg/24hr.2,23 

 Conversely, two studies found no fluid-related flap failures in breast reconstruction.6,56 A 

retrospective study56 including 104 patients did not find fluid volume to impact overall 

complications. However, 11 patients required reoperation due to thrombus of the anastomosis; of 

these, the total fluid volume received during the original operation was significantly higher (>4.2 

L). A more recent, 2018 randomized controlled trial6 was the first prospective study identified in 

this review. This study was unique because two different regimens were used: fluid restricted 

with vasopressor dominated support using norepinephrine (FRV), and vasopressor restricted with 

liberal fluid administration (LFA). The study cohort included 12 total patients with six patients 

randomly assigned to each group (FRV vs. LFA). There was one complete flap failure in the 

LFA group, but the authors were unable to directly correlate it with the LFA protocol. The same 

authors conducted a nearly identical study one year later,53 which was also prospective in design. 

Patients undergoing free flap surgery for breast reconstruction (n=44) were randomly assigned to 

the same groups (FRV vs. LFA), but the main difference between the previous study was that 

flap perfusion was monitored with intraoperative indocyanine green (ICG) fluorescence imaging. 

The ICG imaging was used to compare total flap perfusion between the two groups, which did 

not detect a significant difference between the restricted fluid group (FRV) and the liberal fluid 

group (LFA).  

 The sample sizes in the two previous studies were all remarkably small, so fluid volume 

could have potentially reached statistical significance with larger cohorts. An additional 

drawback of the aforementioned studies is their limited generalizability, because no other flap 
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types were used other than abdominally based flaps used for breast reconstruction (TRAM flaps, 

DIEP flaps).  

 Infusion rate. The infusion rates of both crystalloids15,21,23 and colloids2,23 have been 

identified as independent predictors of postoperative complications after head/neck and breast 

reconstructions. Findings from a study by Clark et al.23 indicated crystalloid infusion rates 

greater than 130 mL/kg/24h are independently associated with a higher risk of medical 

complications, which did not include flap complications.  

 There were only two studies found in the current literature to reveal that both high and 

low fluid rates jeopardize flap survival. Both were retrospective analyses of autologous breast 

reconstruction. Zhong et al.21conducted a large cohort study (n=260) including 354 total flaps. 

This study was the first to report intravenous fluid infusion rate as a significant predictor of 

medical and surgical complications (p=0.03), including flap survival. Findings revealed an 

increased incidence of early postoperative complications at both extremes of fluid rate (low and 

high). Consequently, the authors recommended a crystalloid delivery rate limit between 3.5 and 

6 mL/kg/hr within the initial 24-hour postoperative time period.  

 The largest cohort study identified in this entire review was by Nelson et al.15 and 

included 682 patients and 1033 flaps. Findings suggest that fluid over-resuscitation may protect 

the flap against thrombosis while fluid under-resuscitation may be a larger threat to flap survival. 

A low infusion rate (<7 mL/kg/hr) was an independent predictor of postoperative thrombotic 

events. No differences in flap complications were noted for high fluid rates or colloid use. This 

was the first and only known study that has demonstrated a strong correlation between low fluid 

rates and higher rates of flap complications; but most notably, this was the only study that has 
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identified low fluid rates as the only independent variable associated with flap survival. The 

significance of this finding is strengthened by the size of the study population.  

 Although colloid infusion rates have not been linked to overall flap survival, data has 

indicated that infusion rates beyond 20-30mL/kg/24h of colloid may increase morbidity.2,23 

 Crystalloids versus colloids. Abundant evidence exists regarding the use of crystalloids 

versus colloids during macrovascular surgeries,24,55 but similar comparative studies are limited 

for microvascular surgeries.14 Compared to colloids, crystalloids are weak intravascular volume 

expanders that tend to accumulate in interstitial tissue leading to edema.11,57 Crystalloids and 

colloids also share a harmful trait, in that they both alter normal coagulation.12,22,23,63,64 High-

volume crystalloid administration creates a hyper-coagulative state favoring thrombosis14,62,65,66 

and has been found to be an independent risk factor associated with increased rates of flap 

thrombosis.12,22,23 It is believed that this hyper-coagulative state stems from an overall 

hemodilutional imbalance between endogenous anticoagulants and procoagulants that is 

triggered when crystalloids are given rapidly.62,66 It appears that this increase in coagulation 

occurs regardless of the type of crystalloid solution being used,65 but its clinical relevance 

remains unclear.67 

 It has been reported that colloids do not elicit this same effect,62 in fact, colloids seem to 

induce a more hypo-coagulative state favoring hemorrhage.63,64 A randomized controlled trial by 

Arrelano et al.64 showed that starch-containing solutions and dextrans impaired coagulation to a 

more substantial degree than albumin. Furthermore, the largest cohort study that was identified 

in this review in regard to fluid management, found no differences with colloid use through both 

univariate and multivariate analyses.15 Future research is needed to identify the exact fluid that is 

most optimal without serious side effects. 
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 Goal-directed fluid therapy. Blood pressure management is not well standardized in this 

population.10 Even so, a mean arterial blood pressure (MAP) less than 60 mmHg is generally 

considered “hypotension” in this setting, while it is commonly accepted to maintain a target 

MAP equal to or greater than 70 mmHg during anastomosis.20 Fluid replacement has 

traditionally been guided by measures of pressure including MAP and central venous pressure 

(CVP), however, several randomized trials have proven them to be inaccurate measures of fluid 

responsiveness.68 Newer, more accurate techniques use cardiac output (CO) monitoring, a 

measure of flow, to guide fluid replacement.20,69 Minimally invasive approaches to CO 

monitoring have not been possible until recently, and there has been a sudden rise in the number 

and type of devices that are now available to include. The available devices include invasive 

monitors using an arterial line (i.e., FloTrac/Vigileo system), semi-invasive monitors using a 

doppler, and non-invasive monitors using bioreactance technology (i.e., CHEETAH NICOM 

system).25,69 

 Fluid responsiveness can be identified with these devices by measuring CO, cardiac 

index (CI), and stroke volume variation (SVV) or pulse pressure variation (PPV).10 Fluid 

administration is guided by the SVV value, which is calculated by arterial pressure waveform 

analysis; and, when used in a goal-directed manner (i.e., using an elevated SVV as the trigger for 

fluid boluses) they have reliably produced better outcomes after high-risk surgeries.68,70 In line 

with the rapidly growing evidence favoring the use of CO monitoring to guide fluid replacement, 

recent guidelines published by the Enhanced Recovery After Surgery Society (ERAS) for free 

flap reconstructions of the head/neck and breast strongly recommend a goal-directed fluid 

management strategy.25,26 
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 Four studies have examined the effect of goal-directed fluid therapy (GDFT) in free flap 

surgery.34,69,71,72 Most fascinatingly, none of the head and neck studies34,71,72 were published 

before the ERAS guidelines for head and neck free flap reconstruction came out in 2016. Thus, 

consensus had been made to recommend GDFT in ERAS guidelines for free flap surgery before 

any studies in this population had correlated the findings of those from other surgical specialties. 

Furthermore, the ERAS guidelines simply state that GDFT strategies should be used, but do not 

define the target SVV values to guide fluid titration.  Recent literature suggests that when these 

devices are used in a goal-directed manner during free flap surgery, fluid titrated to maintain 

SVV less than 13% results in reduced intraoperative fluid volumes with less “rescue” fluid 

administration.69,71 

 A recent, 2018 randomized controlled trial72 found the use of GDFT to significantly 

increase free flap survival rates for head and neck reconstruction. The GDFT group (n=31) 

received total crystalloid volumes less than 7 L, which is a well-validated cutoff point associated 

with higher flap failure rates.22,60 In contrast, a prior study indicated the GDFT cohort received 

total crystalloid volumes exceeding 7 L, and was also the only study that did not find reduced 

crystalloid volumes in the GDFT group.34 This discrepancy may be due to variations in GDFT 

protocols.  

 The previously described large cohort study by Nelson et al.15 was also the first to 

investigate intraoperative resuscitation and urine output (UOP) as potential risk factors for flap 

complications. Adequate intravascular volume and resuscitation were determined by UOP, where 

normal UOP was defined as 0.5-1.0 mL/kg/hr. Intraoperative UOP less than 0.5 mL/kg/hr 

(p=0.04) and lower volumes of fluid resuscitation (p=0.04) were independently associated with 

higher rates of delayed flap thrombosis. The clinical relevance is that UOP serves as an 
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important metric to guide intraoperative fluid resuscitation. As previously discussed, it is well 

established that intraoperative volume status is most accurately measured through invasive CO 

monitoring. This study did not use invasive methods, rather, volume status was determined 

through monitoring UOP and non-invasive blood pressure measurements.  

 Despite the limitations inherent to the commonly used non-invasive methods, UOP 

monitoring should still be regarded as a standard of care to guide fluid resuscitation during free 

flap surgery,3,15 especially in the absence of other invasive techniques. Finally, goal-directed and 

individualized fluid strategies show much promise in reducing the fluid-related risks on flap 

survival. Further prospective research using uniform protocols and larger cohorts is needed.  

Discussion 

 This integrative review indicates a trend toward the development of standardized, 

evidence-based guidelines for patient care during microvascular reconstruction surgery using 

free tissue transfer, although specific guidelines have yet to be widely accepted and 

implemented. Specifically, hemodynamic management is not standardized in this 

population.3,10,13,14 Common practice has traditionally favored anecdotal experience over 

evidence, where the doctrinal banning of vasopressors has engrained volume replacement as the 

superior treatment of intraoperative hypotension.9,17–20 There is now compelling evidence to 

oppose this approach, suggesting vasopressors are not only safe to use in this setting,31,33,45,50 but 

that they might also reduce flap complications.43,73 Most importantly, the clinical evidence has 

suggested that fluids are the treatment modality to be feared and managed with heightened 

vigilance due to adverse effects of both over-and-under-resuscitation.21–23 Therefore, when 

standardized guidelines are developed, the impact of intraoperative hypotension management on 

flap survival must be considered. Specific anesthetic recommendations for clinical practice that 



 23 

serve to provide a foundation for intraoperative hypotension management strategies have been 

developed using the guiding questions for this review and are discussed here.  

 What Are the Effects of Vasoactive Drugs on Free Flap Survival in Microvascular 

Reconstruction Surgery?  Vasopressors are demonstrated to be safe in normovolemic 

patients.31,45,49,52 Vasopressor administration does not increase the risk of complete flap loss, 

partial flap loss, reoperation, or fat necrosis in breast reconstruction.45 Vasopressor use does not 

increase the rates of total flap failures or flap complications in head and neck reconstruction.47,48  

The utilization of vasopressors in upper and lower extremity reconstruction does not impact flap 

complications or flap failure rates.31 The cumulative dose and timing of vasopressor 

administration does not influence flap survival.33,45,49 Dobutamine and norepinephrine have both 

been shown to significantly improve flap blood flow in a dose-dependent manner during free flap 

reconstruction, however, norepinephrine improved flap blood flow the most.43,44,51,52 

Phenylephrine, ephedrine, and dopamine are each considered safe for use, but epinephrine has 

been shown to decrease flap blood flow following free tissue transfer.43,44 Recommendations for 

practice to address the effects of vasoactive drugs and their impact on free flap survival include 

the following: 

 Vasopressors are safe when clinically indicated for hypotension, but it is recommended 

they be used in the setting of normovolemia to augment fluid management.  

 The following drugs are safe to be given intraoperatively at any phase of the operation, at 

all normal dose ranges, and as boluses and/or infusions: phenylephrine, ephedrine, 

dopamine, dobutamine, and norepinephrine.  

 Consider norepinephrine and dobutamine infusions as first-line treatment for ongoing 

intraoperative and postoperative hypotension. 
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 Epinephrine should be used with caution as it may lead to flap ischemia; therefore, its use 

is recommended for critical or emergent scenarios only, when flap perfusion is not the 

top priority. 

 What Intraoperative Fluid Management Strategies Affect Free Flap Survival in 

Microvascular Reconstruction Surgery? The ideal fluid management strategy reduces flap 

complications and ensures sufficient blood flow and oxygen delivery to the flap. The ideal 

fluid is one that will not pass the damaged vascular endothelium. It has been proven that 

extremes of crystalloid infusion volumes, both high and low, impact flap survival.21–23 Thus, 

fluid administration is a modifiable variable that can be optimized to improve flap outcomes. 

Several critical fluid limits have been developed as cutoff volumes predictive of flap failure. 

Crystalloid volumes over 130 mL/kg/day (>5.4 mL/kg/h) are correlated with higher rates of 

major medical complications,24 and volumes exceeding 7 L are also correlated with higher 

rates of flap complications, including total flap loss.22 Recommendations for practice to 

address the effects of intraoperative fluid management strategies and their impact on free flap 

survival include the following: 

 Fluid should be given to maintain normovolemia and guided by clinical parameters to 

maintain a MAP > 65 mmHg and urine output > 0.5-1.0 mL/kg/hr.  

 Preoperative fluid deficits and insensible losses during surgery should be replaced with 

crystalloids, and intraoperative blood losses should be replaced with colloids.  

 Intraoperative crystalloid administration should not exceed a total of 7 liters, and infusion 

rate for maintenance fluids should be maintained between 3.5 and 6 mL/kg/hr.  

 A CO monitoring device should be used when possible to guide fluid replacement in a 

goal-directed manner, with fluid titration to maintain SVV < 13%.  
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 Strengths and Limitations. Limitations of this review include the low strength of 

research on some hemodynamic management strategies. Most of the current research has been 

drawn from retrospective data, however this review benefits from a large cohort of free flap 

surgeries. A majority of the existing systematic reviews are exclusive to specific flap types, 

limiting the overall generalizability of studies. Systematic reviews and meta-analyses with more 

diverse cohorts are needed to validate findings derived from prior research. Of the limited 

prospective studies, all had extremely small sample sizes. Larger, randomized controlled trials 

are needed. Although prior research supports the use of vasopressors during free flap surgery, the 

optimal dosage and timing of administration are inconclusive. Overall, vasopressor groups 

lacked variety. Ephedrine and phenylephrine were the most commonly used drugs in all clinical 

studies, with almost no exception. Thus, the impact of other less commonly used vasoactive 

drugs was unclear. A strength of this review included realistic and generalizable vasopressor 

groups. Ephedrine and phenylephrine are the most frequently used vasopressors for treatment of 

intraoperative hypotension; in this way, study samples were highly representative of realistic 

clinical practice. Additional drawbacks include inconsistent reporting of both vasopressors and 

fluids given as boluses verses infusions.  

 A major limitation of this review includes inconsistent vasopressor and fluid 

administration protocols. A majority of the studies that retrospectively analyzed vasopressor use 

only, did not specify whether or not patients receiving vasopressors also received additional fluid 

volumes in response to hypotension. Along these lines, not a single study used the same strategy 

to treat hypotension, weakening the associations derived from the meta-analyses. A few studies 

created bias through their exclusion criteria, including the exclusion of patients that received 

more than one vasopressor or those that had a vasopressor infusion continued into the 
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postoperative period. Since established definitions do not exist for many of the study variables, 

definitions were instead developed arbitrarily by each study and were often based on the 

retrospective data of the study samples. Such variables included low versus high fluid volumes 

and infusion rates, hypotension, and early versus late flap complications and failures. Overall, 

these factors obviously weaken the validity and reliability of some study findings. 

 The studies reviewed support use of crystalloids and colloids together in a goal-directed 

approach, but evidence on the superiority of one fluid over the other remains unclear. Further 

research is needed to determine the safest fluid type as well as clearly defined indications for one 

fluid over the other. However, a strength of this review includes the replication and validity of 

fluid studies. They were each exclusive to different types of flaps and patient populations, but all 

achieved similar results and recommended similar fluid cutoff limits. Thus, there is good 

generalizability of the fluid ranges mentioned in this review.  

 Finally, the current body of evidence has predominantly investigated fluids and 

vasopressors separately, which does not accurately reflect the multi-modal treatment of 

intraoperative hypotension. Future studies should take this into account and aim to investigate 

the simultaneous interactions of both fluids and vasopressors on flap survival.  

Conclusion 

 This integrative review indicates that improvements in free flap outcomes are influenced 

by intraoperative hypotension management strategies for patients undergoing microvascular 

reconstruction using free tissue transfer. Prolonged intraoperative hypotension has a profound 

impact on free flap survival, thus, early identification and rapid intervention is imperative. 

However, the approach used to treat hypotension is just as important. It is clear that vasopressors 

may be superior to fluids to maintain intraoperative blood pressure and flap perfusion. The 
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insights gained from this review provide the potential to improve current practice and guide the 

development of standardized guidelines for hypotension management during microvascular 

reconstructive surgeries. Future prospective research is needed to test the effects of these 

strategies in a more rigorous manner.  
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