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 Abstract 
Background: Vasospasm remains a significant intraoperative challenge in microvascular surgery and may compromise the success of 

microvascular anastomosis during reconstructive procedures. The phenomenon is characterized by a transient but often severe constriction of 

the vessel wall, leading to reduced blood flow and potential thrombosis. In microsurgical free tissue transfer, even minor reductions in arterial 

inflow or venous outflow may threaten flap viability. Vasospasm can be triggered by several factors including mechanical manipulation of 

the vessel, endothelial injury, temperature changes, and local release of vasoactive mediators. Because the caliber of vessels used in 

microsurgery is extremely small, even minimal vasoconstriction can critically impair perfusion. Various pharmacologic agents have therefore 

been investigated to prevent or reverse vasospasm during microvascular anastomosis. Among these agents, vasodilators such as papaverine, 

lidocaine, calcium channel blockers, nitroglycerin, and magnesium sulfate have been widely studied. Experimental animal models, particularly 

rat models, have played a crucial role in evaluating the efficacy, safety, and mechanisms of these drugs due to their reproducibility, anatomical 

suitability for microsurgery, and physiological similarities in vascular responses. 

Aim: This review aims to analyze and summarize the current experimental evidence regarding pharmacologic prevention and treatment of 

vasospasm in microvascular anastomosis using rat models. The article focuses on commonly used vasodilatory agents, their mechanisms of 

action, modes of administration, and comparative effectiveness in reducing vasospasm and improving vascular patency in microsurgical 

settings. 

Conclusion: Experimental studies using rat models have significantly advanced the understanding of microvascular vasospasm and its 

pharmacologic management. Evidence suggests that several vasodilating agents can effectively reduce vasospasm and improve vessel patency, 

although their mechanisms, onset of action, and duration of effect vary. Papaverine remains one of the most frequently used agents, while 

other drugs such as lidocaine, calcium channel blockers, and nitric oxide donors have also demonstrated promising results. Despite 

encouraging experimental findings, differences in methodology, drug dosage, and routes of administration across studies highlight the need 

for standardized experimental protocols. Translating these findings into clinical microsurgery requires further investigation to determine 

optimal pharmacologic strategies that maximize microvascular patency while minimizing potential adverse effects. 
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Introduction 

Vasospasm represents a well-recognized complication during microvascular surgery and remains an 

important technical challenge for reconstructive surgeons performing free tissue transfer. During 

microvascular anastomosis, small-caliber arteries and veins are manipulated extensively, making them 

susceptible to reflex vasoconstriction. Even transient constriction of the vessel lumen can significantly 

reduce blood flow because the diameter of these vessels typically ranges from 0.5 to 2 mm. Reduced 

perfusion at the anastomotic site may predispose to platelet aggregation, thrombosis formation, and 

ultimately flap failure. Therefore, prevention and rapid treatment of vasospasm are considered essential 

steps in successful microsurgical reconstruction. Over the past decades, numerous pharmacologic agents 

have been proposed to alleviate vasospasm and improve microvascular patency during anastomosis. [1] 

The pathophysiology of vasospasm in microsurgery is multifactorial and involves complex interactions 

between vascular smooth muscle cells, endothelial injury, neural reflexes, and local biochemical 

mediators. Mechanical irritation during dissection and clamping may disrupt the endothelial layer, 

leading to the release of vasoconstrictive substances such as endothelin and thromboxane A₂. In addition, 

activation of sympathetic nerve fibers surrounding the vessel wall can further induce smooth muscle 

contraction. The resulting narrowing of the vessel lumen reduces perfusion pressure and increases the 

risk of stagnation and thrombosis within the microvascular anastomosis. Understanding these 

mechanisms is essential for the rational use of pharmacologic vasodilators in microsurgical practice. [2] 

Microsurgeons have long relied on various intraoperative techniques to minimize the occurrence of 

vasospasm. Gentle tissue handling, avoidance of excessive traction, maintenance of adequate hydration 

of the vessel wall, and preservation of the adventitia are considered fundamental principles. Despite 

meticulous technique, however, vasospasm may still occur due to the inherent reactivity of small vessels. 

Consequently, topical or intraluminal pharmacologic agents are frequently applied to induce 

vasodilation and restore blood flow. These medications act through different mechanisms including 

inhibition of smooth muscle contraction, blockade of calcium channels, and enhancement of nitric 

oxide–mediated relaxation. [3] 

Among the experimental approaches used to investigate vasospasm, animal models have played a 

pivotal role in advancing microsurgical knowledge. In particular, rat models have become the most 

widely utilized experimental system for studying microvascular anastomosis and pharmacologic 

vasodilation. The femoral artery and vein of the rat are commonly used because they are of appropriate 

size for microsurgical manipulation and allow reproducible evaluation of vessel patency and vasospastic 

responses. Furthermore, rat models enable controlled investigation of drug dosage, administration 

routes, and direct observation of vascular reactions under standardized laboratory conditions. [4] 

Several vasodilating agents have been investigated in rat microsurgical models to determine their 

effectiveness in preventing or reversing vasospasm. Papaverine, a non-specific phosphodiesterase 

inhibitor, has traditionally been the most commonly used agent in microsurgery due to its potent smooth 

muscle relaxing properties. Other pharmacologic agents including lidocaine, calcium channel blockers 

such as verapamil and nifedipine, nitroglycerin, and magnesium sulfate have also demonstrated varying 

degrees of vasodilatory effects in experimental studies. Each drug exhibits unique pharmacodynamic 

characteristics, onset of action, and duration of effect, which may influence its clinical utility during 

microsurgical procedures. [5] 

Despite the availability of multiple pharmacologic options, there remains no universal consensus 

regarding the most effective agent or method for managing vasospasm during microvascular 

anastomosis. Differences in experimental methodology, drug concentrations, and administration 

techniques have led to heterogeneous results across studies. Additionally, some agents may cause 

endothelial irritation or systemic hemodynamic effects when used in high concentrations. Therefore, 

evaluating the comparative effectiveness and safety of these drugs through well-designed experimental 

studies is essential for guiding clinical decision-making in reconstructive microsurgery. [6] 

The aim of this review is to analyze the available experimental evidence regarding the prevention and 
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treatment of vasospasm in microvascular anastomosis using rat models. Particular emphasis is placed 

on commonly used vasodilatory agents, their mechanisms of action, and their effectiveness in improving 

microvascular blood flow and anastomotic patency. By synthesizing findings from experimental studies, 

this review seeks to provide reconstructive surgeons with a clearer understanding of pharmacologic 

strategies that may optimize outcomes in microsurgical procedures. [7] 

Furthermore, this review aims to identify current limitations in the experimental literature and highlight 

areas that require further investigation. Although rat models provide valuable insights into 

microvascular physiology and pharmacologic responses, translating these findings into clinical practice 

requires careful interpretation. Differences between experimental conditions and human surgical 

environments may influence drug efficacy and safety. Addressing these research gaps will help guide 

future studies and contribute to the development of standardized pharmacologic protocols for managing 

vasospasm in microsurgery. [8] 

Pathophysiology of Vasospasm in Microvascular Anastomosis 

Vasospasm in microvascular surgery refers to a sudden and often reversible constriction of small arteries 

or veins that results in a significant reduction in luminal diameter and blood flow. This phenomenon is 

particularly critical in microsurgical anastomosis because the vessels involved are extremely small, often 

ranging from 0.5 to 2 mm in diameter. According to principles of vascular hemodynamics, even minimal 

reductions in vessel radius can dramatically decrease blood flow, making these vessels highly 

susceptible to perfusion compromise. In reconstructive microsurgery, vasospasm may occur 

intraoperatively during vessel preparation or after completion of the anastomosis, potentially leading to 

thrombosis and flap ischemia if not promptly treated. Understanding the biological mechanisms 

responsible for vasospasm is therefore essential for the development of effective pharmacologic 

interventions. [9] 

One of the primary mechanisms underlying vasospasm is direct mechanical stimulation of the vascular 

smooth muscle during surgical manipulation. During microvascular dissection and clamping, the vessel 

wall is exposed to traction, compression, and thermal changes that may stimulate contraction of smooth 

muscle cells within the tunica media. This contraction leads to narrowing of the vascular lumen and 

decreased blood flow across the anastomotic site. Experimental studies have demonstrated that 

excessive handling or stretching of the vessel can significantly increase the likelihood of vasospasm. 

Consequently, atraumatic surgical technique, minimal manipulation, and preservation of the adventitial 

layer are considered fundamental principles in microsurgical practice to reduce this risk. [10] 

Endothelial injury also plays a central role in the development of vasospasm. The vascular endothelium 

regulates vascular tone by releasing both vasodilatory and vasoconstrictive mediators. Damage to this 

delicate layer during microsurgical manipulation can disrupt the balance of these mediators, favoring 

vasoconstriction. Injured endothelial cells may release substances such as endothelin-1 and thromboxane 

A₂, both of which are potent vasoconstrictors that stimulate smooth muscle contraction. At the same 

time, endothelial injury may reduce the production of nitric oxide and prostacyclin, which are important 

endogenous vasodilators. This imbalance between vasoconstrictive and vasodilatory factors contributes 

significantly to persistent vessel spasm after microvascular manipulation. [11] 

Neurogenic mechanisms also contribute to vasospasm during microsurgery. Small arteries are 

surrounded by sympathetic nerve fibers that regulate vascular tone through the release of 

catecholamines. Mechanical stimulation of these perivascular nerves during dissection or clamping may 

activate adrenergic receptors on vascular smooth muscle cells, resulting in intense vasoconstriction. This 

sympathetic-mediated response is particularly prominent in peripheral arteries and may persist even after 

removal of the initial stimulus. Pharmacologic agents that block adrenergic activity or promote smooth 

muscle relaxation are therefore commonly used to counteract this mechanism of vasospasm in 

experimental and clinical settings. [12] 

In addition to neural and endothelial factors, biochemical mediators released during surgical trauma can 

further amplify vasospasm. Platelet activation and inflammatory responses triggered by endothelial 

disruption lead to the release of vasoactive substances such as serotonin, prostaglandins, and 
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thromboxane. These mediators promote smooth muscle contraction and may also contribute to platelet 

aggregation within the microvascular lumen. The combination of vasoconstriction and thrombogenic 

activity increases the risk of early microvascular thrombosis following anastomosis. Therefore, 

pharmacologic agents used during microsurgery often target both vascular tone and platelet activity in 

order to preserve vessel patency. [13] 

Another important factor influencing vasospasm is temperature. Hypothermia of exposed vessels during 

surgery may enhance vascular smooth muscle contraction and increase vascular resistance. 

Experimental studies have shown that cooling of microvessels can significantly reduce luminal diameter 

and impair blood flow. For this reason, many microsurgeons advocate maintaining warm irrigation 

solutions and avoiding prolonged exposure of vessels to cold environments during microvascular 

procedures. The relationship between temperature and vascular tone highlights the importance of 

optimizing intraoperative conditions to minimize physiologic triggers of vasospasm. [14] 

The size and structural characteristics of microvessels also make them particularly prone to spasm. Small 

arteries possess a relatively thick smooth muscle layer compared with their luminal diameter, which 

allows rapid and powerful vasoconstriction in response to stimuli. In addition, the microcirculatory 

system exhibits high sensitivity to changes in intracellular calcium levels within smooth muscle cells. 

Activation of calcium channels leads to contraction of the vascular media, whereas inhibition of calcium 

influx promotes vasodilation. Many pharmacologic agents investigated in experimental microsurgery 

therefore act by modulating calcium-dependent smooth muscle contraction. [15] 

Taken together, the development of vasospasm during microvascular anastomosis results from a 

complex interaction between mechanical trauma, endothelial dysfunction, neurogenic stimulation, 

biochemical mediators, and environmental factors such as temperature. These mechanisms collectively 

lead to contraction of vascular smooth muscle and narrowing of the vessel lumen, compromising blood 

flow through the anastomosis. A comprehensive understanding of these processes forms the foundation 

for pharmacologic strategies aimed at preventing and treating vasospasm, which have been extensively 

investigated in experimental rat models of microsurgery. [16] 

Experimental Rat Models in Microsurgical Vasospasm Research 

Experimental animal models play a fundamental role in advancing the understanding of microvascular 

physiology and the pharmacologic management of vasospasm. Among the various laboratory animals 

used in microsurgical research, the rat has become the most widely accepted model due to its anatomical 

suitability, ease of handling, and reproducibility of results. Rat vessels are of an appropriate caliber for 

microsurgical manipulation, typically ranging between 0.8 and 1.5 mm in diameter, which closely 

resembles the size of vessels commonly encountered in reconstructive microsurgery. Furthermore, rats 

are relatively inexpensive, easy to maintain, and allow investigators to perform controlled experimental 

studies under standardized laboratory conditions. These advantages have made the rat model the 

cornerstone of experimental investigations examining microvascular anastomosis and pharmacologic 

vasodilation. [17] 

The femoral artery and vein of the rat are the most commonly used vessels in microsurgical experimental 

models. These vessels are readily accessible through a relatively simple surgical approach and provide 

consistent anatomical landmarks that facilitate reproducible dissection. The rat femoral artery is 

particularly valuable for studying vasospasm because it demonstrates pronounced vasomotor reactivity 

following mechanical manipulation. During experimental procedures, the vessel is carefully exposed, 

isolated from surrounding tissues, and subjected to standardized stimuli that induce vasospasm. 

Researchers can then evaluate the effectiveness of various pharmacologic agents by observing changes 

in vessel diameter, blood flow, and patency following administration of vasodilating drugs. [18] 

In addition to the femoral artery model, other vascular structures in rats have been used for microsurgical 

experimentation, including the carotid artery and the epigastric vessels. The carotid artery model allows 

investigators to study larger caliber vessels and is particularly useful for examining hemodynamic 

changes and pharmacologic responses to vasodilators. Meanwhile, the epigastric vessels have been 

employed in studies involving free flap models and microvascular reconstruction. These alternative 
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models provide valuable insights into different aspects of microvascular physiology and enable 

researchers to evaluate pharmacologic interventions in diverse vascular environments. However, the 

femoral artery model remains the most commonly utilized approach due to its technical simplicity and 

reliability. [19] 

Experimental induction of vasospasm in rat models typically involves mechanical or chemical 

stimulation of the vessel wall. Mechanical irritation, such as gentle pinching, stretching, or clamping of 

the vessel, is one of the most frequently used methods because it closely mimics the surgical 

manipulation encountered during microvascular anastomosis. These techniques provoke contraction of 

the vascular smooth muscle and result in a measurable reduction in luminal diameter. In some 

experimental protocols, vasospasm may also be induced by topical application of vasoconstrictive 

agents such as norepinephrine or serotonin. These approaches allow investigators to create controlled 

and reproducible vasospastic responses that can be quantitatively evaluated following administration of 

vasodilatory drugs. [20] 

Various methods have been developed to assess vascular responses in rat microsurgical models. Direct 

microscopic observation is commonly used to measure changes in vessel diameter following 

pharmacologic intervention. High-magnification operating microscopes allow investigators to visualize 

real-time alterations in vascular caliber and assess the degree of vasodilation achieved after drug 

application. In addition, techniques such as laser Doppler flowmetry and intravital microscopy have 

been utilized to evaluate microvascular blood flow and perfusion changes in experimental settings. 

These technologies provide objective data regarding the effectiveness of vasodilating agents in restoring 

blood flow through spastic vessels. [21] 

Evaluation of microvascular patency is another important outcome measure in rat microsurgical studies. 

Following completion of microvascular anastomosis, researchers frequently use patency tests such as 

the milking test, empty-and-refill test, or Doppler flow assessment to determine whether blood flow has 

been successfully restored. These tests help identify early thrombosis or persistent vasospasm that may 

compromise vessel function. By comparing patency rates between experimental groups treated with 

different vasodilating agents, investigators can determine the relative effectiveness of these drugs in 

preventing microvascular occlusion. [22] 

The rat model also provides an opportunity to study the pharmacokinetics and local effects of 

vasodilatory drugs under controlled conditions. Investigators can administer agents topically, 

intraluminally, or systemically and observe their effects on vessel diameter and blood flow over time. 

This flexibility allows researchers to compare different methods of drug delivery and evaluate potential 

adverse effects on the vascular endothelium. In addition, histological analysis of treated vessels can be 

performed to assess endothelial integrity, inflammatory changes, and structural alterations following 

exposure to pharmacologic agents. Such analyses are valuable in determining the safety profile of drugs 

used during microvascular procedures. [23] 

Despite its many advantages, the rat microsurgical model also has certain limitations that must be 

considered when interpreting experimental results. Differences in vascular physiology, metabolic rate, 

and drug pharmacodynamics between rats and humans may influence the response to vasodilating 

agents. Additionally, the controlled laboratory environment cannot fully replicate the complex clinical 

conditions encountered during reconstructive microsurgery in humans. Nevertheless, rat models remain 

an indispensable tool for investigating the mechanisms of vasospasm and evaluating potential 

pharmacologic interventions before their translation into clinical practice. [24] 

Mechanisms of Pharmacologic Vasodilation in Microsurgery 

Pharmacologic vasodilation plays a critical role in the management of vasospasm during microvascular 

anastomosis. Vasodilating agents used in microsurgery primarily act by relaxing vascular smooth 

muscle, restoring vessel diameter, and improving blood flow through the anastomotic site. Because 

vasospasm results from complex interactions involving smooth muscle contraction, endothelial 

dysfunction, and neurogenic stimulation, pharmacologic agents target different pathways involved in 

vascular tone regulation. These pathways include inhibition of calcium influx into smooth muscle cells, 
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enhancement of cyclic nucleotide signaling, blockade of adrenergic receptors, and stimulation of nitric 

oxide–mediated vasodilation. Understanding these mechanisms is essential for selecting the most 

appropriate vasodilating drug during microsurgical procedures. [25] 

One of the most important mechanisms of pharmacologic vasodilation involves modulation of 

intracellular calcium levels within vascular smooth muscle cells. Contraction of smooth muscle is 

largely dependent on the influx of calcium ions through voltage-gated calcium channels in the cell 

membrane. When calcium enters the cell, it activates myosin light-chain kinase, which promotes 

interaction between actin and myosin filaments, ultimately producing muscle contraction. Drugs that 

inhibit calcium entry into smooth muscle cells can therefore reduce vascular tone and promote relaxation 

of the vessel wall. Calcium channel blockers such as verapamil and nifedipine have been widely 

investigated in experimental microsurgical models because of their ability to effectively inhibit calcium-

mediated vasoconstriction. [26] 

Another important pharmacologic pathway involves the cyclic adenosine monophosphate (cAMP) and 

cyclic guanosine monophosphate (cGMP) signaling systems within vascular smooth muscle cells. These 

intracellular signaling molecules regulate smooth muscle relaxation by decreasing calcium availability 

and inhibiting contractile proteins. Certain vasodilating drugs act by increasing intracellular 

concentrations of these cyclic nucleotides. For example, phosphodiesterase inhibitors prevent the 

breakdown of cAMP and cGMP, thereby enhancing their vasodilatory effects. Papaverine, one of the 

most commonly used agents in microsurgery, acts primarily through inhibition of phosphodiesterase 

enzymes, leading to accumulation of cyclic nucleotides and subsequent smooth muscle relaxation. [27] 

Nitric oxide–mediated vasodilation represents another important mechanism that has been exploited 

pharmacologically in microsurgical practice. Nitric oxide is a potent endogenous vasodilator produced 

by endothelial cells that stimulates the formation of cGMP within vascular smooth muscle cells. This 

signaling cascade leads to relaxation of the smooth muscle layer and expansion of the vascular lumen. 

Pharmacologic agents such as nitroglycerin function as nitric oxide donors and have been used 

experimentally to counteract vasospasm by enhancing this natural vasodilatory pathway. The ability of 

nitric oxide to rapidly induce vascular relaxation makes these agents particularly useful in situations 

where immediate reversal of vasospasm is required. [28] 

Local anesthetic agents such as lidocaine have also been investigated for their vasodilatory properties in 

microsurgical models. Although lidocaine is primarily known for its nerve-blocking effects, it can also 

produce relaxation of vascular smooth muscle by stabilizing cell membranes and inhibiting sodium 

channel activity. Additionally, lidocaine may suppress sympathetic nerve activity surrounding the vessel 

wall, thereby reducing neurogenic vasoconstriction. Experimental studies have demonstrated that 

topical lidocaine application can effectively relieve vasospasm in small arteries during microsurgical 

procedures. This dual effect on both neural and smooth muscle components of vasospasm contributes 

to its usefulness as an adjunctive pharmacologic agent. [29] 

Adrenergic receptor blockade represents another strategy for pharmacologic vasodilation in 

microsurgery. Sympathetic nerve stimulation can trigger vasospasm through activation of alpha-

adrenergic receptors on vascular smooth muscle cells. Drugs that block these receptors, such as 

phentolamine, inhibit catecholamine-mediated vasoconstriction and promote vascular relaxation. 

Experimental investigations have shown that alpha-adrenergic antagonists can effectively counteract 

vasospasm induced by sympathetic stimulation or mechanical manipulation of the vessel. Although 

these agents are less commonly used than papaverine in clinical microsurgery, they have demonstrated 

promising results in experimental models. [30] 

Magnesium sulfate has also been studied as a vasodilatory agent due to its ability to act as a physiological 

calcium antagonist. Magnesium ions compete with calcium at voltage-gated channels and reduce 

calcium entry into smooth muscle cells. By decreasing intracellular calcium concentrations, magnesium 

sulfate can induce relaxation of vascular smooth muscle and reduce vasospasm. In addition, magnesium 

has been shown to possess anti-inflammatory and antithrombotic properties, which may further 

contribute to improved microvascular perfusion following anastomosis. Experimental rat studies have 
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explored the potential benefits of magnesium sulfate as a topical vasodilator in microsurgical settings. 

[31] 

Prostaglandins and prostacyclin analogs represent another class of pharmacologic agents capable of 

producing potent vasodilation. These compounds act through activation of specific receptors on vascular 

smooth muscle cells that stimulate adenylate cyclase and increase intracellular cAMP levels. The 

resulting elevation in cAMP promotes smooth muscle relaxation and inhibits platelet aggregation. 

Because thrombosis is closely associated with vasospasm in microvascular anastomosis, prostaglandins 

may offer the dual benefit of improving blood flow while reducing platelet-mediated occlusion. Several 

experimental studies have evaluated the effects of prostaglandin analogs in rat models of microsurgery 

with encouraging results. [32] 

Overall, pharmacologic vasodilation in microsurgery relies on a variety of mechanisms that ultimately 

converge on the relaxation of vascular smooth muscle and restoration of luminal diameter. These 

mechanisms include inhibition of calcium influx, enhancement of cyclic nucleotide signaling, nitric 

oxide donation, suppression of sympathetic activity, and modulation of inflammatory mediators. 

Because each drug targets different components of vascular physiology, the choice of vasodilating agent 

may depend on the underlying cause of vasospasm and the specific clinical scenario. Experimental rat 

models have been instrumental in elucidating these mechanisms and continue to provide valuable 

insights into the optimal pharmacologic management of vasospasm during microvascular anastomosis. 

[33] 

Vasodilating Drugs Used in Microvascular Anastomosis: Experimental Evidence from Rat 

Models 

Papaverine 

Papaverine is one of the most widely used vasodilating agents in microsurgical practice and has long 

been considered the standard pharmacologic treatment for intraoperative vasospasm. It is an opium 

alkaloid derivative that exerts its vasodilatory effect primarily through inhibition of phosphodiesterase 

enzymes, which leads to an increase in intracellular cyclic adenosine monophosphate (cAMP) and cyclic 

guanosine monophosphate (cGMP). These cyclic nucleotides reduce intracellular calcium 

concentrations in vascular smooth muscle cells, ultimately promoting smooth muscle relaxation and 

vessel dilation. Because of its potent and relatively rapid vasodilatory effect, papaverine has become a 

routine adjunct during microvascular anastomosis in reconstructive surgery. [34] 

Experimental studies using rat femoral artery models have demonstrated that topical papaverine 

application can effectively reverse mechanically induced vasospasm and restore vessel diameter. In 

these studies, papaverine is typically applied directly to the adventitial surface of the artery or injected 

intraluminally at low concentrations. Observations under operating microscopes have shown that 

papaverine produces rapid dilation of spastic vessels, often within minutes of application. These findings 

have been consistently reproduced in rat microsurgical models, supporting the reliability of papaverine 

as a pharmacologic agent for managing vasospasm during microvascular procedures. [35] 

Despite its widespread use, papaverine is not without limitations. Some experimental studies have 

suggested that high concentrations of papaverine may cause endothelial irritation or structural damage 

to the vessel wall. Endothelial injury may paradoxically increase the risk of thrombosis following 

microvascular anastomosis. In addition, papaverine solutions are acidic, which may contribute to local 

tissue irritation if not adequately diluted. These findings have led researchers to explore alternative 

vasodilating agents that may offer similar efficacy with fewer adverse effects on vascular endothelium. 

[36] 

Lidocaine 

Lidocaine is a local anesthetic agent that has also been investigated for its vasodilatory properties in 

microsurgical settings. In addition to blocking sodium channels in nerve fibers, lidocaine can produce 

relaxation of vascular smooth muscle and inhibit sympathetic nerve-mediated vasoconstriction. This 

dual mechanism of action makes lidocaine particularly useful in situations where vasospasm is triggered 

by both mechanical stimulation and neurogenic reflexes. As a result, topical lidocaine has been proposed 



Prevention and Treatment of Vasospasm in Microvascular Anastomosis: 

Evidence from Rat Model Studies 

Mohammed Salah et al.  
 

 

  

Cuest.fisioter.2024.53(3):7248-7259                                                                                           7255                     

as a potential adjunct for preventing or reversing vasospasm during microvascular anastomosis. [37] 

Experimental rat studies have demonstrated that lidocaine can effectively reduce vasospasm when 

applied topically to small arteries. In rat femoral artery models, application of dilute lidocaine solutions 

has been associated with rapid restoration of vessel diameter following mechanically induced 

vasospasm. Investigators have also reported improvements in microvascular blood flow and increased 

patency rates following lidocaine treatment. These findings suggest that lidocaine may provide a 

beneficial alternative or adjunct to traditional vasodilators such as papaverine in certain microsurgical 

situations. [38] 

Another advantage of lidocaine is its relatively favorable safety profile when used at appropriate 

concentrations. Unlike papaverine, lidocaine solutions are less likely to cause endothelial irritation, and 

their local anesthetic properties may reduce reflex sympathetic stimulation during surgical manipulation. 

However, excessive doses may still produce systemic toxicity if absorbed into the circulation. Therefore, 

careful control of dosage and concentration is necessary when using lidocaine as a vasodilatory agent in 

experimental or clinical microsurgery. [39] 

Calcium Channel Blockers 

Calcium channel blockers represent another class of pharmacologic agents that have been investigated 

for the treatment of microvascular vasospasm. These drugs inhibit the influx of calcium ions through 

voltage-dependent calcium channels in vascular smooth muscle cells. Because calcium is essential for 

smooth muscle contraction, blocking these channels results in relaxation of the vascular media and 

dilation of the vessel lumen. Agents such as verapamil and nifedipine have demonstrated potent 

vasodilatory effects in both clinical and experimental vascular studies. [40] 

In rat microsurgical models, calcium channel blockers have been shown to effectively reverse 

vasospasm induced by mechanical or pharmacologic stimulation. Topical or intraluminal administration 

of verapamil, for example, has been associated with significant increases in vessel diameter and 

improved microvascular blood flow. These findings support the hypothesis that calcium-mediated 

smooth muscle contraction plays a central role in the pathogenesis of vasospasm during microvascular 

manipulation. By targeting this mechanism directly, calcium channel blockers may provide an effective 

strategy for preventing or treating vasospastic events. [41] 

Another potential benefit of calcium channel blockers is their relatively long duration of action 

compared with some other vasodilating agents. This prolonged effect may help maintain vessel dilation 

during the critical postoperative period when thrombosis risk is highest. However, systemic absorption 

of these drugs may lead to hypotension or cardiovascular effects if administered in excessive doses. For 

this reason, most experimental and clinical protocols favor topical application to minimize systemic 

exposure while maximizing local vasodilatory effects. [42] 

Nitroglycerin 

Nitroglycerin is a nitric oxide donor that induces vasodilation through activation of the nitric oxide–

cGMP signaling pathway in vascular smooth muscle cells. Once metabolized within the vessel wall, 

nitroglycerin releases nitric oxide, which stimulates guanylate cyclase and increases intracellular cGMP 

levels. This cascade ultimately results in relaxation of vascular smooth muscle and expansion of the 

vessel lumen. Nitroglycerin has long been used clinically to treat coronary vasospasm and has also been 

explored as a pharmacologic agent for microsurgical vasospasm. [43] 

Experimental investigations in rat models have demonstrated that topical nitroglycerin can effectively 

alleviate vasospasm in small arteries. Studies evaluating rat femoral artery vasospasm have reported 

rapid increases in vessel diameter following nitroglycerin application, along with improvements in 

microvascular perfusion. Because nitric oxide acts directly on vascular smooth muscle, nitroglycerin 

can produce rapid and potent vasodilation even in severely spastic vessels. These characteristics make 

nitric oxide donors attractive candidates for managing vasospasm during microvascular reconstruction. 

[44] 

However, systemic absorption of nitroglycerin may lead to hypotension, tachycardia, or headaches, 

particularly when larger quantities are used. In experimental microsurgical models, careful control of 
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drug concentration and topical administration techniques are therefore essential to minimize systemic 

effects. Despite these limitations, nitric oxide–based therapies continue to attract interest as potential 

alternatives or adjuncts to traditional vasodilating agents in microsurgical practice. [45] 

 

Phentolamine 

Phentolamine is a nonselective alpha-adrenergic antagonist that counteracts sympathetic-mediated 

vasoconstriction by blocking alpha receptors on vascular smooth muscle. This mechanism is especially 

relevant in microsurgery because part of the vasospastic response is neurogenic and catecholamine 

driven, particularly after traction, clamping, or local irritation of the vessel wall. In experimental work, 

phentolamine has therefore been studied as a rational pharmacologic option for reversing arterial spasm 

when adrenergic stimulation is a major contributor. Its role is conceptually different from papaverine 

and calcium channel blockers, because it primarily interferes with receptor-mediated vasoconstriction 

rather than directly targeting cyclic nucleotide metabolism or calcium influx. [46] 

Evidence from rat models supports this mechanism. In the rat cremaster microcirculation, epinephrine-

induced arterial vasospasm was shown to be inhibited by phentolamine, confirming that alpha-

adrenergic pathways can be pharmacologically blocked in the setting of microsurgical vasospasm. More 

recent experimental work using rat vascular tissue also included phentolamine among commonly used 

antispasmodic agents and demonstrated measurable vasodilatory activity, although its potency was not 

consistently superior to the best-performing agents. These findings suggest that phentolamine may be 

most useful in selected settings in which vasospasm is strongly linked to catecholamine-mediated 

constriction rather than as a universal first-line drug. [47] 

Magnesium Sulfate 

Magnesium sulfate has attracted increasing attention as a microsurgical antispasmodic because it 

functions as a physiologic calcium antagonist. By reducing calcium entry into vascular smooth muscle 

cells, magnesium suppresses contraction and promotes vasorelaxation. This mechanism is appealing in 

microvascular surgery because calcium-dependent contraction is central to the development of 

vasospasm after vessel handling. In addition, magnesium may have endothelial-protective and 

antithrombotic effects, which could theoretically provide an advantage beyond simple vasodilation at 

the anastomotic site. [48] 

Recent rat-model data have been especially favorable for magnesium sulfate. In a mechanically induced 

rat femoral vasospasm model evaluated with laser speckle contrast imaging, 10% magnesium sulfate 

showed the strongest antispasmodic performance among multiple tested agents, with the shortest time 

to escape spasm and reach hyperperfusion. A later randomized experimental rat study comparing topical 

nitroglycerin, papaverine, and magnesium sulfate also supports magnesium sulfate as an effective 

topical option for prolonged vasospasm. Taken together, these findings position magnesium sulfate as 

one of the most promising contemporary alternatives to papaverine in experimental microsurgery. [49] 

Prostaglandins and Prostacyclin Analogs 

Prostaglandins, particularly prostaglandin E1 and prostacyclin analogs such as iloprost, are attractive 

agents in microvascular surgery because they combine vasodilatory and antiplatelet properties. Their 

vasodilatory effect is mediated largely through activation of adenylate cyclase and increased 

intracellular cyclic AMP in vascular smooth muscle, while their inhibition of platelet aggregation may 

help preserve patency in compromised microcirculation. This dual action is particularly valuable in 

microsurgery, where vasospasm and thrombosis often coexist and reinforce each other. [50] 

Although prostaglandins are less commonly discussed than papaverine in classic microsurgical practice, 

experimental evidence in rats remains relevant. In rat femoral vasospasm models, prostaglandin E1 has 

been included among recognized pharmacologic spasmolytics in microsurgical research. Additional rat 

studies examining flap survival and microcirculation have demonstrated that prostacyclin analogs such 

as iloprost can improve perfusion and reduce distal tissue necrosis. Even if these investigations are not 

always focused exclusively on anastomotic spasm, they support the concept that prostaglandin-mediated 

vasodilation can be beneficial in reconstructive microcirculation. [51] 
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From a reconstructive microsurgery perspective, the main value of prostaglandin-based agents may lie 

in complex situations where both vasodilation and inhibition of platelet aggregation are desirable. 

However, their broader clinical use is limited by potential systemic effects such as hypotension, as well 

as practical considerations including dosing complexity and availability compared with more commonly 

used agents such as papaverine or lidocaine. Therefore, while prostaglandins and prostacyclin analogs 

are pharmacologically appealing and experimentally supported, they are generally considered adjunctive 

options rather than first-line agents for routine intraoperative vasospasm management. [52] 

Overall, these additional vasodilators expand the pharmacologic options available for treating 

microsurgical vasospasm and illustrate that no single drug addresses every pathogenic mechanism 

equally. Phentolamine primarily targets adrenergic vasoconstriction, magnesium sulfate acts as a 

calcium antagonist with strong experimental support, and prostaglandins provide combined vasodilatory 

and antiplatelet effects. Because vasospasm in microvascular anastomosis is multifactorial, the optimal 

pharmacologic approach may vary depending on whether the dominant trigger is mechanical, 

neurogenic, endothelial, or thrombotic in origin. [53] 

Conclusion 

Vasospasm remains one of the most important intraoperative challenges in microvascular surgery and 

can significantly compromise the success of microvascular anastomosis. Even transient narrowing of 

small-caliber vessels can lead to reduced perfusion, thrombosis, and potential flap failure if not promptly 

recognized and managed. The pathophysiology of vasospasm is complex and multifactorial, involving 

mechanical irritation of the vessel wall, endothelial dysfunction, neurogenic stimulation, and the release 

of vasoactive mediators. Because of these multiple contributing mechanisms, effective management 

often requires both meticulous surgical technique and the use of pharmacologic vasodilating agents. 

Experimental rat models have played a crucial role in advancing the understanding of microvascular 

vasospasm and the pharmacologic strategies used to treat it. These models allow controlled investigation 

of vascular responses to mechanical manipulation and provide a reproducible environment for 

evaluating different vasodilatory drugs. Through these studies, numerous pharmacologic agents have 

been identified that can effectively reverse or prevent vasospasm by targeting various pathways involved 

in vascular smooth muscle contraction. The insights obtained from these experimental models have 

significantly influenced current microsurgical practice and continue to guide the development of new 

therapeutic approaches. 

Among the available pharmacologic agents, papaverine remains one of the most commonly used 

vasodilators in microsurgery due to its potent smooth muscle–relaxing properties and rapid onset of 

action. Other agents, including lidocaine, calcium channel blockers, nitroglycerin, magnesium sulfate, 

and prostaglandins, have also demonstrated varying degrees of effectiveness in experimental rat models. 

Each drug exerts its effect through different mechanisms, such as inhibition of calcium influx, 

enhancement of cyclic nucleotide signaling, nitric oxide donation, or blockade of adrenergic receptors. 

This diversity of pharmacologic mechanisms reflects the multifactorial nature of vasospasm and 

suggests that different agents may be more effective under specific circumstances. 

Recent experimental evidence indicates that some alternative agents, particularly magnesium sulfate and 

nitric oxide donors, may offer promising results comparable to or even exceeding traditional therapies 

in certain experimental settings. In addition, prostaglandin-based therapies provide the potential 

advantage of combined vasodilatory and antiplatelet effects, which may be beneficial in situations where 

vasospasm and thrombosis coexist. However, variability in experimental design, drug concentrations, 

and methods of administration across studies makes direct comparison between agents challenging. 

Despite encouraging experimental findings, translating results from animal models into clinical practice 

requires careful interpretation. Differences in vascular physiology between experimental animals and 

humans, as well as variations in surgical conditions, may influence drug efficacy and safety. 

Furthermore, excessive concentrations of some pharmacologic agents may cause endothelial irritation 

or systemic side effects, highlighting the importance of appropriate dosing and administration 

techniques during microsurgical procedures. 
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Future research should focus on establishing standardized experimental protocols for evaluating 

vasodilating agents in microsurgical models, as well as conducting comparative studies that directly 

assess the efficacy and safety of different pharmacologic strategies. Advances in imaging technologies 

and microcirculatory monitoring may also provide more precise assessment of vascular responses and 

improve the understanding of vasospasm dynamics. Ultimately, integrating experimental evidence with 

clinical experience will help develop optimized pharmacologic protocols for preventing and treating 

vasospasm in microvascular reconstruction. 

In conclusion, effective prevention and management of vasospasm are essential for maintaining 

microvascular patency and ensuring successful outcomes in reconstructive microsurgery. Rat 

experimental models have provided valuable insights into the mechanisms and pharmacologic treatment 

of vasospasm, highlighting several vasodilating agents with promising therapeutic potential. Continued 

research in this field will further refine pharmacologic strategies and contribute to improving the safety 

and reliability of microvascular surgical procedures. 
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