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ABSTRACT: Medical paradox of induced hypotension has arisen because bleeding during operative 

interventions has become a problem of increasing importance during the past few years. Certain 

surgical procedures are now so vastly extensive and that other operations have penetrated so deeply 

into the vital structure of the body. A number of workers, both on this continent and abroad, have 

suggested that one effective method of controlling either gross hemorrhage or excessive vascular 

ooze may be by the reduction of systemic arterial pressure. When such a deliberate hypotension is 

combined with proper posturing of the patient so that the operative site is superior, permitting 

gravitational venous drainage away from the wound to the dependent portions of the body, the 

technique has been called “controlled hypotension,” and has been employed to achieve a relatively 

ischemic operative field. 
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INTRODUCTION: For half a century, controlled hypotension has been used to reduce the bleeding 

and the need for blood transfusion, and provide a satisfactory bloodless surgical field. It has been 

indicated in oromaxillofacial surgery (mandibular osteotomy, facial repair), endoscopic sinus or 

middle ear microsurgery, spinal surgery and other neurosurgery (aneurysm), major orthopedic 

surgery (hip or knee replacement, spinal), prostatectomy, cardiovascular surgery and liver transplant 

surgery. Controlled hypotension defined as a reduction of the systolic blood pressure to 80-90 mm 

Hg, a reduction of mean arterial pressure (MAP) to 50-60 mm Hg or a 30% reduction of baseline 

MAP. 

The greatest efficacy and ease-of-use to toxicity ratio is for techniques of anesthesia that 

associate analgesia and hypotension at clinical concentrations without the need for potent 

hypotensive agents. 

It is recommended that Hypotensive anesthesia be adjusted in relation to the patient’s 

preoperative blood pressure rather than a specific target pressure and be limited to that level 

necessary to reduce bleeding in the surgical field and in duration to that part of the surgical 

procedure deemed to benefit by it. 

Appropriate patient evaluation and selection, proper positioning and monitoring, and 

adequate flood therapy are stressed as important consideration in patients undergoing induced 

hypotension during surgery. 

The aim of this article to view general factors that influence surgical bleeding and to discuss 

measures for reducing it. 

 

PHYSIOLOGY: In order to use induced hypotension for the optimal benefit of the patient, it is 

necessary to have an understanding of the regulation of blood flow of vital organs. Even relatively 
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short periods of unwanted hypotension, such as those associated with “shock,” may be followed by 

irreversible organ damage. In this situation, the severe decrease in organ blood flow is accompanied 

by acid-based and metabolic changes. Controlled hypotension rarely results in damage, however, 

because organ blood flow is normally well maintained. 

Richly perfused tissues, such as the brain, heart, liver and kidneys exhibit autoregulation of 

their own blood supply through mechanisms related to the intrinsic elasticity of the vascular smooth 

muscle and vasodilator substances produced in the metabolically active tissues. That is, they 

maintain their perfusion over a wide range of pressure changes, and it is only when the pressure 

decreases to relatively low value that adequate perfusion cannot be maintained. This critical pressure 

varies from vessel to vessel, organ to organ, and probably from individual to individual. 

 Normally, cerebral blood flow remains constant over a mean arterial pressure (MAP) range of 

60 to 150 mm Hg.1 

Volatile anesthetic drugs attenuate or abolish the autoregulation of cerebral blood flow in a 

dose-dependent manner in the following order: halothane > enflurane > isoflurane.2 The relative 

potency of these agents to decrease tissue metabolism is in the reverse order.3 Decreases in the 

arterial carbon dioxide tension (PaCO2) causes cerebral vasoconstriction. For every millimeter 

decrease in PaCO2, the cerebral blood flow decreases by 2% in normotensive subjects.4  

This effect is either updated 5 or abolished 6, 7during hypotension, depending upon the 

hypotensive agent. With isoflurane, the decrease in cerebral blood flow appears to be less than or 

equal to decrements in cerebral oxygen demand regardless of whether the patient is hypocapnic.8 

Vasodilators such as sodium nitroprusside and nitroylcerin attenuate the autoregulation of 

blood flow in a in a similar manner to that the volatile agents.3 

If the reduction in cerebral blood flow exceeds the reduction in cerebral metabolic 

requirement for oxygen, cerebral ischemia may develop. When cerebral blood flow is reduced by 

40% to 50% below control values, ischemic changes appear in the electroencephalogram (EEG), and 

below 60% the EEG become iso-electric.9 

Elevation of the head during hypotensive anesthesia can aggravate the decrease in cerebral 

perfusion pressure. The perfusion pressure decreases by 2 mm Hg for every 2.5 cm the head is raised 

above the point of monitoring.10, 11 

A head-up position in a patient decreases the apical perfusion of the lungs due to gravity, thus 

increasing dead space.11 Accordingly, the PaCO2 may rise. Induced hypotension may also decrease 

pulmonary artery pressure, increase blood flow through dependent regions of the lungs, and inhibit 

the hypoxic pulmonary vasoconstrictive effect, thereby increasing the intrapulmonary shunt and the 

PaCO2
13 This inhibition occurs with nitroprusside, nitroglycerin, and calcium-channel blockers, and to 

a lesser extent with isoflurane.14, 15 

The arterial oxygen tension (PaO2) may be reduced during hypotension for the same reason 

described for the PaCO2. Thus, it is essential to maintain the oxygen saturation within normal limits, 

which may necessitate giving more than the normal amount of oxygen during hypotensive 

anesthesia. However, 100% oxygen is not preferable during hypotension, as this may cause 

vasoconstriction, especially in the brain. 

Even at rest, cardiac muscle extracts most of the oxygen delivered to it. Consequently, any 

decrease in myocardial oxygen demand requires a parallel increase in coronary artery blood flow. 

Hypotensive anesthesia may substantially decrease coronary blood flow. However it simultaneously 
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decreases myocardial oxygen demand, due to the reduction in afterload (usually) and/or preload 

(sometimes). Furthermore, the coronary arteries dilate in response to the accumulation of metabolic 

vasodilator substances in the myocardium, thus ensuring an educate blood flow to the myocardium. 

Hypotension with a normal or slow pulse is more beneficial than one with tachycardia. Tachycardia 

will increase the oxygen demand and shorten diastole, thus decreasing blood flow to the left 

ventricular subendocardium. 

Coronary blood flow is rarely compromised in pediatric patients.9 Factors that increase 

myocardial oxygen demand, such as tachycardia, should rarely cause myocardial ischemia even when 

the child is hypotensive. In patients with coronary artery obstruction, vasodilators used for 

hypotension may induce unfavorable intramyocardial blood flow redistribution as a consequence of 

vessel dilatation, resulting in regional poststenotic hypoperfusion (the “steal” phenomenon) and 

possible myocardial ischemia.16 

Decrease in renal blood flow stimulates the rennin-angiotensin system. When the MAP falls 

below 75 mm Hg, the glomerular filtration rate falls.17 Opioid analgesics and probably most 

inhalational agents stimulate secretion of antidiuretic hormone.18 All these factors result in oliguria 

during hypotensive anesthesia. However following termination of hypotensive anesthesia, urine 

formation rapidly recovers, provided the patient is well hydrated.19 

Since the aim of hypotensive anesthesia is to reduce blood loss and provide easily visualizes 

surgical field, the degree of reduction should depend on each individual patient and clinical situation. 

The hypotension should be considered satisfactory when bleeding appears to be minimal and organ 

perfusion adequate. 

 

CONTRAINDICATIONS: Contraindications to the use of hypotensive anesthesia are listed in Table1. 

Most contraindications are relative, depending on the type of surgery, the individual patient, the 

knowledge base and skill level of the anesthetist, and the drug or technique to be used. Absolute 

contraindications include known drug allergy, inability to monitor the patient adequately, and 

unfamiliarity with the technique. 

 

Table 1: Contraindications to the use of Hypotensive Anesthesia: 

 

Anesthetist Limitations 
Lack of understanding of the technique 
Lack of technical experience 

Inability to monitor the patient adequately 
Patient limitations 
Cardiac disease 

Diabetes mellitus 
Gross anemia, hemoglobinopathies, polycythemia 
Hepatic disease 
Intolerance to the drugs available to produce hypotension 
Ischemic cerebrovascular disease 
Renal disease 
Respiratory insufficiency 

Severe systemic hypotension 
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Cardiovascular System: Mild coronary Ischemia may occur during induced systolic hypotension 

below 60 mm Hg.20 Patients with a previous history of hypertension are more susceptible to 

Ischemia. Furthermore, rapid hypotension may be accompanied by an earlier onset of Ischemic 

changes in the electrocardiogram (ECG).21 

 

Skin Necrosis: Necrosis of the skin with ulcer formation can occur after prolonged hypotensive 

anesthesia from pressure-induced hypoperfusion. Common sites are the tip of nose (due to the 

pressure of the endotracheal tube or nasogastric tube) and pressure areas in the sacral region with 

the patient in the reverse Trendelenberg position. Recently, there was a report22 of a finger injury 

from pressure of a finger probe (pulse oximeter) in a patient who had received hypotensive 

anesthesia. In a similar manner, thermal burns may appear in sacral areas when patients are placed 

on warming blankets during hypotensive anesthesia.23 

 

Cyanide Poisoning: Large dose of nitroprusside administered to effect hypotension can result in 

cyanide poisoning, which manifests as metabolic acidosis, persistent hypotension, and     

tachycardia.24-28 In some cases it has been fatal.26-28 

 

Mechanical Maneuvers to Potentiate the Action of Hypotensive Agents: 

Positioning: The importance of correct positioning of the patient during controlled hypotension in 

anesthesia cannot be overemphasized11-12. Elevation of the site of operation allows easy drainage of 

venous blood from the site of surgery. Inclining the patient (raising the head) 15O to 25O off the 

horizontal plane facilitates pooling of blood in the dependent regions of the body, thus reducing 

venous return to the heart and the cardiac preload. Blood pressure is also reduced gravimetrically in 

the operating field. For each 2.5-cm elevation of the site above the heart, there is a 2-mm Hg fall in 

blood pressure. The hypotensive effects of most of the hypotensive agents are potentiated by posture. 

Rapid changes in posture may be followed by rapid changes in blood pressure; thus, tilting the head 

down may be used to rapidly reverse excessive hypotension. 

 

Positive Airway Pressure: Use of positive pressure ventilation decreases the venous return during 

the positive pressure phase.34 This effect can be enhanced by increasing the inspiratory volume, 

prolonging the inspiratory time, and raising the positive end-expiratory pressure.31, 35 However, these 

manipulations not only cause a deleterious effect on the cardiac output and pulmonary perfusion, but 

also result in increased respiratory dead space. Increasing intrathoracic pressure can also decrease 

venous outflow from the cranium sufficiently to increase the cerebral blood volume and intracranial 

pressure. Thus, respirator manipulations to minimize venous return are usually not employed in 

controlled hypotension. 

 

ANESTHETIC MANAGEMENT: 

Preoperative Management: The decision to induce hypotension is best taken preoperatively 

following examination of the patient. As a crucial prerequisite, the anesthetist conducting the 

hypotensive anesthesia must have a thorough knowledge of the technique that is to be performed. 

Appropriate patient evaluation and selection are also important for safe induced hypotensive 

anesthesia. Preoperative investigations including hemoglobin (Hb), urea, electrolytes, and ECG 
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should be carried out. A minimum Hb of 10 g/dL should be safe in those undergoing hypotensive 

anesthesia. Either in the ward before transport or in the operating room before anesthesia, arterial 

blood gas sampling may help provide a baseline for intraoperative or postoperative measurements. 

Various premedications, including anxiolytics, analgesics, a blockers (eg, droperidol, 

chlorpromazine), b blockers (eg, metoprolol), 33 and antihypertensives (eg, clonidine), 32, 36 can assist 

the induction of hypotension during anesthesia. Vagolytic drugs are best avoided. 

 

Intraoperative Management: Following preanesthetic monitoring, induction of anesthesia can be 

carried out in the usual manner. A stress free induction and obtunding the increase in blood pressure 

and tachycardia to intubation will help set the stage for a smooth hypotensive technique. The 

endotracheal tube and any other tube placed through the nares should not exert undue pressure on 

the tip of the nose. A second intravenous line is preferable if the hypotensive drug is to be given as an 

intravenous infusion. During maintenance of anesthesia, patient who is to undergo hypotensive 

anesthesia during orthognathic surgery is usually ventilated with the help of neuromuscular blocking 

agents. 

 

Posture: As mentioned previously, the patient should be positioned with the head elevated about 20O 

above the heart. Having the legs slightly elevated by flexing the table at the hips of the patient 

prevents the patient slipping down the table and prevents pressure sores in the sacral region during 

hypotensive anesthesia. Soft cotton wool pads for the sacral region and the feet, the regions which act 

as pressure points, will help to prevent skin necrosis. 

 

Monitoring: Meticulous monitoring is essential for patient safety during hypotensive anesthesia. 

Blood pressure, intraarterial blood pressure monitoring during hypotensive anesthesia is 

recommended by many as it not only helps in getting immediate and often more accurate blood 

pressure data than can be obtained with noninvasive blood pressure monitors but also permits 

sampling for arterial blood gases, hematocrit, and other laboratory investigations. 

 If noninvasive blood pressure monitoring is also to be used, attaching a blood pressure cuff to 

the same arm that is used for arterial cannulation will help check the accuracy of blood pressure 

recordings from the indwelling catheter. Noninvasive monitoring will also be helpful during periods 

of problems with arterial blood pressure monitoring. Although not the ideal, hypotensive anesthesia 

may be carried out without invasive blood pressure monitoring, especially when the procedure is 

short and techniques are used that are not likely to cause rapid swings in blood pressure. 

 

Electrocardiogram: Monitoring of the V5 lead of the ECG with an appropriate input filter, which is 

essential for ST-segment analysis, may give an indication of cardiac Ischemia if it occurs and warn the 

anesthetist that the coronary blood supply is compromised. 

 

Oxygen saturation: It is important to monitor oxygen saturation, as hypotension can cause a 

mismatch of ventilation and perfusion in the lungs as well as reduced blood flow to peripheral 

tissues. The pulse oximeter probe should not exert undue pressure on the finger tip. 

 



DOI: 10.14260/jemds/2014/3064 

REVIEW ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 30/July 28, 2014          Page 8423 
 

End-tidal carbon dioxide: The measurement of the end-tidal carbon dioxide tension (EtCO2) will 

give an indication of the PaCO2 and will help prevent both hypo and hypercarbia. However, the 

relationship between PaCO2 and EtCO2 changes with hypotension, so that arterial blood gas 

determinations also should be carried out intermittently to make sure that the PaCO2 is within the 

desired range. 

 

Temperature: Core temperature monitoring is important during controlled hypotension, because 

body heat dissipates more rapidly from dilated vessels. Lowered temperature may decrease the 

effectiveness of vasodilators and increase the dose requirements if compensatory vasoconstriction 

occurs. 

 

Central venous pressure: A greater hypotensive response will be exhibited by hypovolemic patients 

at the onset of controlled hypotension. Central venous pressure measurements will help in 

determining the adequacy of circulating blood volume at the start of hypotension and will help to 

maintain it during the period of controlled hypotension. 

 

Urine Volume: Urine output decreases during hypotensive anesthesia. However, some urine is 

formed. If the operation is to exceed 5 hrs. a urinary catheter should be inserted. By measuring the 

urine output, it is possible to ensure that renal perfusion is maintained. Usually, once the hypotension 

is reversed, during output reverts to normal. 

Blood loss, the physiological response to blood loss may be lost during hypotensive 

anesthesia. Therefore, blood loss should be carefully estimated using swab weighing and measuring 

blood volume in suction bottles. 

 

Cardiac output: The decrease in cardiac output during hypotensive anesthesia can be measured by 

the insertion of pulmonary artery catheters. The catheters can also help in monitoring the fluid 

status, left heart function, and mixed venous oxygen content. 

 

Fluid Therapy: Proper fluid therapy is essential during hypotensive anesthesia. The aim of induced 

hypotension is to lower the MAP while maintaining adequate perfusion of all vital organs. Thus, 

preoperative fluid and electrolyte status must be assessed and corrected if necessary before 

anesthesia. During anesthesia, the fluid deficit acquired in the preoperative period because of fasting 

should be calculated and replaced during the first 1 or 2 hr. For maintenance, 5 to 6 mL/kg-hr. of 

crystalloids should be infused.  

Blood loss must be carefully observed, and replacement carried out with either an equal 

amount of colloid or three times the amount in crystalloid. If the blood loss exceeds 20% to 25% of 

the patient’s total blood volume, the loss should be replaced with blood. In operations where major 

blood loss is expected, it is preferable to insert a central venous catheter to ensure adequacy of the 

circulating volume. 

Induction of hypotension should begin at the time of mucosal incision. That will give time to 

attain the required MAP before osteotomy. Once hypotension is induced, the required level of blood 

pressure to minimize blood loss may be maintained by adjusting the amount of hypotensive agent, 

either manually or automatically by self-tuning adaptive control.29, 30 
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Hypotension should be carried out only to that level needed to reduce bleeding and only for 

that time of the surgery where it is of benefit in reducing significant blood loss. 

 

Postoperative Management: After anesthesia with induced hypotension, adequate postoperative 

care with resuscitation facilities and experienced nursing staff is essential to prevent morbidity 

and/or mortality that can occur during this period. Postoperatively, attention should be given to 

airway maintenance, oxygenation, analgesia, monitoring, positioning, reactionary hemorrhage, and 

fluid balance. Persistent hypotension, which may be related to the positioning of the patient, a 

prolonged action of the hypotensive drugs, or both, may occur. Rebound hypertension, especially 

with inadequate analgesia, is also a concern during this period. 

 

CONCLUSION: Hypotensive anesthesia is undoubtedly of great value in improving the quality of the 

surgical field. Although autologous blood transfusion and normovolemic hemodilution may be 

acceptable alternatives to homologous blood transfusion, but they do not constitute a universal 

replacement for homologous blood transfusion37 reverse trendelenberg position, surgical site 

packing, keeping only the current site of operation exposed at one time, injection of local anesthesia 

with epinephrine, and meticulous surgical technique with gentle tissue manipulation and use of 

cautery and ties are additional methods that help in reducing blood loss. 
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