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ABSTRACT 

A prospective, randomized, blinded to the surgeon, clinical trial was used to 

compare the quality of the surglcal field, blood loss and operative tirle when using 

eil.her hvpotenslve or normotensive anesthesia dunng LeFort 1 osteotomies. 

TW€!nty-three patients were randomlzed into one of the two groups. 

Video irnaging was used to assess operative tirne along with the quality of 

the sur!Jical field. Intra-evaluator and inter-evaluator reliabilities were confirmed, 

IIltra-evaluator reliabillty being greater and sconng bemg more consistent. 

Tncre was a very highly statistlcally significant correlation (p < .0001) 

between surgeon's perception of the quaiity of the surgical field and blood 

pressure. 

Them was a statistically significant reduction (p < .01) in blood loss when 

using hypotensive anesthesia. 

There was no statistically significant reduction (p = 0.44) in operative time 

when using hypotensive anesthesla. 
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RESUME 

Cette étude prospective avait pour but de comparer les résultats d'une 

intervention chirurgicale (ostéotomies LeFort 1) auprès de deux groupes de 

patients. L'anesthésie hypotenslve fut utilisée pour le premier groupe téllldlS 

qu'avec le deuxième groupe on utilisa l'anesthésie normotcnslvc. Le chnrunlcn ne 

fut pas mis au courant de la pression sangUine de chacun des patients en question. 

Il s'agissait de vingt-trois patients ou le hasard détermilla dans quel group chacun 

serait placé. 

L'intervention chirurgicale fut enréglstrée sur vidéo cassette afin de 

déterminer la qualité du site chirurgical et d'évaluer la durée de l'Intervention. Les 

précisions de l'intra-évaluateur ainSI que celles de l'inter-évaluateur furent 

confirmées. Les précisions de l'intra-évaluateur furent supéneures et la 

consistance de ses évaluations fut plus éVidentes. 

L'étude démontra qu'il existe dans la perception du chirurgien une 

correlation marquée (p < .0001) entre la qualité du site chirurgical et la pression 

sanguine. 

Il y eut une réduction marquée (p < .01) dans la perte de liang lorsque 

l'anesthésie hypotensive fut utilisée. 

La durée de l'intervention ne fut pas affectée par l'utilisation de l'anesthésie 

hypotensive (p = 0.44) . 
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INTRODUCTION 

The National Research Coune" of the United States of America Iws rCIJOI wd 

that approximately 5 % of the population has an orthodontie problem of such 

significance that a comblllation of surgery and orthodontie therélpy IS requned 10 

correct the deformlty. 1 

Hullihen in 18492 can be credited with the f,rst operation to correct (l 

malrelationship of the jaws. He performed a V-shaped ostectomy ln the mal1ddJle 

to correct a malocclusion in a patient who had suffered severe scarnng trol11 facial 

burns. 

Over the past century and a ha If orthognathlG surgcry has progressed to il 

level in which most dentofacial deformities can now be corrected utlllZlny il vanety 

of surgical procedures performed via an intra-oral route. 3 These procedures usually 

include LeFort osteotomies, mandlbular ramai and body procedures. subaplcal 

osteotomies and genloplastles. 

The common factor amongst these procedures IS that they arc ail perforrned 

within the limited confines or the oral cavlty and surgical access G(ln be 

problematic. 3
,4 The hear and neck area is a highly vascular reglon. A slgndlcürH 

amount of bleeding may result trom the eut edges of bone and soft tissue. 

Orthognathic surgical procedures IIlvolve manipulation of both hard and soft 

tissues. 5
.
9 

ConSiderable bone bleedlng IS often problematlc because Intra-bony 

hemorrhage is not easlly controlled by conventional techniques. The compromise 



of the operutlve site duc to Ilmlted access compounds the issue of blood loss by 

prolonumg the tlrnc to perfiJrrn the osteotomies which ln turn prolongs the 

hemorrhagc from the bone and soft tissues 36 , 

Mclndoe statcd ln 1955 10 "50 percent of a surgeon's tlme and a great deal 

of hls nervous cnergy are devoted ta controlling bleedlilg. The rest IS coneerned 

wlth the real object of the operation". He contlnued to report that most mistakes 

ln surgery aflse trom not seelng rather than from not knowing. 

2 

Induced hypotension, dellberate hypotension, contra lied hypotension, or 

hypotenslve anesthesla are terms that describe an Intentlonal reduction of systemic 

blood pressure below the ievel normally oceurrmg dunng surglcal anesthesia. 11 

The technique was tlrst employed ln neurosurgical procedures 12, but over the pa st 

four deeades hypotenslve anesthesia has been used III orthopedie, gyneeologic, 

urologie, thoraeo-abdominal, plastic, otolaryngologic, ophthalmologic, and 

orthognathlc surgical proced ures. 590 

The ratlonale behind ItS use lies in the fact that it may reduce blood loss and 

the subsequent need for transfusion and its mherent nsks. As a direct result of the 

reduction ln blood loss and operative hemorrhage It IS cl31med to produce an 

Irnprovcd, "dry" surgle .. !1 field and, therefore, a decreased surglcal tlme. b 
90 The 

reports ln the IIterature are vanable III the Ir results and at tlmes they are 

confllctmg. 

Dues dellberate hypatensive anesthesia aetually reduee operative blood loss 

and the resultant need for transfusion III orthognathic surgery? Is there an 



-~-------------------------------, 

Improvement ln the quality of the surglcClI field and a suuspquent red uctlOIl Ifl 

operatlve time? 

3 

These questions have been addressed uy carryll1g out tl1ls study to dssess 

the effectlveness of deliberate hypotension ln reduclT1U ulood loss tlnd oper;:ltlve 

time, and in Improvmg the quallty of the opcr<Jtlve tl(~ld Ttw s!ully h,lS tWl'n !lélspd 

upon the hypothesis that hypotonslve arwsthesl<l 15 better ttwn n(Hrnot<:IlSIVl! 

anesthesia with respect ta the foregolrlg. This was Investlg<Jted via <:1 pr()'lp(lC!IV(~, 

randomized, blinded to the surgeon, cllrllcal tnal comparlllg normotcnslve verSlI:"l 

hypotensive anesthesla durino LeFort 1 osteotomies. 



LlTERATURE REVIEW 

Hypotensive Anesthesia in General Surgical Procedures 

4 

The first attempt at dellberate hypotension was in 1946 when Gardner12 

employed artoflotomy under general anesthesla to reduce blood pressure 

deliberately dUfing the excISion of a vascular rneningioma. Sixteen hundred 

mllllilters (ml) of blood were removed from the dorsalis pedis artery, reducing blood 

pressure from 140 mlillmeters of Mercury (mmHg) to 100 mmHg. Although the 

tumar was extremely vascular, little blood was lost during the procedure. It was 

observed that bleeding was easily controlled with the electrocautery; clotting was 

rapld and clots were firm. It was noted thc1t the tumor had been removed more 

satisfactonly and with less bleeding than in any other case in the surgeon's 

experience. 

Harris and Hale in 194713 reviewed their experience using arteriotomy 

induced hypotension dunng 24 fenestration operations. They concluded 

"controlled Induced hypotension has been found a very effective and safe 

procedure in the control of troublesome bleeding during the most difficult and 

important phases of the fenestration operation". 

ln 1948 Hale' 4 reported his observation after having utilized arteriotomy 

Induced hypotension for 24 cranlotomles and 26 fenestration operations. He 

G.oncluded that controlled Induced hypotension was a valuable procedure for 

controlling hemorrhage in operations such as craniotomy and fenestration. 



Griffiths and Gilles in 1948 15 utilized spinal block ta ,'educe blood pressure 

dudng thoraco-Iumbar splanchnlcectomy and sympathectomy. Observations Wl'fU 

müde on a series of 84 operations mvolvmg 44 p,ltIents. They reportcd that tl1e 

reduction in operating tlme and the complete Insignificance of élny blood loss arc 

advantages which contribute to the undoubted value of the method and the 

satisfactory results achieved. 

ln 1950 Enderby'6 reported preliminary results using drugs and posture ta 

reduce bleeding during surgery. He concluded that wlth ail adequate reduction III 

blood pressure (systolic range of 60-80 mmHg) bleeding was "considcrably" 

reduced. 

5 

Enderby and Pelmore in 1951 17 reported on their experience with 

hypotensive anesthesia during 250 operations. The type of procedures was not 

recorded. When the blood pressure was maintamed at a level of 55-80 rnmHg 

results were "entirely satlsfactory". They concluded that there IS a "considerable" 

reduction in bleeding and operations can therefore be donc more quickly and more 

easily. As ~ ... irect result of these factors more extensive surgery was dcemed 

possible at one operation where bleeding used to be the limltlng factor. Thelr 

report was observational with no supporting objective data, statlstical analysis or 

control group. 

Hughes in 1951 19 reported on the use of hypotensive anesthesia in 

conjunction with postural changes during ten cases of fenestration operations. 

Systolic blood pressure was maintained at a level of 75-80 mmHg resultlng ln 

"excellent operating conditions". 



6 

LewIs in 1 t )51 19 assessed the value of hypotensive drugs in minimizing bl"Jd 

loss dunng thoraclc surgery. In 74 cases a systolic blood pressure of 60 mmHg or 

less was maintarned and blood loss was negllgible. In six cases systolic blood 

pressure could not be reduced below 90 mmHg and oozing was much greater. He 

concluded that a reductloll ln blood pressure minimized blood loss and decreased 

the need for extenSive transfusion. This col.!ld have decreased operatlve time by 

providing a clearer field and reducing tlme taken for hemostasis. 

ln 1951 Shackieton 20 reported on his experience with controlled hypotension 

for reduction of surglcal hemorrhage. He summanzed that hypotension during 

surgery can produce "operating conditions of great attraction to the surgeon, can 

considerably reduce bleeding and therefore add to the patient's safety and post­

operative health". He made reference to 250 cases in which three quarters of the 

cases wem categorized by the surgeon as "good" with res):.'ect to reduction in 

bleedrng. No study protocol with objective data nor statistical analysis was 

presented. 

ln 1951 Bilsand 21 revlewed 63 cases of craniotomy utilizing hypotensive 

ancsthesia via artenotomy. Systolic blood pressure was maintained at a level that 

would ensure a " su fficiently bloodless and accessible field for the surgeon", with a 

minimum value of 80 mmHg. He reported that there was a reductlon of bleeding 

at the site of operation in ail cases, although to a greater extent in some cases 

than in others. He concluded "the rapid, easy, bloodless exposures, the 

Improvement in Intracranlal accessibility and reduction in surgical trauma, the 



improved facllity in manipulating and removing vascular tumors, aneurysms, etc., 

indicate that this method promises ail important advance in the management of 

intracranial operations". 

7 

Rycroft and Romanes in 195222 reported their findings during ophthalmologlc 

surgical procedures Iltilizing deliberate hypotenslve anesthesla. They revlowod 100 

of their own cases and 1000 cases handled by colleagues. They concluded 

"during extensive operations on the orblt which would normally result III 

considerable hemorrhage, it is uncanny to see no bleedlllg trom the incision; no 

sucker is necessary and no artery forceps are used when postural hypotension has 

been established. The detailed dissection of structures is easy and the defillition of 

fine detail in the orbit can be carried out with ease". 

Boyan and Brunschwig in 195223 reviewed 32 Célses of extensive operations 

for advanced pelvic and abdominal cancer. Blood pressure was dehberately 

reduced to a systollc range of 45-65 mmHg. They reported that it was the very 

distinct impression that these operations were appreclably facllitated and the blood 

loss reduced as a result of the hypotenslve anesthesia. 

Korkis ln 195324 reported on 49 cases uSlIlg hypotenslve anestheslél. 

Surgical procedures included fenestrations, rnastoldectornies, facial nerve 

explorations, ethmcldectomles, Caldwell Luc procedures, thyroldectomles, 

laryngectomy, branchial cyst and sallvary gland eXCISion. From the surgeon's 

viIJl\l\l~oint, the results ln the aurai cases were excellent III most of the cases, but 

not aIl. In major neck surgery It aided in reducing operiJtlve tlme and decreasing 



blood loss. Surgery was improv\:.d when the operation included work in "small, 

dark, deep cavltles". 

8 

Stammers in 195325 reported on his experience with hypotension during 

anesthesia for 1000 major surglcéll procedures and concluded that it diminished the 

blood loss considerably. 

Langston in 195326 reported on a group of surgical procedures performed 

with deliberate hypotensive anesthesia at a systolic blood pressure range of 55-65 

mmHg wlth a moderate foot down tilt. Surgical procedures included 

pneumonectomies, lobectomies, decortication of a lung, thoracoplasties, 

lumbodorsal sympathectomies, craniotomies, and plastic surgery. In the 

pneumonectomy group, average blood loss per case was 590 ml wh en 

hypotension was used versus 1850 ml in a control group. In the thoracoplasty 

group the average blood loss was 420 ml in the hypotensive group and 1175 ml in 

the control group. In the lobectomy series blood loss ranged from 150-1350 ml in 

the hypotenslve group and 675-3100 ml in the control group. Langston concluded 

that these results "proved beyond doubt that It IS possible to markedly reduce 

surgical hemorrhage" wlth controlled hypotension. 

Cox ln 1953 27 reported on hls expenence with hypotensive anesthesia. He 

stated that a bloodless field, re~ultlng in improved vision and exposure, led to an 

eas/ur operation and reductlon ln surgical time. He measured blood loss in a series 

of cases by placing the collected blood and blood soaked material in a known 

quantity of water and ammonia. The hemoglobin concentration of this mixture 
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was compared to the patient's hemoglobin giving an estimate of blood 1055. He 

gave examples of thyroidectomy blood loss. Wlthou~ hypotension the blood loss 

was 260 ml versus cases wlth hypotension in which blood loss was 30 ml. 

Similarly, radical mastectomy wlthout 11ypotenslon resulted ln blood loss of 690 ml 

versus 32 ml for cases wlth hypotension. Prostactomy performed wlthout 

hypotension resulted in blood loss of 550 ml versus 30 ml wh en performed with 

hypotension. Thoracotomy wlth hypotension had blood loss of 160 ml versus 

nonhypotensive surgery wlth a blood loss of 1160 ml. Pelvlc eVlsceratlon was 

accompamed with a blood loss of 1500 ml wlthout hypotenslve anesthesllJ versus 

160 cc when hypotensive anesthesia was employed. He contmued ln cornpanng 

the frequency of transfusions during and 24 hours after prostatectomy performed 

with and withc"ut hypotensive anesthesia. The incidence was one out of two 

cases and one out of six cases respectively. Although hls results were favourable, 

his report was retrospective and anecdotal with no study design and no statistical 

analysis. 

James et a/In 195328 reported on 300 neurosurgical cases. One hundred 

and fifty cases were performed under hypotensive anesthesla and the second 150 

cases were done Wltrl0ut hypotensive anesthesla. The majority of cases were 

laminectomies and craniotomies for various types of pathoses. In the hypotenslve 

group an attempt was made to maintain systolic blood pressure below 65 mmHg. 

There were no parameters indicated for the blood pressure in the normotenslve 

group. Patient position varled from either prone or "jackknlfe" or lateral, or lateral 
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wlth shoulder raise, or prone with chest and abdomen raised off the table. Minimal 

or slight bleediny was deslgnated "satisfactory" and normal or excessive bleeding 

was considered "unsatlsfactory". Laminectomy and craniotomv groups were 

compared separately. They concluded that induced hypotensive anesthesia 

reduced mortallty and transfusion and led to a slightly shorter duration of 

anesthesia. Furthcrmore, the reduction in bleeding allowed for a higher standard of 

surgery. No transfusion cnteria were given. The number of surgeons involved was 

not Indlcated, and no objective statistical data were reported. There was variability 

in patient position whlch may have affected bleeding unequally in the two groups. 

ln 1953 Anderson and McKissock29 reported on the use of hypotensive 

anesthesia to a systoi;c blood pressure of 60-70 mmHg during 52 craniotomies in 

which only two cases had a level of blood loss that required transfusion. No 

transfusion criteria were indicated. They concluded that very few of the cases 

would have been possible without some form of induced hypotension. 

Furthermore, they added that the reduction in blood pressure led ta a reduction in 

operatlve tlme, anesthetic requirements, and blood loss and reduced the risk of 

certain Intracranial complications. This was a review of cases \/Vith no objective 

statlstlcal délta. 

ln 1953 Nicholson et apo revlewed thelr expenence wlth 25 cases utilizing 

induced hypotension. The majority of the cases were neurosurgical. They 

reported that it was the Impression of the operatlng surgeons that the tendency to 

bleed and actual blood loss was less than would have been anticlpated had the 

blood pressure remamed normal. This was an observational report. 
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Stevens and Tovel! in 195431 reviewed their experience using deiiberate 

hypotension on 91 patients undergoing major orthopedie surglcal procedures. The 

procedures ineluded hip, femur, shoulder, and spme operations. They outlmcd the 

need for transfusion in thelr series of patients yet no comment was madH on 

whether there was a reduction in blood loss trom cases treated wlth normotonslve 

anesthesia. They did, however, conelude that they had been Impressed wlth the 

usefulness of hypotensive anesthesia. 

ln 1954 Kilduff32 reviewed his experience with eontrolled hypotension and 

reported "induced hypotension simplified extensive and radical surgery on the head 

and neck. Operations can be llndertaken where a bloodless field is vital for 

success. With the use of hypotensive drugs blood loss at operation is either 

negligible or greatly reduced. The need for blood transfusion with Its attendant 

hazards is abolished, and the posslbillty of excessive transfusion IS avoided". 

At the same time in 1954 Scurr and Wyman33 presented a more equivocal 

report. They reviewed 250 cases of various surgical procedures utilizing 

hypotensive anes!hesia of varying degrees. They reported that by combinlng 

appropriate pC'sture with controlled hypotension, "satlsfactory" control of 

hemorrhage could be attained m a very hlgh proportion of cases. They did 

emphasize, however, that the ischemla of the operative field was not always 

commensurate with the hypotension. Some patients wlth a systolie pressure of 80 

mmHg presented a completely dry field whereas in other cases there was oozing 

des pite a systolic blood pressure level of 40 mmHg. 



ln 1954 Mandow et af4 reviewed 442 surgical cases performed using 

induced hypotension. There were no actual blood loss measurements, yet their 

impression was that bleeding was satlsfactorily controlled in 428 cases. They 

concluded that blood loss was reduced to the extent that replacement by 

transfusion was hardly ever needed, operative time was reduced, and certain 

technically difflcult procedures were made easier with controlled hypotension. 
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ln 1955 Stlrling35 utillzed hypotenslve anesthesla during 20 fenestration 

procedures. He reported "the technique produces the bloodless field which is not 

merely a help ln the technical performance of the operation, but is essential to its 

ultlmate success". 

ln 1955 Safar36 presented a prospective report in which he compared 20 

radical mastectomies performed with hypotensive anesthesia and 20 radical 

mastectomies performed without hypotensive anesthesia. The surgeon and 

anesthetlst were the same for ail cases. He observed that It was easier to clamp 

bleedlng points ln the hypotenslve group. Furthermore, less clamps were used, 

average surglcal time was 26 minutes shorter, average reduction ln blood loss was 

462 cc. There were, however, transfusions in ail but one hypotensive case. 

Additlonally he revlewed ten thoracic procedures wlth ten controls. The contrais 

dld not compare closely with the treated group. It was observed that reduction in 

blood loss was "considerable", dissection was facllitated by the hypotension, and 

there was a decrease in oozing. Safar concluded that standard operations which 

could safely be performed under normal anesthetlc conditions without excessive 
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hemorrhage were no indication for the selection of deliberate hypotension. He 

continued by stating that although the measured blood loss was reduced It was 
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not to a degree that eliminated transfusion. It W(lS hls Impression that the m~1I1 

advantage of improved surgical field quailty was not Justification ln Itself lor use of 

deliberate hypotension. Rather, the technique should be uscd III those cases whlch 

would normally be inoperable or ln those cases where large transfusions would 

lead to uncontrollable oozing. 

ln 1956 Mazzia et aP7 reviewed 295 craniotomles performed for variable 

pathoses under hypotensive anesthesia. These VJere compared to 201 

craniotomies done without hypotensive anesthesia. Most of tl1e procedures were 

performed by the same surgeon. A varying number of cases utllized reverse 

Trendelenberg of 15-25 degrees. They compared simllar procedures. Operatlve 

time was found not to be significantly different. Furthermore, blood replacement \1\ 

the series with hypotensive anesthesia was in general 500 cc less than the control. 

However, an equal percentage of patients in both series requlred 2000 cc or more 

of whole blood, demonstrating that induced hypotension was no guarantûe against 

an occasional instance of major blood loss. 

ln 1956 Royster and Ditzler38 reviewed 34 patients who undorwent radical 

head and neck operations utilizmg controlled hypotension to a systollc blood 

pressure range of 40-90 mmHg. This group was compared to 26 patients wlth 

similar types of operations performed with no hypotensive anesthesla. No blood 

pressure parameters were outlined in this group. Ali patients had a diagnosis of 
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"sorne forrn of cancer". Pre-operative radiotherapy status was not reported. For 

comparison, patients were dlvided into three groups, "simple" radical neck 

dissection, radical neck dissection and insertion of radium needles, and extensive 

and vaned head and neck operations. This last group was subdivlded according to 

the extent of surgery. The procedures varied tram jaw-tongue-neck dissection, to 

ear-neck-parotid dissection, to maxillary resectlon, to upper neck-mandible 

dissection. 8100d loss was measured by volumetric and gravimetric techniques. 

The authors concluded that hypotensive anesthesia provlded a "definite 

retardatlon" in bleeding at operation and that dissection was greatly facilitated by 

the nearly "dry" field. There was no reduction in operative time. This was a 

retrospective case review. Trends were identlfled, but because surgical procedures 

were not exactly the same, useful statistical data could not be obtained. 

Holmes in 195639 reported on a four-year review of 407 orthopaedic 

operations wlth the use of hypotensive anesthesia. In mast cases the systalic 

pressure fell to between 50-65 mmHg, "while diastolic pressure was often difficult 

to assess accurately". Surgical procedures were performed on the hip, femur, 

shoulder, humcrus and spme. Three hundred and seve nt y cases reqUired no blood 

replacement. T~"e remaining 37 cases required blaod transfusions between 500-

5000 ml. ThiS need for transfusion was explained on the basis of either (il low 

pre-operatlve hemoglobin, (ii) mcreased blood loss due ta inadequate reductlon in 

blood pressure or Inadequate elevatlon of the surglcal Site, (iiil prophylactlc in 

extensive operations, or (iv) reactionary hemorrhage. No criteria for transfusion 
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were outlined. He also cOrT''1ared 262 cases with induced hypotension to 336 

similar procedures by a dlfferent surgeon. He found the range of blood tr~nsfuslon 

to be 27-180 ml ln the hypotenslve group verS'JS 743-2650 ml ln the normotenslve 

group. It was concluded that induced hypotension can ettect a considerable 

saving of blood. Surgeons generally agreed that operatmg conditions were 

improved and the duratlon of operation shortened. There was no prospective 

study outllne establlshed. The author reported on hls expenence wlth hypotcnslvc 

anesthesia and used another surgeon's data as control. 

Ditzler and Eckenhoff ln 195640 retrospectlvely reviewed 90 surglcul 

procedures with various methods of anesthesla and a vanety of hypotenslve 

techniques producing asystolie blood pressure of 60-80 mmHg. Incillded in thls 

group were 29 patients who underwent radical neek dissections. These patients 

were compared to 20 patients undergolng simJlar sllrglcal proeedurGs wlth 

"standard anesthetic techniques". No mention was made of the avürage pressure 

in the control group. Also included in their revlew were 28 patients undcrgoing 

radical dissection within the pelvis. Seventeen of the patients wcre subJected ta 

deliberate hypotensive techniques whereas 11 were treated wlth "standard" 

anesthetic methods. They found that hypotenslve techniques reduced the amount 

of blood loss as measured by volumetrie and gravlmetnc techniques. However, 

there were no statlstical analyses used. The reduetlon III blood loss was 35 % 

whlch represented 1 unit per patient of blood saved in radical neck dissection and 

2 units per patient in radical pelvlc dissection. However, it was still necessary to 
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transfuse 2 unlts per patient in the radical neck dissection group and 4 units per 

patient in the radical pelvïc dissection group. No transfusion criterÏ3 lJIJere outlined. 

Therefore, although blood loss was reduced, the risk of transfusion was not 

eliminated. They also commented that deliberate hypotension did not guarantee a 

reduction m blood loss. "~Iome surgeons have commented that occasionally 

patients demonstrate more oozmg at the lower blood pressure than at a hlgher 

pressure". Operatlve tlme was not reduced by dellberate hypotension. In fact, on 

the average It was hlgher. This was explained m two OppO'llng ways: (1) blood 

loss dld not hamper dissection, or (iï) the drier fi 31d permltted more extensive, 

complete dissection, better teaching, and reduced pressure on the surgeon to 

operate rapldly. 

ln 1957 COX
41 reported on his experience with induced hypotension during 

prostatectomy. He stated "when the rate of bleeding is reduced, It is very much 

easier ta see the pOints that are bleeding and therefore their control is more easlly 

and rapldly accomplished". He continued by saying "for myself, the use of 

hypotenslve anesthesla and an Irngating catheter have much reduced the anxieties 

which 1 have about my patients bleeding after pt ostatectomy". 

ln a critique of Cox's report, Jacobs in hls communication to the British 

Journal of Urology in 195742 stated that he frequently performed retropubic 

prostatectomy "without uSlng a single gauze swab after the abdominal wall 

~'ï.'C\SIOn has been made". He argued that in thls procedure bleedmg of a degree 

sufficlent to warrant hypotensive anesthesia should rarely be reqUired. 
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Conversely, Walters 43 in the same journal reported "1 have been surpnsed 

that so few of my surgical friends use hypotension for prostatectomy. i Cllll assure 

them that it makes ail forms of prostatectomy more simple owmg to the accuracy 

with which the operatlv8 procedure can be carnee out and hemostasls cffected". 

Shepperd 44 supported Cox ln his letter to the British Journal of Urology. He 

reported improved hemostasis and blood loss reductlon in using hypotenslve 

anesthesia during approximately 1000 retropubic prostatectomies and endoscoplc 

resections. 

Scott in 195845 reviewed hls experience with deliberate hypotension via hl91l 

spinal analgesia. Comments were based on 107 radical hysterectomles performod 

with this technique at a usual systolic blood pressure of 60-65 mmHg. The author 

concluded "the most striking feature is the bloodlessness of the operatlve field". 

Visualization was also improved. This was an anecdotal report of the author' s 

experience. No study data were presented. 

ln 1958 Tomskey et ara reviewed SIX cases of unilateral nephrolithotorny 

utilizing controlled hypotension at asystolie blood pre3sure range of 60-80 rnrnHu 

They argued that patients requiring nephrollthotomy and who have héld prevlous 

operations otten have slgnlflcant flbrosls and scarrlllg whlch Icads to dlfflcult 

surglcal exposure and hemorrhage control Thelr case rcvlew Icd thern to conclude 

that the bloodless field provlded by thls procedure facllitatcd the operation and 

mlllimized blood loss. The use of the technique was justlfleu because It facllitated 

the surgery, reduced blood 1055 and decreased transfUSions. No transfUSion crltcrlé.l 



were reported. It is important to note that although the blood replacement was 

"considerably less than is ordinarily required when tourniquets and clamps are 

used", each patient did require a minImum of 1 unIt of blood replacement. This 

was a case revlew report with no prospective outline or control group 
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ln 1959 Bodman47 reviewed 100 cases of prostatectomy. Surgery was 

performed in 48 patients wlth deliberate hypotensive anesthesia to a systolic blood 

pressure below 100 mmHg. The systolic pressure "usually" fell to between 60-75 

mmHg. A control group consisted of another 52 patients, two of which were 

failed hypotensive patients in which systolic blood pressure could not be reduced 

belJw 100 mmHg. The anesthetic agents and techniques used were the same in 

both groups. A head down tilt of 10 degrees was used in ail cases. The same 

anesthetist was involved in aH cases. The number of surgeons involved was not 

documented. The type of pathosis was not identified. Variation in disease may 

contnbute to a difference in hemorrhage. Slood loss was measured by the amount 

aspirated into the suction bottle. The use of swabs was discouraged and care was 

taken not to aspirate water withm the wound. The average blood loss in the 

control group was 346 ml compared to 94 ml in the hypotensive group. This was 

consldered highly significant (p < 0.0001). Transfusions were given when blood 

in the suction bottle was 280 ml or more. Thirty patients in the control group 

reqUired transfusion. No patIents in the hypotensive group required transfusion. 

fhe author concluded that a reduction ln blood pressure reduced the blood lost 

dunng prostatectomy and therefore assisted the surgeon by improving the quality 
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of the surgical field. There was no measure of qua lit y of the operative field 

employed in this report. The ability to suction blood selectively and not irrigation 

fluid along with the omission of blood in the sponges, although constant from 

patient to patient, is likely filled with error. 

Gusterson in 195948 described his experience with halothant; for 

prostatectomy. He stated that the fall in blood pressure achieved when using 

halothane enabled blood loss at operation to be controlled. Thirty-five patients 

undergoing Mi!lin's retropubic operation were evaluated. Fifteen patients had 

hypotensive anesthesia in which systolic blood pressure averaged 90-100 mmHg 

with a lower limit of 80 mmHg. There were ten patients in a nonhypotensive 

group but no blood pressure parameters were identified. There was no standard 

random selection system used. Ali patients were in a 10 degree Trendelenberg 

position. Ali patients were given a slow blood drip during surgery. There was 

more than one surgeon and more than one anesthetist involved ln the treatment of 

these patients. The authors documented a reduction in blood loss with 

hypotensive anesthesia although no statistical analysis was presented. Reference 

was also made to improved operating conditions. Blood loss was measured by 

cùmparing hemoglobin content in sponges and bottles to the patient's pre­

operative hemoglobin level. This study lacked randomization and surgeons were 

not blinded to anesthetic technique. Improved operative conditions were merely 

observational, not measured. 
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Murtagh in 196049 described his experience with induced hypotension 

employed on 55 patients. Thirty of these patients underwent various thoracic 

surglcal procedures at an average systolic blood pressure of 71 mmHg. Twenty 

five patients underwent radical mastoid surgery or tympanoplasty at an average 

systolic blood pressure of 6::'t mmHg. It was observed that bleeding from cut 

surfaces was markedly reduced and as a consequence the dissections in both 

groups were technically much easier to perform. There was no statistical data 

analysis of blood loss or quality of surgical field in this retraspective case review. 

ln 1960 Moersh et aro reviewed 326 cases of mastectomy. One hundred 

and ninety-seven cases were performed with deliberate hypotensive anesthesia. 

Systolic blood pressure averaged 80 mmHg. These cases were compared to the 

remaining 129 cases in which no hypotension was employed. Forty-eight patients 

had simple mastectomy with axillary node dissection. Two hundred and seventy 

eight patients had radical mastectomy. The results revealed no significant 

reduction in blood loss as measured by hemoglobin concentration. They did find, 

however, a reduction in the need for transfusion fram 31 % in the normotensive 

group versus 7% in the hypotensive group. No transfusion criteria were outlined. 

The authors concluded "induced hypotension reduces loss of blood to such a 

degree that transfusions are seldom necessary, which in itself is a cogent argument 

for the use of hypotensive anesthesia". They continued to state that increased 

visibility, resultant ease of surgical procedures, reduction in blood loss and need for 

transfusion constituted the major advantages of the technique. This was a 
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retraspective study with no statistical analysis. Surgical techniques vaned which 

altered blood loss measurements. The systolic blood pressure range in the 

hypotensive group fram 54-105 mmHg placed some patients mto a normotcnSlve 

category. There was no absolute measure of actual blood loss. 

ln 1960 Bruce et af'l reported their experience on retrapubic prostatectomy. 

Ninety-two patients were involved in the study. The use of hypotensive versus 

normotensive anesthesia was determined by the desires of the surgeons. Many 

surgeons and anesthetists were involved. The anesthetic technique was 

standardized. The hypotensive group (31 patients) had systolic blood pressure 

maintained at about 60 mmHg. No parameters were listed far narmotension (61 

patients). Head down tilt was set at 10-15 degrees. The patients ln the 

normotensive group lost about three times as much blood as those in the 

hypotensive group. There were no transfusions in the hypotenslve group. Thirty­

three percent of the normotensive patients required transfusion. T he indication for 

transfusion was a 1055 of three quarters of a pi nt or more depending on the rate of 

loss and the patient's clinical condition. In arder ta eliminate surgeon variability, 

16 cases of a single surgeon were reviewed. Ten patients underwent surgery wÎth 

hypotensive anesthesla and SIX patients were operated on wlth normotenslve 

anesthesia. The ove rail blood loss differences did not vary fram the initiai group of 

patients reviewed. The authors concluded that controlled hypotenSion 

"considerably" reduced blood loss during retropubic prostatectomy. Furthermore, 

surgical conditions were Improved and hemostasis was facllitatcd. Transfusion 

was "virtually" eliminated. 
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Riches in his letter ta the British Journal of Urology in 196052 supported 

Bruce's conclusions. He stated "it is better that a low blood pressure should be 

produced and controlled by the anesthetist than that it should be due to excessive 

loss of blood which must be replaced by transfusion". 

Jacobs ln 196053 maintained that blood loss during retropubic prostatectomy 

is "not generally a senous problem". He did, however, aCknowledge Bruce's 

results and stated that hypotensive anesthesia would seem "worthy of an 

extensive trial". 

Holloway et al in 1961 54 reviewed 19 cases of microsurgery of the middle 

ear. The "wound ischemia" was rated as good: virtually bloodless, fair: 

sufficiently bloodless to make uninterrupted microsurgery possible, and poor: 

bleeding sufficient to impede microsurgery, even if only periodically. Two cases 

were resistant to hypotensive techniques. Systolic blood pressure was maintained 

at 90-95 mmHg. The surgical field was "poor". Seventeen cases were initially 

resistant to hypotensive techniques. The operative site was rated "poor". When 

blood pressure was reduced, 16 sites bacame "good" and one became "fair". 

ln 1961 Linacre55 reviewed 1000 gynaecological surgery cases performed 

with deliberate hYP0tenslon. The surgical field was categorized as "dry" when the 

operative site was not obscured by a continuous ooze and pooling did not occur, 

"fair" when an rnitlally dry field deteriorated and when further measures were 

necessary to improve operatmg conditions, or "wet" when the field was apparently 

unaffected and suctior. often necessary. Results indicated 88% dry, 10.5% fair 

and 1.5% wet. 
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ln 1962 Hayward-Butt and KOS 56 reported their experience usmg induced 

hypotensive anesthesia dunng endaural surgery. Flfteen patients were selected at 

random and compared to a 1 etrospective control group who had similar surgical 

procedures performed under local analgesia without hypotension. Patient position 

was standardized. Hypotension was induced in these 15 patients when the 

operative field called for a "dry bed". Hypotensive anesthesla WDS augmented with 

2% lidocaine with epinephrine in a concentration of 1 ln 200,000. The criterion of 

success of the method was the state of bloodlessness of the surglcal site. The 

following scale was used: grade 0, completely dry field, grade 1, sllgtlt oozmg 

requiring mopping or suction every three minutes or so, grade 2, some oozing 

requiring attention each minute or so, grade 3, oozing sufficlent to hinder surglcal 

manoeuvers. A fter outlining this elaborate scheme, the authors did not use it in 

their report of results. Rather, they stated that 12 of the 15 patients had "dry 

fields" requiring virtually no suction. Three patients had oozing similar to what 

existed in local anesthesia cases. The systolic blood pressure was not 

prospectively set at a specific level but rather retrospectlvely observed to be 

between 60-90 mmHg, a value reqUired to produce optimal conditions 1/1 each 

case. The surgeons were not bllnded ta anesthetlc technique and there was no 

indication if the scale was standardized bmween observers or wlthm each 

observer. 

ln 1963, Chamberlin57 reviewed his expenence wlth hypotenslve anesthesJa 

and reported on a comparison of two groups of patients undergoing a wlde vaflety 



24 

of ablative head and neck surgical procedures. Thirty-seven patients had induced 

hypotension to a level required to "dry" the surgical field without producing any 

electroencephalographic changes. This resulted in a systolic blood pressure range 

of 35-65 mmHg. Thlrty-two patients had undergone similar surgical procedures 

two years before with normotensive anesthesia. Operative time was reduced by 

65% and blood loss was decreased by 46%. 

ln 1964 Baker58 reported on 665 cases of prostatectomy with varied 

pathoses performed under controlled hypotension, He observed that bleeding was 

minimal and post-operative transfusions were needed in only eight cases. He 

stated, "we are greatly indebted to our anesthetists for their method of producing 

hypotension and for giving us an operative field which really allows us to see what 

we am doing". 

Boreham in 196459 reported on his experience with 150 cases of retropublc 

prostatectomy performed with hypotensive anesthesia. During these procedures 

the aim was to achieve asystolie blood pressure of 70 mmHg. He observed blood 

loss measurem~nts rangmg from one to ten ounces with a usual range of one to 

three ounces. He reported that the blood loss seemed to vary Irrespective of the 

blood pressure during or before the operation. Sorne patients with an operative 

systollc blood pressure of 90 mmHg bled very little, whereas sorne patients with a 

systollc pH~ssure of 50 mmHg bled more than was "convenlent". Seven of 150 

patients requlred transfusions. This was compared to a transfusion rate of 50% on 

cases that were performed before hypotension was in use. Boreham concluded 



that deliberate hypotension was a technique that "enormously" reduced the 

amount of bleeding during the operation which made it easier, safer and more 

accurate. This report was observatlonal. No statistlcal data were presented. 

ln 1964 Siade et afo reviewed blood loss in prostatlc surgery. Patients 

underwent retropubic or transurethral prostatectorny. Anesthesia was elther 

general with hypotension, general without hypotension, or reglol1<J1 (c<.lud<Jl, 

25 

e~ 'rjural, spinal). The systolic blood pressure for the hypotensive group was 

approximately 60 mmHg versus 75-85 mmHg for the epidural group and 80-100 

mmHg for the spinal group. No range was reported for the normotensive 

anesthesia group. Blood loss was lowest in the hypotensive group and hlghest in 

the normotensive group, with the regional block group in an intermediate range 

between the two. No statistical analysis was used to identify the significance in 

the reduction of blood loss. The need for transfusion was qUlte variable. In the 

transurethral prostatectomy group 17% of normotensive patients reqUired 

transfusion versus 14% for hypotensive patients. The patients who had a spinal 

block had a transfusion incidence of 30% versus 10% for the epldural group. The 

authors explam the variabllity on the basis of anesthetlst preference for 

transfusion. In the group undergolng retropubic prostatectomy 47% of the 

normotensive patients reqUired transfusion versus 14% in the hypotcnslve group. 

The regional block group was ln an intermediate position. It IS dlfflcult to welgh 

the significance of these results without statistical analysls. The IndlC<ltlons for 

transfusion were blood loss exceeding 400 cc. There was no outline of specifie 
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protocol in thls report. Although the authors concluded that a moderate 

hypotenslve technique was valuable in reducing blood loss and improving the 

quality of the surgical field, thelr results were melely trends, as statistical analysis 

was not performed. 

ln 1966 Eckenhoff and Rich61 reported on 231 cases, 115 completed with 

hypotensive anesthesia. Four surgical procedures were performed and these were 

compared to slmllar surgical procedures with no hypotensive flnesthesia. The 

procedures included rhinoplasty, portocaval shunt, craniotomy for aneurysm, and 

craniotomy for suspected tumor. There was an "appreciable saving in blood loss" 

with a decrease in operative tlme, although not an "impressive" reduction. The 

authors repo:-ted "a relatively bloodless operative field at the proper time is 

spectacular". Fort y four patients underwent rhinoplasty with controlled 

hypotension with a systolic blood pressure ranging from 50-80 mmHg. The 

normotenslve parameters were not reported. Furthermore, only the hypotensive 

group had head elevation at 20 degrees. There was a 25% reduction in blood loss 

and operatlve time in the hypotensive group versus the normotensive group. 

F(l~I~l~en patients had portocaval shunt insertion with hypotensive anesthesia. 

Tt ,'!) HrouP was compared to 25 previous patients who had undergone similar 

surgical procedures under normotensive anesthesia. Three of the 14 patients in 

the hypotenslve group required an emergency operation because of uncontrollable 

bleedmg. Tweive of 25 patients in the normotensive group also required an 

emergency operation. Systolic blood pressure in the hypotensive group ranged 
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trom 48-80 mmHg. There were no parameters reported for normotensive 

pressures. It is important to recognlze that the uncontrollable bleeding in the 

normotensive group may have rendered these patients hypotenslve albelt not 

controlled, induced, or deliberate. There was a 42 % reductlon in the amount of 

blood replacement in the induced hypotensive group, yet ail patients reqUired 

transfusion. There were no transfusion criteria reported. Operatlve time was not 

altered by hypotensive anesthesia, yet 12 surgeons were involved in these 

operations. Thirty-six patients had craniotomy for suspected tumor ut:lizing 

hypotensive anesthesia with a systolic blood pressure range of 40-104 mmHg. 

The data were compared with 37 patients whose procedures were performed 

without hypotensive anesthesia. The average amount of blood required for 

replacement was 60% less in the hypotenslve group than the control group. No 

transfusion criteria were reported. There was a slight decrease ln operative tlme 

yet more than one surgeon was involved in the procedures. 

ln 1965 Smith et af32 reviewed 182 patients who had undergone standard 

radical mastectomy that included removal of breast and pectoral musculature along 

with axillary dissection. This group was cùmpared to 32 patients who had the 

same operation with no hypotension. Ali of the operations were performed by the 

same surgeon. Hypotension was set at a systolic blood pressure necessary ta 

produce a dry surgical field wlth a range of 65-110 mmHg. No pmameters were 

reported for the normotensive group. The average surglcal tlme was 93 mmutes 

for the hypotensive group and 90 minutes for the nonhypotenslve group There 
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were transfusions in nine of 32 normotensive patients ar.d 12 of 182 patients 

treated with hypotensiun. No transfusion criteria were reported. Together with a 

previous report, they reviewed a total of 379 cases over a ten-year period and 

concluded that the major advantage of this technique was the facilitation of the 

operation, although apparently there was concomitant conservation of blood. The 

duration of surgery was unaffected. This was also a retrospective review with no 

statistical analysis. 

Sleath and Archer in 196763 restrospectively reviewed the charts of 140 

patients who underwent laminectomy or spinal fusion or a combined procedure of 

laminectomy and spinal fusion. Ali patients were positioned prone with cylindrical 

bolster support. Patients were divided into two groups according to their operative 

blood pressure drop from pre-operative baseline. Those patients who had a 

reduction ln systolic blood pressure greater than 30 mmHg were categorized as 

hypotenslve. Those patients whose reduction in blood pressure was 0 to 29 

mmHg were categorized as non-hypotensive. The authors found that the 71 

patients whose blood pressure was reduced 30 mmHg or greater had significantly 

less bleeding than those in the second group. 

ln 1969 Donald64 reported on 122 females that underwent amputation of the 

cerVIX, anterior colporrhaphy and posterior colpoperineorrhaphy with various 

methods of anesthesia with and without controlled hypotension. The surgery was 

performed by a group of gynaecologists amongst whom a common policy of radical 

repair was practlsed. Ali patients were placed in the lithotomy position with a 5 
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degree head down tilt. Hypotension was defined as a stable systolic blood 

pressure ranging from 60-80 mmHg as measured by an upper arm cuff. Patients 

were categorized into groups by chart revlew. When hypotension was mduced 

with each basic anesthetic technique, blood loss as measured by gravlmetric 

techniques was significantly reduced by approximately 50% (p < 0.0011. 

ln 1970 Taylor et af35 descnbed their expenence uSlng sodium nitroprusslde 

as a hypotensive agent during head and neck and neurosurglcal procedures. They 

reported that the operative field was "dry" and acceptable to the surgeons usmg 

the operating scope. 

ln 1971 Deacock66 commented on 5000 middle ear operations over a ten­

year span along with 600 personal cases. He reported "controlled hypotenslorl 

greatly reduces bleeding, and is the only consistently rellable way of doing so". He 

made reference to 53 of his cases in which bleeding was "excessive" and 

subsequent induced hypotension produced a "dramatic improvement". 

At the 40th Annual Meeting of the American Academy of Orthopedie 

Surgeons in 1973 Jennings et af7 reported on a senes of 50 patients who had 

total hip replacements wlth controlled hypotension to a level of 65-75 mmHg. ft 

was not noted whether this was the average systollc pressure or the average mean 

arterial pressure. Twenty-five of these patients had had prevlous surgery. The 

average blood loss required 890 ml of packed cells and 840 ml of albumln as 

replacement for the patients who had had prevlous surgery, and 570 ml of packed 

cells along with 580 ml of albumin for the patients who had no previous 
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operations. The control group had an average total blood replacement of 2965 ml 

for those who had had prevlous surgery and 2250 ml for those with no previous 

surgery. There was no information regardlng patient position, number of surgeons 

involved, hlp pathosls, normotensive blood pressure, crltena for transfusion, 

rôndomizatlon, or prospectlvlty. 

ln 1973 Mallory68 reported his "favorable" experience with deliberate 

hypotension. Fort y patients undergoing total hip replacement had controlled 

hypotension. These patients were compared to a similar surglcal group treated 

with normotensive anesthesla. Operative time was reduced by 25% because of 

improved hemostasis. Wh en categorizing patients into groups having had previous 

surgery versus tirst time surgery and companng them to similar contrais, there was 

a reductlon in blood loss in the hypotensive group by 40-55 %. There was a 50% 

reduction in post-operative blood transfusions. No transfusion criteria were 

presented. Mallory concluded that controlled hypotensive anesthesia Ir. patients 

undergoing total hip replacement appeared to be an effective means of reducing 

morbldlty ln thls major surgical procedure wlth no change in nsk to patients. This 

was a letter to the edltor summarlzlng the author's expenence. There was no 

study protocol outllned. 

DavIs et af39 ln 1974 prospectlvely reviewed 253 cases of total hip 

replacement, the first 50 being performed by the same surgeon and anesthetist 

under hypotenslve anesthesla. Systolic blood pressure was maintamed between 

60-75 mmHg. These cases were compared to 62 simllar preceding cases also 
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performed by the same team without hypotenslve anesthesla. The systolic blood 

pressure range was not reported. A variable number of patients had héld prevlous 

hip surgery and not ail patients reqUlred troctlanter osteotomy. Slood los5 W<1S 

measured by volumetnc and gravlmetnc methods. Thore W(]s an over<lll reductlon 

in blood replacement of 40-50% when hypotenslve anesthetlc was employed. 

although ail patients recelved an average of two to Huee unlts of blood Blood 

volume was carefully malntalned by matchlng the measured loss wlth packed red 

cells as weil as albumin in saline. Patients who had had prcvlous surgcry wcrc 

compared separately. The value of these results IS questlonable. Some p.ltlents 

had osteotomies and some did not. ThiS can cùntribute to dlfferences ln blood 

loss. Surgeons were not blinded to the anesthetlc technique and no objective 

scheme was used to assess the quallty of the surglcal field. 

ln 1974 McNell1 70 reported on a retrospectlve study companng 22 patlonts 

using normotensive anesthesla and 44 patients utlllzlng controlled hypotension 

during spine fusion. The use of hypotenslve anesthesla was found to reduce the 

need for blood replacement and total blood loss by an average of 40%. and to 

decrease average surglcal tlme by more than 30 minutes. There wcre many 

surgeons Involved ln the ueatment of these cases. 

Amaranath et a/In 1975 71 reported the results of a prospective study 

assessing the effect of anesthesla dUring total hlp replacement. Forty-seven 

patients had their blood pressure deliberately lowered 20-30% from pre-operatlve 

baselir.e levels. This 1 esulted ln a "markedly dlminlshed blood loss" when 
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compared to the usual amount of blood loss for the procedure. Eleven patients 

had bilateral hip replacement and induced hypotension was employed for one side 

only. The second side was used as a control. Results revealed a significant 

reduction (p < 0.05) in blood loss, blood transfusion, and operative time for the 

side treated with hypotensive anesthesia. In cases treated with hypotensive 

anesthesla the authors mentioned that the dry surgical field was "mLJch 

appreciated by surgical colleagues". 

Lawson et al in 197672 reported on induced hypotension in patients 

undergoing total hip replacements. Thirteen patients were treated with controlled 

hypotension ta a level required to dry the surgical site. The mean arterial pressure 

was 64 ± 4 mmHg, a 4~% reduction tram resting blood pressure. Five patients 

were treated with normotensive anesthesia. The mean arterial pressure in the 

normotensive group was 98 mmHg. Slood loss was measured by volumetric and 

gravimetric techniques. There was no indication as ta how many surgeons 

performed the operations. Ali patients were su pi ne with slight hip elevation. The 

surgeons were not blmded to the anesthetic technique. There was no significant 

difference in operative time. The average blood loss in the hypotensive group 

ranged from 460 to 600 ml varymg with tirst or second operations. The average 

blood loss ln the normotenslve group was 1475 ± 200 ml. There was a total of 

14 unlts of transfused blood ln the flve normotensive patients. Transfusion was 

Instituted when blood loss approached 500 ml. There were no transfusions in the 

hypotenslve group. Despite the fact that ail of the hypotensive patients were 

Jehovah's Witnesses, no transfusions were physiologically indicated. 
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ln 1977 Kerr 73 reviewed his experience with induced hypotension in 700 

cases of middle ear surgery utilizing an operative microscope. Procedures included 

stapedectomy, myringoplasty, mastoidectomy, tympanoplasty, destruction of 

labyrinth and teflon shunt insertion, explorJLÎon, and middle em reconstruction. 

Systolic blood pressure ranged from below 30 to above 70 mmHg. No absolute 

limits were reported. Head tilt was established at 10 degrees. Seve nt y seven 

percent of 280 male patients had satisfactory hemostasis. Eighty-elght percent of 

420 female patients had satisfactory hemostasis. Whether more than one surgeon 

was involved was not identified. There were no controls in this report. Definitions 

of satisfactory and unsatisfactory were not established. 

ln 1978 Thompson et aF4 reported the results of a randomized study 

assessing blood loss and operative time in patients undergoing total hip 

arthroplasty. Thlrty patients were involved in the study and randnmly placed into 

one of three groups. The flrst group was a normotensive group with mean arterial 

blood pressure maintained within 20% of pre-operative levels. The second and 

third groups had surgical procedures performed under hypotensive anesthesia with 

halothane and nitroprusside respectively. Mean arterial pressure was mamtained at 

50 mmHg in both of the last two groups. Ali surgical procedures were performed 

by one surgeon with the patient in a lateral position. Blood pressure was measured 

in the normotensive group via oscillometry and via arterial Ilne in the hypotensive 

groups. Blood loss was assessed by volumetrie and gravlmetric techniques. Mean 

operating time was significantly (p < 0.05) reduced by hypotension with no 
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difference between the two hypotensive groups. Blood loss was significantly less 

in the hypotensive groups versus the normotensive group (p < 0.05). The mean 

total amounts of blood transfused during hospitalization were: normotensive, 133 

± 200 ml, halothane hypotension, 500 ± 120 ml, and nitroprusside hypotension, 

230 ± 80 ml. Ten of the 21 hypotenslve patients did not need transfusion. No 

transfusion criteria were described. This controlled study was not blinded to the 

surgeon. Blood pressure was measured differently in hypotensive and 

normotensive groups. 

ln 1978 Hoshang et aP5 described their experience with sodium 

nitroprusside induced hypotension. Ten patients underwent lumbar laminectomy 

for removal of herniated disc and spinal fusion with autogenous iliac bone grafts. 

Three of these patients had previous surgery. Six patients had three level fusion 

and four patients had two level fusion. Ali patients were in a prone, bolster 

supported position. None of the patients required transfusion. Estimated blood 

loss did not exceed 200 ml. There was 110 control group in this study. The 

authors made reference to the fact that patients undergoing lumbar laminectomy 

and spinal fusion without hypotensive anesthesia usually required 2000 ml of 

blood in the perioperative period. There was no description of blood loss 

measurement techniques. The number of surgeons was not indicated. This was a 

technique report with mere reference to blood loss and transfusion requirements. 

ln 1979 Vazeery 76 reviewed 50 patients undergoing hip surgery. Twenty­

five patients were treated wlth hypotensive aneshtesia and 25 patients were 
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treated with normotensive anesthesia. The same surgical procedure was 

performed on ail of the patients. Intra-operatlve blood 1055 for the hypotenslve 

group was 212 ml versus 1038 ml for the normotenslve group. This \l\'élS 

significantly different (p < 0.001). Post-operatlve blood loss was similar in bath 

groups, but the overall blood loss remained significantly different. There werc no 

intra-operative transfusions in the hypotensive group and the overall average 

amount of transfusions during the period of hospitalizatlon was 1.6 units ln the 

hypotensive group and 3.3 units in the normotensive group. Surgical time was 

reduced in the hypotensive group to a mean of 94 minutes from a normotensive 

mean of 110 minutes. This was significant (p < 0.05). 

ln 1980 Stirt et aP7 retrospectively reviewed 57 patients undergoing radical 

thoraco-abdominal dissection of retroperitoneallymph nodes. Ali patients were 

male with diagnoses of testicular carcinoma of various stages. The same surgeon 

prrformed the same surglcal procedures on ail of the patients utilizing the same 

group of anesthetists. Patient position was standardized wlth a modlfled flank -

10 degree Trendelenberg. Blood loss was meélsured in the suctlon bottles and by 

visual Inspection and estimation of sponges, drapes and tape. Allowance was 

made for irrigation fluid. Slood transfusion was Implemented when blood loss 

exceeded 20% of estimated blood volume. There was no significant dlfference in 

age, weight, stage of disease, pre-operative mean artenal pressure, or hematocnt 

between the normotensive and hypotensive groups. Mean arteriai pressure in the 

hypotensive group was 68 mmHg versus approximatdy 100 mmHg for the 
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normotensive group. There was a significant reduction in blood loss, 920 ± 72 ml 

for the hypotensive group versus 1341 ± 98 ml for the normotensive group. 

Twelve percent of the hypotensive group received intra-operative transfusion 

versus 38% in the normotensive group. The hypo~onsive group received an 

average of 0.48 units per patient versus 1.44 units per patient in the normotensive 

group. There was no significant difference in operative time. Ali variables in this 

report were weil accounted for. However, the study was retrospective and the 

visual estimation of blood in sponge:l must be considered inaccurate even though 

the same for ail patients. 

ln 1982 Quist et apa reported on a prospective, randomized, clinical trial 

involving 32 patients undergoing total hip replacement performed by six surgeons. 

One group underwent controlled hypotension and the second group was used as a 

control. Their results revealed twice as much blood loss in the normotensive group 

(p < 0.01), and three times the amount of blood replaced in the normotensive 

group (p < 0.001). There was no significant difference in operative time. 

Grundy et al in 198279 reported a prospective, randomized, blinded to the 

surgeon, clinical trial assessing deliberate hypotension during spinal fusion. The 

hypotenslve group had blood pressure :evels on average 24% below baseline, 

whereas the "sham" hypotenslve group were maintamed at 9% above baseline. 

The surgeon and assistant were given separate questionnaires at the end of 

surgery and were asked to evaluate wh ether or 1~,Jt hypotensive anesthesia existed. 

They correctly identified hypotensive anesthesia 12 out of 13 times, and 
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normotensive anesthesia eight out of 11 times. There was significant reduction in 

blood loss (p < 0.005) using hypotensive anesthesia. There was no signlficant 

reduction in surgical time. Total transfusion amount was also significantly reduced 

(p < 0.05) when using controlled hypotension. 

ln 1983 Malcolm-Smith80 described the surgical and anesthetlc procedures 

for 44 patients undergoing posterior spinal fusion with Harrington rad 

instrumentation for idiopathic scoliosis. Twenty-one patients were subjected to 

hypotensive anesthesia with mean systolic blood pressure reduced from 117 to 65 

mmHg. Twenty-three patients were in a non-hypotensive group with a mean 

systolic blood pressure reduced from a pre-operative level of 121 mmHg to an 

intra-operative level of 87 mmHg. The same surgeon performed the sa me surgical 

procedure on ail of the patients. Intra-operative blood loss for the hypotensive 

group was 525 ml ± 226 versus 1530 ml ± 941 for the second group. Post­

operative blood loss was 533 ml ± 267 for the hypotensive group versus 1014 ml 

± 558 for the second group. The total reduction in blood loss was 2544 ± 1260 

ml to 1058 ± 339 ml when using hypotension. Total transfusion requirements 

were reduced from 4.9 ± 2.3 units to 2.2 ± 0.9 units. They concluded that 

mean blood loss and transfusion requirements were signlficantly dlminished with 

the use of hypotensive anesthesia. 

Ahlering et af3' in 1983 retrospectively reviewed the charts of 37 patients 

who underwent radical cystectomy for bladder cancer of varyll1g degrees. Sixteen 

patients had deliberate hypotension with a blood pressure of 90/60 mmHg. There 
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was no documentation of the normotensive blood pressure range. Blood pressure 

in the hypotensive group was measured with a radial artery catheter. Only a small 

percentage of the normotensive patients had arterial lines. Slood pressure was 

otherwise measured by sphygmomanometry. Ali operations were performed by the 

same surgeon. Slood loss was measured by suction bottle contents and visual 

estimation of sponges. There was a significant reduction in blood 1055 in the 

hypotensive group; the normotensive group lost 1740 ± 143 ml, the hypotensive 

group lost 821 ± 78 ml (p < 0.001). Whole blood traiîsrused to the hypotensive 

group (1.38 ± 0.25 units) was significantly less than for the normotensive group 

(3.25 ± 0.45 units) (p < 0.05). Ninety percent of the patients treated with 

normotensive anesthesia reQuired transfusion versus 69% in the hypotensive 

group. Transfusion was initiated to maintain a hematocrit at 30%. There was no 

significant difference in operative time. They concluded that induced hypotension 

may be used safely in selected elderly patients requiring cystectomy and that it 

decreased the operative blood loss and the need for transfusion. This report was a 

retrospective review with no normotensive parameters. Visual estimation of blood 

1055 must be considered inaccurate. 

Simpson and Ireland in 198382 published a prospective study of 100 total 

hip replacements to compare the results of hypotensive versus normotensive 

anesthesia. Five surgeons performed the same standard surgical procedures. 

Hypotension was defined as 33% reduction form mean pre-operative systolic blood 

pressure. Randomization was determined by the ability to reach this 33% 
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reduetion. The results showed that neither overall blood loss nor operative time 

was significantly reduced by hypotenslve anesthesia. The surgeons involved 

agreed that hypotensive anesthesia tended to produce a dry surglcal field. This 

was explained on the basis that although there were fewer obvious bleeding pOints 

requiring cautery, there was a continuous slow ooze of blood, Insufficlent to hllldcr 

the surgeon or cause an obviously saturated field. Thus, although the operating 

field appeared dry, the blood loss was not greatly reduced. The surgeons were not 

blinded ta the anesthetic technique in thls study. Quality of surgieal field was a 

retrospective observation. The parameters for normotenslon were defined as an 

inability to reaeh a 33% reduction from baseline blood pressure. By thls definition 

a 32% reduction in blood pressure would havJ been eategorized as normotensive, 

yet this actually eould have been hypotension. No absolute values were used to 

define hypotension or normotension. 

ln 1985 Patel et af3 reported on a retrospeetive revlew of eharts of patients 

who had undergone spinal fusion and Harrington rad instrumentation by the same 

surgeon. Twenty-seven patients had hypotenslve anesthesI8 wlth systolie blood 

pressure redueed by 20-30 mmHg. Twenty-two patients were trCélted uSlIlg 

normotensive anesthesla. There was a reduetion in average blood 1055 by 40 cyo, 

need for transfusion by 45 % and surgieal time by 10% ln the hypotenslve group. 

These differences were ail signlfleant (p < 0.05). 

Saarnlvaara in 198784 revlewed 41 patients who underwent eontrolled 

hypotensive anesthesla for middle ear microsurgery. The surgeons were not 
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blinded to the operative blood pressure. The quality of the surgical field was 

assessed using a 100 mm visual analog scale, 0 being poor and 100 representing 

excellent. The rating was done at the end of the case with an average of 90.7 ± 

1.1 mm. 

Sood et al in 198785 reported on a randomized, prospective study using 

induced hypotension on patients undergoing placement of lienorenal (splenorenal) 

shunts for portal hypertension. Eight patients had their intra-operative systolic 

blood pressure reduced to 90-95 mmHg. Ten patients had systolic blood pressure 

maintained between 100-150 mmHg. Mean blood loss was 517 ml ± 220 for the 

hypotensive group versus 1286 ± 523 for the normotensive group. Transfusion 

mean was 0.88 ± 0.9 units for the hypotensive group versus 3.0 ± 1.2 units for 

the normotensive group. There was a significant (p < 0.01) reduction in operative 

blood loss and requirement for transfusion when using hypotensive anesthesia. 

Sataloff et al in 198786 reported on 19 patients who underwent hypotensive 

anesthesia for composite resections or radical neck dissections with 

laryngectomies and compared these patients to a retrospective control group that 

had undergone similar procedures. The control group was selected retrospectively 

to match each study patient with respect to procedure, lesion, age, ASA 

classification and surgeon. There was no indication if any patients received pre­

operative radiotherapy. The mean arterial pressure for the hypotensive group was 

55 mmHg versus 95 mmHg in the normotensive group. The mean blood loss in 

the normotensive group was 1369 cc versus 528 cc in the hypotensive group. 
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This was significantly different (p = 0.0016). This reduction in blood loss led to a 

significant reduction in transfusion requirements (p = 0.0026). In the 

normotensive group eleven patients reqUired a total cf 43 unlts of blood. In the 

hypotensive group two patients requlred a total of five unlts of blood. No 

transfusion criteria were documented. There was no significant reduction in 

surgical time (p = 0.3199). The mean operatlve time ln the hypotenslve group 

was 325.54 minutes ± 97.38. The mean operatlve time ln the normotensive 

group was 359.76 minutes ± 111.16. The controls 111 this study were ail 

retrospective. The surgeons were not blinded to the type of anesthesia. Although 

the cases and controls were weil matched, the analysis was not reported according 

to procedure but rather the sum total of ail procedures which were varied. 

Moreover, more than one surgical procedure was performed which may have 

altered blood loss and operative time measurement. 

Hypotensive Anesthesia During Orthognathic Surgery 

Schaberg et af revlewed 13 patients who underwent surgical correction of 

an existing dentofacial deformlty. Surgery was performed using controllcd 

hypotensive anesthesla ta a level reqUired ta create a "dry" surglcül flcld with a 

minimum systolic level of 80 mmHg or rnean artcrlal pressure of 60 mrnHg. The 

surgical procedures included mandlbular ramus osteotomies (vertical and sagittal), 

anterior mandibular subaplcal osteotomies, antenor and posterlor maxlliary 

segmental osteotomies and a LeFort 1 osteotomy. The patients were élll positloned 

with 10 degree head elevatlon. No indication was given as to the number of 
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surgeons and anesthetists involved. Blood 1055 was measured by volumetrie and 

gravimetnc techniques as weil as with chrornium 51 radioisotope tagging 

technique. The study group was compared to a retrospective control from another 

center. Fourteen patients were treated using normotensive anesthesia. Surgical 

procedures included intra-oral and extra-oral ramus osteotomies, and maxillary and 

mandibular segmental osteotomies. There were no LeFol-t 1 osteotomies included 

in this group. The normotensive control group had a mean estimated blood loss 

(EBL) of 525 ± 52 ml and a mean red blood cell volum..;! (RCV) of 456 ± 42 ml. 

The hypotenslve study group had a mean EBL of 314 ±i 57 ml and a mean RCV 
1 

loss of 256 ± 35 ml. This represented a 40% and 44'1'0 reduction respectively. 

The mean operative time in the normotensh/e giOUp W!3S 216 ± 13.10 minutes 

1 

versus 219 ± 12.83 minutes in the hypotensive grou/P. The authors explained this 

fact on the basis of resident involvement and their triining. They reported that the 

surgeons were definitely impressed, albeit subjective/y, with the fact that the 

surgical field was drier than under normotensive ane/,thetic conditions. 

It is very difficult to draw useful information lom this study for a number of 

reasons. Firstly, the surgical procedures were not s~andardized, and they were not 

performed by the same surgeon. One cannot comp,He blood loss and operative 

time when a variety of surglcal procedures is emPlo'!ted and performed by many 

surgeons. Secondly, blood pressure in the hypotem~ive group was monitored via 

\ 
an arterial line versus sphygmomanometry in the nOI\motensive group. No 

prospective study perameters were outlined and no tndomization was performed. 

\ 
\ 
\ 
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Lastly, the quality of the surgical field was merely observational. This cannot be 

appropriately assessed unless the surgeon is blinded to the anesthetic technique 

used and a proper ranking system is employt.u. 
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ln 1980 Chan et aF reported on a controlled prospective study assessing the 

effect of hypotensive anesthesla on blood loss, quallty of surgical flcld, and length 

of procedure involving patients undergoing anterior maxillary osteotomy using the 

technique descrilJed by Wunderer. Eleven patients were randomly placed into the 

study group. Mean arterial pressure was established at 70 mmHg. The blood 

pressure of the ·10 control patients was allowed to vary wlthin acceptable "safety 

limits". Slood pressure was monitored bath by arterial cannu ation and a 

sphygmomanometer. Blood loss was measured by volumetrie and gravimetric 

techniques, as weil as by using radio-chromium 51 tagged red cells. The quality of 

the surgical field was assessed at the end of surgery on a scale of one ta three, 

one representing a relatively dry field whereas three represented an obscure, 

excessively bloody operative field. There was no indication as to the number of 

surgeons involved or whether the y were blinded to the anesthetic technique. 

Patient posture was not documented. There was no significant difference in blood 

loss, quality of surgical field, or length of surgery between the study group and 

control group (p < 0.05). The au' hors explamed thls by observlng that sorne 

patients in the normotensive group were actually hypotenslve ln relationship to 

their normal pre-operative blood pressures. Furthermore, some patients ln the 

hypotensive group had operative blood pressures higher than their pre-operative 
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blood pressures. The data were reorganized in a manner such that the hypotensive 

group was defined as those patients with an operative blood pressure that was 

20% below thelr pre-operative level, and the normotenslve patients included those 

patients whose blood pressure was equal to or greater than thelr pre-operative 

value. Slood loss was decreased by 41 % and quality of surgical field was 

Improved by 27% ln the new hypotensive group. These results were significant (p 

< 0.05). 

This study was an improvement over Schaberg's report in that ail of the 

patients had the same surgical procedure. The problem, however, was that the 

study became retrospective when the data were re-categorized. This introduced a 

level of bias Into the results. Furthermore, the number of surgeons was not 

recorded nor was patient position. These factors definitely influenced operative 

time as weil as hemorrhage. Final/y, the quality of i.he surgical field was assessed 

by a scale that was too narrow in its parameters. Evaluation was made only at the 

end of the surgery and there was no indication as to whether the surgeon was 

blinded to the blood pressure level. 

ln 1982 Washburn and Hyer87 retrospectively reviewed their experience with 

dellberate hypotension for 58 electlve major maxJllofaclal surgery cases. The 

procedures Included orthognathlc surgery, preprosthetlc surgery, reconstructive 

oral and maxillofaclal surgery, and surglcal resection for osseous pathosis. Each 

operative procedure was carried out by attending surgeons together with resident 

surgeons. Systolic blood pressure was maintained at a level of 80 ± 5 mmHg to 
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the point where the majority of soft tissue and osseous cuts had been made. 

Patients were ail placed in a supine position with a head-up tdt that varied fram 15 

25 degrees. lldocaine 1 % with epinephrine 1: 200 000 was also used to asslst 

with hemostasis. They concluded that dellberate hypotension reduced blood loss 

and operating time during elective major maxillofaciai surgery. One patient 

required transfusion. However, thls was necessary to treat an eXl5tlrlg pre· 

operatlve anemia. When revlewlllg operatlve tlme, the authors categorized 5nnilar 

operations to establlsh average operatlve lime for simllar procedures. It 15 

important ta note that many surgeons were Involved ln these proceduros whlch 

may have altered surgical time. Furthermore, Instrument passing and usual 

operative delays were not accounted for. In addition, the variation in head tilt mély 

have altered the degree of bleedlllg at the operative site. The use of epinephrille 

for hemostasis could also have altered the overall effectiveness of hypotenSion. 

There was no indication as to actual measurement of blood loss. Asscssment Wé.lS 

made by comparing pre-operative hemoglobm and hematocnt to past-operative 

values. It was not IIldlcated as to when the post-opcratlve measurernent was 

made. Intravenaus fluids could have affected these values. Fillally, ÜlIS W~lS a 

retrospectlve review and there were no controls. 

ln 1986 Fromme et afB reported on a prospective study deslgned te> 

determine whether controlled hypotensive anesthesla resulted III a StéltlstlCdlly 

significant difference in the surgeon's perception of the quallty of the surglcal field. 

Fifty-slx patients, undergoing maxillary and mandlbular osteotomies, were 
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randomized into one of three groups. Group one was a normotensive group with 

mean arterlal pressure maintained between 90-100 mmHg. Group two had a mean 

artenal pressure malntained at 75-85 mmHg. Group three represented the 

hypotensive group ''Vith mean arterial pressures ranging from 55-60 mmHg. Slood 

pressure was monitored with a radial artery catheter. The surgical team was 

blinded to the type of anesthesia employed. The surgical site was assessed at ha If 

hour intervals based on a numerical scale of 0 to 5. 

o = minimal bleeding, very dry field 

1 = mi Id bleeding, but no interference with dissection 

2 = moderate bleeding, nuisance in regard to the surgical field, but no 

actual compromise of the ability to dissect 

3 = moderate bleeding, modest compromise of the surgical field 

4 = heavy but controllable bleeding, significant interference with dissection 

5 = massive uncontrollable bleeding 

Ali patients were positioned supine with 15 degree head elevation. The surgeon 

was the same for ail cases. The authors found no significant difference in the 

quality of the surgical field, blood loss, or operative times among the three groups. 

This report introduced a new scale of evaluation with a broader range and 

more speciflc descriptions than that used in Chan's study. An improvement was 

made ln the frequency of evaluation times. It is worthy to note, however, that the 

evaluations of the surgical field were not correlated wlth the blood pressure at that 

point ln the operation. The assumption was made that a smooth blood pressure 
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lever was maintained throughout the surgical procedure with no rise at times of 

stimulation. Furthermore, no errar study was performed on this scale to identify If 

a score of "2" in one patient was the same as "2" in the next patient. Slnce thera 

were differences in the surgical procedures and no indication was made as ta 

whether the maxilla was segmentalized or whether the mandibular rarnus 

osteotomy was sagittal or vertical, vanabliities were introduced into the 

measurement of blood 1055 and surgical time. 

ln 1987 McNulty et af9 retrospectively reviewed his experience with 

Labetalol induced hypotension during orthognathic surgery. Ten patients were 

included in the study. When significant surgical bleeding was expected, the blood 

pressure was reduced to a mean arterial pressure of 55-60 mmHg. When surgical 

bleeding was no longer a problem the blood pressure was returned to baseline 

value. The authors reported a mean blood 1055 of 399 ± 142 ml. No patients 

required transfusion. Mean post-operative hemoglobin was 11.2 ± 1 versus a pre­

operative mean of 12.7 ± 1. The lowest post-operative value was 9.2. The 

authors concluded that the measured blood 1055 and pre-operative/post-operative 

hemoglobin levels were indicative of satisfactory operative conditions and since no 

patient had required a blood transfusion, the goals of producmg induced 

hypotension had been achieved. However, in this retrospectlve rcview, there were 

no contrais, no description was given as to how blood loss was measured, and no 

transfusion criteria were identified. Although ail patients underwent orthognathlc 

surgery, there was no documentation as to the type of surgery. There was no 
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record of surgical time, or the quality of the surgical field to evaluate objectively 

the effectiveness of induced hvpotension. The number of surgeons involved and 

patient position were not documented. 
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Lessard et a/m 198990 reported on a prospective study te. cvaluate the 

ability of deliberate hypotension to reduce blood loss, improve the surgical field, 

and decrease operative time in orthognathic surgery. Fifty-two patients were 

randomized either to a hypotensive group with mean arterial pressure maintained at 

55-65 mmHg or to a normotens.ive group in which patients were treated with a 

mean arterial pressure of 75-85 mmHg. Slood pressure was monitored by a radial 

artery catheter. Ali patients had LeFort 1 osteotomies along with a mandibular 

osteotomy. Three surgeons per10rmed the operations and they were blinded to the 

anesthetic technique. Patient head position was standardized at 15 degree 

elevation. The surgeons infiltratE!d lidocaine 2 % with 1: 100 000 epinephrine into 

the mucosa prior to incision. Slood loss was measured by volumetrie and 

gravimetric techniques and surgical field was assessed using Fromme's numerical 

scale.ss The surgical field was evaluated during mucosal dissection and again 

during the osteotomy. 

There was no statistically significant difference in operative time. There was 

a significant (p < 0.001) reduction in blood loss (40%) and need for transfusion. 

Three of 25 hypotensive patients roquired transfusion versus 12 of 27 

normotensive patients. Transfusions were started when estimated blood loss 

exceeded 20% of estimated blood volume. The surgical field was rated 

significantly better in the hypotensive group. 
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It is important to note a number of facts. Firstly, there was no error study 

performed on the scale of evaluation. However, the surgeons wcre more speclfic 

as to the times of evaluation. Secondly, three surgeons wcre Irlvolved ln the 

operations which cou Id have a:tered ail variables measured. Furthermore, loc~: 

anesthetic with vasoconstrictor, although used ln both groups, could have altcred 

the proposed benefit of hypotensive anesthesia. In addition, surglcal procedures 

may have varied. They were only identified as LeFort 1 osteotomies along wlth 

mandibular osteotomies. Maxillary segmentalization along with either vertical or 

sagittal osteotomies of the mandibular ramus could have made a differenco whon 

comparing one group to the other. 

ln ail of the preceding studies,6.7.87-90 two factors that were not accounted 

for were the variability in electrocautery setting and the delay in instrument 

transfer during operation. These factors may have an effect on blood loss, the 

quality of the surgical field and the length of the surgical procedure. 
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MATER!ALS AND METHODS 

A randomized, prospective, blinded-to-the-surgeon, clinical trial was 

deslgned to test the hypothesis that hypotensive anesthesia was better than 

normotensive anesthesia when comparing intra-operative blood loss, the surgeon's 

perception of the quality of the surgical field and operative time during LeFort 1 

osteotomies. 

Treatment Groups 

Group 1 consisted of those patients who underwent hypotensive anesthesia 

during which the mean arterial blood pressure (MAP) * was maintained between 

50-60 mmHg with a systolic blood pressure less than 80 mmHg. 

Group Il consisted of those patients who had normotensive anesthesia 

during which blood pressure was maintained at a "normal" pre-operative value as 

determined by average ward values. Ali pre-operative blood pressures were 

measured by the nursing staff using manual sphygmomanometry. The 

measurements were performed three times the evening pre-operatively and one 

time the morning of surgery. An average of these four blood pressure recordings 

was used as the "normal" pre-operative value. 

Inclusion Criteria 

1 . Male or female patients between the ages of 14-60 undergoing an 

orthognathic surgical procedure that included a LeFort 1 osteotomy. 

2. Patients designated as American Society of Anesthesiology category 1 or II. 

• MAP =- dlastohc blood pressure + (Systollc blood pressure~ dlastohc blood pressure) 



Exclusion Criteria 

1. History of previous cerebrovascular accident. 

2. Coronary artery disease. 

3. History of heart tai/ure. 

4. Peripheral vascular disease. 

5. Respiratory insufficiency. 

6. Abnormal liver function. 

7. Abnorma/ kidney function. 

8. Gross anemia. 

Sample Size 
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The study was designed to have 20 patients in each of the two groups, but 

data were to be analyzed after 50% of patients in each group were studied to 

determine if there was a statistically significant difference between the two groups 

with respect to blood 1055, and if 50, the study would be terminated. The Q'Bnen­

Fleming criterion91 would then be used ta correct the significanco levol for multiple 

comparison. This study was approved by the Clinical Trials Committee of the 

Montreal General Hospital. 

Randomization 

Patients were assigned on a random basis ta either Group / or Group Il wlth 

an effort made to achieve an eQual number of male and female patients ln each 

group. Only the anesthetist was aware to which group the patient had boon 

assigned. The surgeon was blinded to the anesthetic technique and to the 

patients' blood pressures. 
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Pre-operative Protocol 

Patients were admitted to the Oral and Maxillofacial Surgery service at the 

Montreal General Hospital one day prior to surgery. Each patient underwent a full 

history review, physical examination, and internai medicine consultation. Each 

patient had pre-operative tests that included a urinalysis, complete blood count, 

electrolytes, renal and liver profile, glucose, and electrocardiogram. 

Operative Protocol 

One anesthesia team was involved with ail of the cases utilizing a 

standardized technique. Ali patients were prepared as if undergoing hypotensive 

anesthesia. The physical anesthesia set-up was identical for both groups. The 

anesthetist established a blood pressure level depending on the patient group. 

Once the anesthetist felt that he had an adequate, stable blood pressure, he 

instructed the surgeon to initiate a painful stimulus on the patient for 30 seconds 

by applying a sharp periosteal elevatar into the periodontal ligament of the 

patient's tooth. This was done in arder to determine if the blood pressure was 

controlled, or If it was necessary to make further adjustments. 

A designated Oral Surgery resident, not involved in the surgical procedure, 

was responsible for videotaping the surgical procedures, reeording intra-operative 

data, and measuring the blood loss. The video camera was positioned and 

maintained above the surgieal site throughout the surgieal procedure. 
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Surgical Technique 

Ali patients underwent LeFort 1 osteotomies by the same surgical team in a 

standardized sequence. The surgical team included two separate attending 

surgeons and the same surgical assistant. The surgical procedure was divlded 

between the attending surgeon and the assistant. One side was performed by the 

attending surgeon and the other side was performed by the assistant surgeon in an 

alternating fashion in the exact sa me manner, with the exact same instruments. 

The attending surgeon began the proceuure. A mucosal incision was made from 

the first molar area and extended to the midline. The incision was made 

approximately 5 mm above the mucogingival junction. The incision was made with 

an electrocautery knife to the level of, but not including the periosteum. The same 

electrocautery unit was used in ail of the cases, with the same settmg. The 

periosteum was then incised with a number 15 surgicDI scalpel blade. A 

subperiosteal plane was then established from the pyriform rim and tunnelled 

posteriorly to the pterygoid plate. A moistened gauze was then placed into this 

tunnel. The same procedure was then carried out on the opposite side ot the 

maxilla. 

The nasal mucosa was then dissected from the tloor of the nose on side one 

followed by side two. 

A drill with a 701 tapered fissure bur was then used to make reglstratlon 

marks 5 mm above the apices of the cuspid and tirst mo[ar teeth. This was 

performed bilaterally. 



• 

• 

• 

54 

The lateral wall of the maxilla was osteotomized at the level of the 

registration marks with a reclprocatlng saw. In the posterior region the osteotomy 

was completed wlth a fine osteotome and mallet to the level of the pterygoid plate. 

This was performed bilaterally. 

The lateral wall of the nose was osteotomized with a guarded Silver 

osteotome to the level of the perpendicular plate of the palatine bone. Right and 

left sides were done in sequence. The nasal septum was then osteotomized with a 

guarded nasal septum osteotome. This completed the study period from the start 

of the mucosal incision to just after the nasal septum osteotomy. 

Anesthetic Method 

Ali patients were premedicated with morphine 10 mg and atropine 0.6 mg 

intra-muscularly one hour before induction of anesthesia. On arrivai in the 

operating room the patients' nostrils were anesthetized and vasoconstricted with 1 

ml of 1 % neosynephrine in 4 ml of 4% lidocaine, and intravenous and radial arterial 

lines were inserted under local anesthesia. A pulse oximeter was placed and 

electrocardiogram leads were applied. Ali patients were catheterized and urine 

flow was monitored. Anesthesia was induced with propofol 2 mg/kg, sufentanyl 

0.5 mg/kg, and vecuronium 20 mg to facilitate nasal endotracheal intubation. 

Anesthesia was maintained with propofol 3 mg/kg/hr, sufentanyl 0.5 mg/kg/hr, 

and isoflurane 0.5% in 100% oxygen. Ali patients were ventilated to maintain an 

end-tidal carbon dioxide of 35-40 mmHg. Before surgery began. each patient 

received a further 10 mg of vecuronium to ensure complete neuromuscular 

blockade during the study. 
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To optimize venous drainage from the surgical site, the operating table W<.lS 

flexed and the head elevated so that the angle of the mandlble was above the 

heart and at the level of the sternal angle. To ensure a constant and consistent 

hydrostatic zero reference pOint for arterlal blood pressure measurement, one end 

of a flexible spirit-Ievel was attached to the patient's head at the level of the 

surgical site, and the other end to the blood pressure transducer stand. Ali blood 

pressures, therefore, were referenced to the surgical site and not to the heart level 

at the mid-axillary line. 

Those patients in the hypotensive group were infused with 300 mg of 

labetalol over 15 minutes, beginning immediately after endotracheal intubation. 

Both groups were maintained at their target blood pressure unt!! the test 

stimulation. Even when there was no response to this test, the surgical mcision 

produced a marked increase in blood pressure. Therefore, immediately following 

the test stimulation, the isoflurane concentration was increased to 2-3%, and 

when the blood pressure began to fall below the target level, surgery was stélrtcd. 

During the study period the blood pressure was maintamed at the target level by 

altering the isoflurane concentration, and the infusions of propofol and sufentanyl 

remained unchanged. 

After the study was completed the sufentanyl Infusion was reduced to 0.1 

mg/kg/hr and discontinued ten minutes before the end of surgery. Neuromuscular 

blockade was reversed wlth pyridostigmlne 10 mg and atropine 0.6 mg, and the 

patient was transferred to the recovery room intubated, breathing spontaneously 

and responding to commands. 



Evaluation 

Three separate factors were evaluated: length of the surgical procedure, 

blood loss and the qua lit y of the surgical field. 

length of the Surgi cal Procedure 

The length of the surgical procedure was measured by means of the 

videotape from the point of mucosal incision to just after the nasal septum 

osteotomy. Ali instrument passing delays and video positioning delays were 

eliminated from the surgical time. The time measurement was performed by one 

surgical resident unaware of the study groups. 

Blood loss 
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Sponges and throat packs were weighed prior to the start of the operations. 

Two empty suction tubings and a connector as weil as the empty suction bottles 

were weighed at the start of the operations. Ali irrigating fluid was dispensed via 

60 cc syringes graduated in milliliter increments. The amount of fluid required to 

moisten the sponges and the amount of fluld used in the oral cavity were recorded. 

Ali of the sponges, the tubing and connector, the suction bottle and the throat 

pack were weighed again at the end of the study period. The pre-operative 

weights 3nd volumes were subtracted from the post-operative value to yield a 

measured surgical blood 10SS. The standard 1 cc = 1 9 was used for these 

measurements. 
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Oua lit y of the Surgical Field 

The quality of the surgical field was assessed intra-operatively by the 

attending surgeon at predetermined surgical intervals. Assessrnents were made 

during and after 11 surgical steps th us produclng 22 reference Illtervals (Table 1). 

The assessment after each of the designated surglcal steps was m~de two 

seconds after removal of the suctioning device from the surglcal field. Ttle quallty 

of the surgical field was scored by the amount of bleedlng present using the 

following scale: 

5 = massive bleeding; cannot carry out dissection 

4 = severe bleeding; significantly compromises dissection 

3 = moderate bleeding; slightly compromises dissection 

2 = mild bleeding; a nuisance but does not compromise dissection 

1 = minimal bleeding; not a surglcal nuisance 

An intra-operative b!ood pressure and heart rate were recorded corresponding to 

each of the 22 reference points. 

Upon completion of the study the videotapes were reviewed by a thlrd party 

(Evaluator Il) unaware of the study groups and unaware of Evaluator 1 scores. This 

was done on two separate occasions to verlfy intra-evaluator and Inwr-evaluator 

reproducibllity. On the second occasion, Evaluator Il remained bllnded 10 operatlve 

blood pressure, Evaluator 1 scores and hls own initial scores. When ail data were 

compiled there existed three scores for each of the 22 reference pOints along wlth 

a corresponding blood pressure and heart rate. 
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Table 1 

Evaluator 11*· Blood Pressure 
Tlme Evaluator 1+ • Pulse 

A B Syst Dias Mean 

Dunng inCISion (1) 

After inCISion (1) 

Dunng flap retractlon (1) 

After flap retractlon (1) 

Dunng inCISion (2) 

After inCISion (2) 

Dunng flap retractlon (2) 

After flap retractlon (2) 

Dunng nasal dissection (1) 

After nasal dissection (1) 

Dunng 'lasal dissection (2) 

After nasal dissection (2) 

Dunng maxii. osteotomy (1) 

After maxil. osteotomy (1) 

Dunng maxll osteotomy (2) 

After maxii osteotomy (2) 

Dunng lat. nasal osteotomy (1) 

After lat. nasal osteotomy (1 ) 

Dunng lat nasal osteotomy (2) 

After lat nasal osteotomy (2) 

Dunng septal osteotomy 

After septal osteotomy 

* Evaluator 1 was the surgeon ln the operatlng room 
* * Evaluator Il was another surgeon who revlewed the video tapes on two separate occasions 
bhnded to the anesthetlc technique and to both hls tlrst scores and Evaluator 1 scores . 
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RESlILTS 

Pre-operative Data 

The two treatment groups were compared on pre-operatlve charactenstics 

uSing independent group t-test for contlnuous variables and 'X/ test for c<:Jtegorlcéll 

variables. Compansons were made for age, welght, pre-operatlve blood pressure 

(systolic and mean arterial pressure), and sex (see Table 2). The dlfference 

between the normotensive and hypotenslve groups with respect to age, sex, 

weight and pre-operative mean arterial pressure (MAP) was very small and 

definitely non-significant. Although the pre-operanve systolic blood pressure 

showed a marginally significant difference between the two groups, after 

correcting for multiple comparisons, this dlfference should be consldered as non­

significant. Accordingly, one may conclude that there was no statlstlcally 

significant or clinically important difference in ail pre-operative charactenstlcs 

between the two groups. 

Operative Data 

The two treatment groups were compared on treatment effects using 

independent group t-test for continuous variables and 'X.2 test for categorical 

variables. Comparisons were made for Intra-operatlve blood pressure (systollc and 

mean arterial pressure [MAP]), surglcal time, operatlve blood 105S, lacerated nasal 

mucosa, and transected descending palatine vessels (see Table 3). There was a 

very statlstically slgnificant difference between the two groups in operative blood 

pressure but no statistically significant differences in surglcal time, perccntagc of 

lacerated nasal mucosa, and percentage of transected descending palatine vcsscls. 
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Table 2 Pre-ope rat Ive Data 

Normotensive n = 12 Hypotenslve n = 11 Test of Difference 

Vanable mean SD mean SD (p value) 

Age (yr) 27.7 ± 10.0 24.5 ± 5.8 0.37 

Welght (kg) 66.0 ± 10.1 73.2 ± 16.3 0.21 

Pre-op systohc blood 

pressure (mmHg) 113.3 ± 8.9 120.9 ± 8.0 0.04 

Pre-op MAP (mmHg) 87.8 ± 7.0 89.4 ± 5.9 0.56 

Sex 50% 55% 0.83 

Table 3 Operatlve Data 

Normotenslve Hypotensive Test of 

n = 12 n = 11 Difference 

Variable mean SD mean SD (p value) 

Intra-op systoltc blood pressure 

(mmHg) 119.7 ± 7.1 76.3 ± 5.9 0.0001 

-
Intra-op MAP (mmHg) 86.6 ± 4.9 50.2 ± 2.1 0.0001 

Surglcal tlme (mln.sec) 13.9 ± 3.1 12.7 ± 3.8 0.44 

Slood 1055 (ml) 270.2 ± 153.6 120.3 ± 70.4 0.008 

0;) palatine vessels transet. ted 50% 43% 1.0 

% nasal mucosa lacerated 53% 33% 0.64 



The difference in blood loss was assessed using t-test with correction for 

unequal variances. The difference was found to be highly statistically significant 
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(t = 3.02, df = 16, P < 0.01) and met the O'Brien-Fleming criterion91 for the first 

of the two sequential tests. This provided rellable eVldence of the advantage of 

hypotensive anesthesia ln terms of reducing blood loss. One patient in the 

hypotensive group was eliminated for blood loss measurement because blood lost 

from an iliac don or site was not separated fram the blood lost during the LeFort 1 

osteotomy. 

The reliability of scoring was assessed looking at both intra-evaluator and 

inter-evaluator correlation and by estimating the distribution of the absolute 

difference between corresponding ratings. 

There was evidence of highly statistically slgnificant correlation both 

between two ratings of the same observer (r = 0.76, P < .0001) and between 

ratings of two different evaluators (r = 0.62, p < .0001). However, the mtra­

evaluator reliability was higher. 

The two means of the same evaluator were very similar (1.87 versus 1.78). 

However, there was a very systematlc dlfference between the mean ratings yielded 

by two evaluators (2.53 versus 1.87 for the flrst measurerncnt of Evaluator Il). 

Analysis of the distribution of absolute dlfferences bC'tween correspondlng 

ratings conflrmed greater consistency of Intra-evaluator measurements (Evaluator 

Il, A and B), versus measurements ylelded by two evaluators (Evaluator 1 versus 

Evaluator Il). In 63% of cases the corresponding ratings generated by Evaluator Il 
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were identical, while û perfect agreement by the different evaluators was only 

39%. Discrepancy larger than one unit was observed in only 0.2% (one single 

instance) for Evaluator II's scores but in 15 % of cases between evaluators. 

Because of these results, the average between both Evaluator Il scores for each 

stage was used to assess the correlation between evaluator's scores and the intra­

operative blood pressure. 

The correlation between the evaluator's scores and the blood pressure was 

assessed by using a random-effects model for correlated outcomes. 92 Dependence 

of measure was accounted for due to the fact that for each patient there was a 

series of 22 measurements. The analysis was carried out using BMDP 5V 

procedure for longitudinal data. The correlation between the score and both the 

svstolic blood pressure and mean arterial prElssure was very highly statistically 

significant; MAP (wald-x.2 statistics: 67.8, 1 d.f., p < 0.0001), systolic (i! = 

54.4, 1 d.f., P < 0.0001). On average, one unit increase in the evaluator's score 

was associated with 8.7 mmHg increase in the mean arterial pressure and 10.3 

mmHg increase in systolic blood pressure. 
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DISCUSSION 

Deliberate, controlled, hypotensive anesthesia has been employed during 

surgical procedures in an atternpt to reduce operative hemorrhage and the resultant 

need for transfusion. It is claimed to improve the quallty of the surgical field and 

reduce operative time. 5
-
90 

The use of hypotensive anesthesia is not a new technique, but rather has 

been reviewed to a large extent in general surglcal procedures. Reports have been 

mostly anecdotal and observational case reviews along with retrospective reports. 

A few true prospective controlled studies have been reported. 12 
00 

Most dentofacial deformities can be corrected with maxillary and/or 

mandibular osteotomies performed by an intra-oral approach. 3 It is generally 

agreed that the head and neck area, especlally the oral cavlty, is a highly vascular 

region. Intra-oral osteotomies present a limited access approach and bleeding 

during surgery may compound visibility. A reduction in surgical hemorrhage would 

seem to be desirable in that it may improve the quality of the surglcal field muking 

dissection easier and faster. Furthermore, a decrease in hemorrhage rnay result in 

a reduced need for transfusfon. 3
.
6 

9 90 

The use of hypotensive anesthesia in orthognathlc surgery would therefore 

seem appropriate and has been reported III the Iiterature. 13. 7.Bl 90 The eXlstlng 

studies have either been poorly controlled or have involved dissimllar study groups 

with respect to a number of variables. Results have been conflicting. 

It was hypotheslzed that hypotenslve anesthesia during a LeFort 1 osteotomy 
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results in decreased blood loss, decreased operative time, and improved quality of 

the surgical field as compared to normotensive anesthesia. 

ln an attempt to clarify the value of hypotensive anesthesia a prospective, 

randomized, blmded to the surgeon, clinical trial was performed using either 

hypotensive or normotensive anesthesia on patients undergoing LeFort 1 

osteotomies. 

The results of this study revealed a statistically significant reduction in 

operative blood loss when using hypotensive anesthesia, a very highly statistically 

significant correlation between the surgeon's perception of the quality of the 

surgical field and intra-operative blood pressure, and no statistically significant 

decrease in operative time when using hypotensive anesthesia. These results are 

of more significant value than those in previous studies due to the more rigid 

control of intra-operative variables and the utilization of video imaging. 

Schaberg et af reported a reduction in blood loss, no change in operative 

time and an imoroved surgical field when using hypotensive anesthesia. Their 

results were in agreement wlth the results of this study. However, in their study 

surgical proc3dures were vaned including many types of maxillary and mandibular 

osteotomies. ThiS factor ln itself made comparisons of blood loss and operative 

tlme inaccurate. Inaccuracy was compounded by the fact that the control group 

was retrospective and selected trom another center. Furthermore, blood pressure 

in the normotensive group was measured by sphygmomanometry whereas in the 

hypotensive group it was measured via a radial artery catheter. This factor may 
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have altered the actual differences in blood pressures when comparing one group 

to the other. The qua lit y of the surgical field was merely observational at the end 

of the study period. No prospective parameters were outlined. The blood pressure 

in the study group was reduced to a level requlred to "dry" the surglcal field. The 

surgical field cannot be appropriately assessed unless the surgeon IS blinded to the 

anesthetic technique and intra-operative blood pressure, and a proper ratmg system 

is employed. 

ln their study, Chan et aP made improvements in the study design. They 

reported on a control/ed, randomized, prospective study assessing the effects of 

hypotensive anesthesia on blood 1055, quality of the surgical field and the length of 

the surgical procedure. Ali of the patients underwent anterior maxil/ary osteotomy 

using the technique described by Wunderer. The blood pressure parameters were 

prospectively outlined for each group and blood pressure was measured with both 

an arterial line and blood pressure cuff in ail patients. They Introduced a rating 

scale of 1 to 3 to assess the quality of the surgical field. Ali of the above can be 

considered improvements by Chan and his team over the previous report by 

Schaberg et al. However, the study was not wlthout flaws. They fallcd to 

document the number of surgeons involved, patient posture and whether the 

surgeon was blinded to the anesthetlc technique and mtra-operatlve blood 

pressure. These factors are Important in that the patient's posture will Influence 

bleeding and if not standardized will alter the results. Furthermore, many 

surgeons, and particularly If not standardlzed in thelr techniques, sequence of 
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procedures, and instrumentation, could affect ail measurements. In addition, a 

rating scheme is of value, but only if it is used at appropriate times, made by one 

evaluator and that evaluator blinded to the patient's blood pressure. Lastly, the 

rating scale used was too narrow in its parameters and may have obscured greater 

or lesser differences between normotension and hypotension. 

Initiai review of their data revealed no significant difference (p < 0.05) in 

blood loss, qua lit y of surgical field, or length of surgery wh en the hypotensive 

group was compared to the control group. The authors explained this by observing 

that sorne patients in the normotensive group were actually hypotensive in 

relationship to their normal pre-operative blood pressure. Furthermore, sorne 

patients in the hypotensive group had operative blood pressures higher than their 

pre-operative blood pressures. The data were reorganized in a manner such that 

the hypotensive group was redefined as being those patients with an operative 

blood pressure that was 20% below thelr pre-operative level, and the normotensive 

group as being those whose blood pressure was equal to or greater than their pre­

operative value. The new data revealed significant reduction (p < 0.05) in blood 

loss and the quality of the surgical field when using hypotensive anesthesia. There 

was no difference in operative tlme. These results, although concurring with the 

results of this study, were biased by the fact that the study became retrospective 

wh en the data were re-categorized. 

Fromme et afB in their study made further improvements to the previous 

reports. They described a randomized, prospective, blinded to the surgeon, clinical 
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study to determine wh ether controlled, hypotensive anesthesia resulted in a 

statistically significant difference in the surgeon's perception of the quality of the 

surgical field, operative blood loss, and operative time. Patients were randomlzed 

into one of three groups, which included a hypotensive, normotensive and 

intermediate group. In their study the surgeon was blinded to operative blood 

pressure and the sa me surgeon performed ail of the operations. A broader scale 

from 0 to 5 was introduced and rating was done at hait hour Intervals. Ali pmients 

were positioned with standardized 15 degree head elevation. They reported no 

significant differences in operative time, blood loss, and the quality of the surgical 

field among the three groups. 

Despite these improvements, t~le study design was still somewhat flawed. 

Although the operative site was evaluated at more frequent intervals, the moments 

of evaluation were not correlated with the blood pressure at that speciflc point in 

the operation. The assumption was made that a smooth blood pressure level was 

maintained throughout the surgical procedure wlth no fluctuation. Furthermore, no 

error study was performed on this scale to Identlfy It a score of "3" in one patient 

was the same as "3" ln the next patient. They only Identlfled thelr surglcal 

procedures as maxillary and mandlbular osteotomies. However, It must be 

recognlzed that these procedures can vary and because of thls vanabllity this can 

introduce considerable error with respect to blood loss and operative tlme. The 

final issue is that of the 15 degree head elevation. It is Important to note that 

there is a reduction of 2 mrnHg for every inch of vertical helght above which the 
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blood pressure is recorded. 93 Therefore, with 15 degree head elevation as used in 

Fromme's study, blood pressure at the operative site would have been 

approxirr.ately 10-12 mmHg less than at the level of the heart. One can therefore 

see that the groups in Fromme's study were actually treated at a blood pressure 

less than that which was reported and thus more patients were actually 

hypotensive. This may explain the reason why no differences were detected 

among the groups. 

Lessard et afo also reported on a prospective, randomized, blinded to the 

surgeon, clinical trial assessing the same three entities as in the preceding study. 

Their study design was the same as that of Fromme with minor variations. They 

only had two study groups with a narrow difference in blood pressure parameters 

(hypotensive: MAP of 55-65 mmHg; normotensive: MAP of 75-85 mmHg). Three 

surgeons were involved in the operations. The surgeons infiltrated lidocaine 2% 

with 1: 1 00 000 epinephrine into the mucosa prior to incision. They used 

Fromme' s numericéll scale to rate the operative field but did 50 at specifie points in 

the operation, VIZ. mucosal incisions and osteotomy cuts. The authors found no 

significant reductlon in operative time, a significant reduction in blood loss, and a 

significant improvement in the quality of the surgical field when using hypotensive 

anesthesla. The results were slmilar to those of this study. The problems with 

their study were many. Flrstly, surglcal procedures may have varied. They were 

only Identlfled as LeFort 1 osteotomies. No indication was made as to whether or 

not segmentallzation was performed. ThiS could alter surgical time and blood loss. 
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Secondly, three surgeons were involved in thE:: operations. This can alter surgical 

time and assessment of the quality of the surgical field due to lack of inter­

evaluator reliability. Thirdly, the use of epinephrine as a vasoconstrictor could have 

altered the effects of hypotensive anesthesia. Lastly, the 15 degree head elevat';m 

placed the control group close to the hypotensive range. 

Because of the flaws in the previous mentioned studles, an attempt was 

made to develop a study design to control for as many variables as possible. In 

this study the hypotensive and normotensive parameters were prospectively 

defined. Patients were randomly placed into one ot two groups. The surgeon was 

blinded to the anesthetic technique and intra-operative blood pressure. Two 

surgeons performed the operations along with the same surgical assistant. ThiS 

may be viewed as a weakness in the study design. However, the surgical 

technique was standardized with respect to procedure, sequence, and 

instrumentation, and was strictly adhered ta. Surgical time was measured on a 

videotape and it was therefore possible to elimmate unnecessary Instrument 

passing delays that may have altered the surgical time in previous studles. 

No statistlca"y significant difference was demonstrated ln operative time 

when using hypotenslve versus normotensive anesthesia. ThiS was a rather 

interesting finding. One would have assumed that if the surglcal field were 

improved that the operation could be carried out more quickly. It was intoresting 

to observe on the video tapes that when bleeding was bnsk that the dissection 

was carried out rapidly in order to get bleeding under control, whercas, when the 



field was dry the dissection was carried out in a slow, contro"ed, deliberate 

manner. 
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ThE surgical procedure in this study was weIl defined. LeFort 1 osteotomies 

were performed on ail patients from the mucosal incision up to and including the 

nasal septum osteotomy. Restricting the study period to this stage might be 

criticized as hemorrhage may occur or may continue during and after down fracture 

of the maxtlla. However, it was felt that the mucosal incisions and osteotomy cuts 

were representative of both hard and soft tissue surgery and therefore adequate to 

test the hypothesis. 

Blood loss was measured by volumetrie and gravimetric techniques similar to 

Fromme and Lessard. Strict attention was directed to the amount of irrigation 

used. In this study the same surgical procedure, with definite starting and ending 

points, was performed in a" patients. This lent itself to a true comparison of blood 

loss. 

Another important factor in this study was the use of the video imaging 

technique. On its simplest level this allowed for a measure of operative time as 

described. More importantly, operative fields could be analyzed and ranked by a 

separate evaluator bllnded ta the anesthetic technique and blood pressure. This 

study used Fromme's numencal scale with very sllght modification by eliminating 

the "0" category and by slightly modifying the definitions that made the groups 

more distinct for the evaluators Involved. Evaluator" rated the video tapes on two 

separate occasions ta investigate the reliability of the numerical scores. The 
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second evaluator was unaware of Evaluator 1 scores or his own initial scores. 

These scores were also compared to the intra-operative scores to assess Inter­

evaluator reliability. It was determined that the Intra-evaluator rellabliity was 

higher than the inter-evaluator reliability. In fact, the scores of the operating 

surgeon were consistently higher than those of the second evaluator. Perhaps this 

could be explained on the basis that the rating carried out during the surgery is 

influenced by the pressure and anxiety of the procedure itself. Evaluations carried 

out by an individual not involved in the surgery by using the video are free fram 

thi~ pressure and therefore can be viewed as more objective. 

Each score corresponded to a specifie surgical period and a corresponding 

blood pressure. This permitted an accurate correlation between the perception of 

the surgical field and the specifie blood pressure at that time. This took into 

account fluctuations in blood pressure, such that if for sorne reason the blood 

pressure rose in a hypotensive patient, it would in theory be reflected with an 

increase in the evaluator's score. This was indeed the case. A one unit increase 

in score was associated with a systolic pressure increase of 10.3 mrnHg and a 

mean arterial pressure increase of 8.7 mmHg. 

Ali of the patients were positloned suplne wlth the table flexed so that the 

head was elevated to a level that placed the angle of the mandlble above the heart. 

However, ail blood pressure recordmgs (by radial artery catheter) were referenced 

to the operative site by use of a fleXible spirit-Ievel. ThiS elimmated the variable 

introduced by the head-up position. 93 



None of the previous studies commented on the use or setting of the 

electrocautery unit. A higher setting of the cautery may alter bleeding. In this 

study the same cautery unit was used with the same setting on ail patients. 
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Laceration of the nasal mucosa during the dissection along the floor of the 

nose can result in an increase in bleeding. Furthermore, transection of the 

descending palatine vessels could also result ln an increase in hemorrhage. These 

factors were documented and found to be not significantly different between the 

two groups. Furthermore, no vasoconstrictor was used in this study. 
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SUMMARV AND CONCLUSION 

It was hypothesized that hypotensive anesthesia was better than 

normotensive anesthesia during LeFort 1 osteotomies when comparing blood loss, 

operative time, and the quality of the surglcal field. 

A prospective, randomized, blinded to the surgeon, clinical trial was 

designed to compare l1ypotensive versus normotensive anesthesla with respect to 

the foregoing. 

Twenty-three patients were randomized into one of two groups: 12 III tl1e 

normotensive group (mean systolic pressure: 119.7 ± 7.1; mean MAP: 86.6 ± 

4.9) and 11 in the hypotensive group (mean systolic pressure: 76.3 ± 5.4; mean 

MAP: 50.2 ± 2.1). There was no statistically significant dlfference when 

correcting for multiple comparisons in pre-operative chLlracteristlcs. 

A video imaging model was developed to assess operative time and the 

quality of the surgical field. The video tapes allowed for assessment of inter- and 

intra-operator reliability with respect to surgical score. Intra-evaluator reliabillty 

was greater and more consistent. 

There was no statistlcally slgnlficant reductlon (p < 0.44) 111 ope rat ive tlme 

when using hypotenslve anesthesla. 

There was a statistically slgnlficant reduction (p < .01) in blood 1055, as 

measured by volumetrie and gravimetric techniques, when using hypotenslve 

anesthesia. 



There was a very highly statistically significant correlation (p < .0001) 

between operative blood pressure and the surgeon's perception of the quality of 

the surgic_. field. 
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On the basis of these results it is concluded that hypotensive anesthesia is 

valuable during LeFort 1 osteotomies in reducing blood loss and improving the 

quality of the surgical field, th us allowing for easier, more deliberate, careful 

dissection, even though it does not reduce operative time. 

Further studies are needed to determine if by introducing the variable of a 

vasoconstrictor it furt,ler improves the benefits of hypotensive anesthesia or, if 

used in conjunction with normotensive anesthesia, eliminates the need for 

controlled hypotension. 
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• Table l Patient 2 

Evaluator " 8100d Pressure 
Tlme Evaluator 1 Pulse 

A 8 Syst Dias Mean 

Dunng anCISlon (1) 1 2 2 74 44 52 73 

A fter inCISion (1) 3 2 2 75 48 55 76 

Dunng flap retractlon (1) 2 2 2 79 52 58 76 

A fter flap retractlon (1) 1 2 2 62 41 46 72 

Dunng InCISion (2) 2 2 2 59 41 46 73 

After inCISion (2) 3 1 2 63 40 47 74 

Dunng flap retractlon (2) 3 2 2 67 41 49 75 

After flap retractlon (2) 3 1 1 68 45 51 76 

Durrng nasal dissection (1) 2 1 2 67 42 50 76 

After nasdl dissection (1) 1 1 2 60 40 46 76 

Dunng nasal dissection (2) 1 1 2 59 39 45 75 

After nasal dIssectIon (2) 3 1 2 54 37 43 76 • Dunng mdxll. osteotomy (1) 1 1 1 71 46 54 78 

After maxil osteotomy (1) 2 1 1 70 44 52 77 

Dunng ma XI/. osteotomy (2) 2 2 2 72 45 52 78 

After maxil osteotomy (2) 2 1 1 70 44 52 77 

Durrng lat nas31 osteotomy (1) 2 1 1 67 44 51 79 

After lat nasal osteotomy (1) 3 1 1 74 46 53 79 

Durrng lat nasal osteotomy (2) 2 1 2 72 45 52 79 

After lat nasal osteotomy (2) 3 1 2 71 44 53 79 

Durrng septal osteotomy 3 2 2 76 47 56 78 

After septal osteotomy 3 1 2 77 49 59 79 

• 



• Table 2 Patient 4 

Evaluator Il Blood .E.r~ssllre 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

During IncIsion (1) 3 2 3 108 60 81 77 

A fter inCISion (1) 3 3 2 100 54 64 78 
--

During flap retractlon (1) 3 3 2 94 50 67 82 

After flap retraction (1) 3 1 1 89 45 6b 79 
-----

Dunng inCISion (2) 2 1 2 83 39 1-'-
d~ 16 

-- '-------

After incision (2) 2 1 2 84 40 !) 7 1'.) 

During flap retractlon (2) 3 2 1 78 36 bl il 

After flap retractlon (2) 2 1 1 76 35 ~)O n 
Dunng nasal dissection (1) 2 1 1 76 33 46 1'.) 

-~--- -----
After nasal dissection (1) 2 2 1 73 32 46 lb 

Dunng nasal dissectIOn (2) 2 1 1 76 33 48 74 

After nasal dissection (2) 2 2 1 76 34 47 73 • -- ----- --

Dunng maxtl. osteotomy (1) 2 1 1 77 3b 50 74 
--

After maxtl osteotomy (1) 3 1 2 74 33 -19 13 

DUling maxii. osteotomy (2) 2 1 1 77 3[-,) 51 12 
.-f-----

After maxtl. osteotomy (2) 2 1 2 77 3b 51 72 
--1------

During lat. nasal osteotomy (1) 1 1 1 87 40 'J 'l 71 
--f--------1---------

After lat. nasal osteotomy (1) 1 1 1 81 3e 55 10 
-- -------

Dunng lat. nasal osteotomy (2) 1 1 1 77 3b ~)O 74 
------1----

After lat. nasal oSŒotomy (2) 1 1 1 77 3-1 1 50 72 

Dunng septal osteotomy 1 1 1 88 4/ 57 71 
-

After septal osteotomy 2 2 1 88 42 51 71 
-

• 



• Table 3 Patient 7 

Evaluator Il mQogJ"~c~~J)[g 
Tlme Evaluator 1 Pulso 

A B Syst DI.15 MC<lll 
----r---- -----

Dunng inCISion (1) 2 2 2 84 42 ~6 74 
--------------------

After inCISiOn (1) 3 2 2 85 4 ~) ~8 /6 
--- ------

Dunng flap retractlon (1) 3 2 2 87 43 sn 80 
---- ----- ---- -------

After tlap retractlon (1) 3 2 2 SO 4!:> ~6 SG 
-

Dunng inCISion (2) 3 1 2 81 4!> b6 81 
1-----

After incIsion (2) 4 2 2 83 45 G8 HO 
-------

Dunng flap retractlon (2) 3 1 1 81 44 !)6 81 

After flap retractlon (2) 4 1 2 78 41 ~)3 80 
----r-- -

Dunng nasal dissection (1) 1 2 2 73 38 48 81 

After nasal dissection (1) 2 1 2 70 35 46 81 

Dunng nasal dissection (2) 3 2 2 67 33 44 80 

After nasal dissection (2) 3 1 2 69 34 46 78 • Dunng max.!. osteotomy (1) 1 1 1 65 32 44 80 

After max" osteotomy (1) 2 1 1 68 33 44 75 

Dunng maxll. osteotomy (2) 2 1 1 74 37 50 80 

After maxl!. osteotomy (2) 2 1 1 74 37 49 78 

Dunng lat. nasal osteotomy (1) 1 1 1 73 36 48 82 

After lat. nasal osteotomy (1) 1 1 1 74 36 49 81 

Dunng lat. nasal osteotomy (2) 1 1 1 73 36 48 83 

After lat. nasal osteotomy (2) 2 1 1 74 37 49 83 

Dunng septal osteotomy 1 1 1 77 39 52 82 

After septal osteotomy 2 1 1 81 41 52 81 
-

• 



• Patient 8 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Durrng InCISion (1) 2 1 2 83 38 65 71 

After inCISion (1 ) 3 2 3 86 39 58 74 

Durrng flap retractlon (1) 
, 

3 2 2 90 40 51 75 

After flap retractlon (1) 2 1 2 86 40 42 77 

Durrng InCISion (;J) 3 1 2 79 35 39 79 

After inCISion (2) 3 2 2 86 38 37 80 

Dunng flap retractlon (2) 3 2 2 84 37 38 77 

After flap retractlon (2) 4 1 2 82 36 39 76 

Durrng nasal dissection (1) 1 2 1 77 33 53 74 

After nasal dissection (1) 3 1 2 78 37 53 73 

Durrng nasal dissection (2) 2 1 2 78 35 49 70 

After nasal dissection (2) 2 2 1 74 34 50 68 • Dunng maxll ostootomy (1) 2 1 1 76 34 49 71 1 

After maxii osteotomy (1) 3 1 1 75 33 51 71 

Dunng max" osteotomy (2) 3 1 1 76 30 51 69 

After maxii osteotomy (2) 1 1 1 72 32 51 69 

DlIrrng lat. nasal osteotomy (1) 2 1 1 71 31 49 71 

A fter lat. nasal osteotomy (1) 2 1 1 73 33 49 70 

DlInng lat nasal osteotomy (2) 2 1 1 78 35 49 71 

After lat nasal osteotomy (2) 2 1 1 76 35 50 70 

Durrng septal osteotomy 2 1 1 76 35 49 72 

After septal osteotomy 3 2 2 86 43 50 71 

• 



.. 

• Table 5 Patient 9 

Evaluator Il B1ooQ..fre~~~..Q 
Tlme Evaluator 1 Pulse 

A B Syst DI_1!> Mean 

Dunng IIlCISlon (1) 2 2 2 76 39 ~o 80 
-------

After IIlCISlon (1) 2 2 2 82 41 53 79 
--

Dunng tlap retra::;!'on (1) 2 2 2 ~n 46 ~u 17 --
After flap retractlon (1) 2 1 2 79 40 !)2 7G - --_. .-
Dunng IncIsion (2) 3 2 2 84 44 55 79 

After InCISion (2) 3 2 2 83 43 b5 79 
- ----

Dunng tlap retractlon (2) 2 2 2 77 41 b2 19 

After tlap retractlon (2) 2 1 1 79 41 52 lB 

Dunng nasal dissection (1) 3 2 2 70 39 48 76 
--

After nasal dissection (1) 2 2 2 72 33 51 77 

1 Dunng nasal dissection (2) 2 1 2 64 36 47 75 

After nasal dissection (2) 2 1 2 63 3G 47 75 • Dunng maxtl. osteotomy (1) 2 1 2 71 35 46 75 

After maxii. osteotomy (1) 3 2 2 70 36 4B 76 

Dunng maxti. osteotomy (2) 3 2 1 70 40 51 78 

After maxl!. osteotomy (2) 3 1 2 74 44 59 78 

During lat. nasal nsteotomy (1) 1 1 1 77 47 58 77 

After lat. nasal osteotomy (1) 2 1 1 77 47 57 76 

Dunng lat. nasal osteotomy (2) 1 1 1 77 47 57 79 

After lat. nasal osteotomy (2) 1 1 2 81 42 55 7G -
Dunng septal osteotomy 1 1 1 77 37 48 74 

After septal osteotomy 3 1 1 71 34 47 77 

• 



• Table h 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

DUring inCISiOn (1) 1 1 1 98 43 60 86 

A hm IrlCISIOn (1 ) 2 2 1 101 46 64 85 

[)unng fldP retractlon (1) 2 2 2 98 46 63 87 

A her flap retractlon (1) 2 2 2 98 44 62 86 

Dunng inCISion (2) 2 1 2 101 45 62 87 

Aftm IncISion (2) 2 2 2 90 30 57 90 

Dunng flap retractlon (2) 3 1 2 95 41 58 89 

After f1ap retractlon (2) 2 1 1 90 41 59 90 

Dunng nasal dissection (1) 2 1 1 66 22 35 88 -
After nasal dissection (1) 1 1 1 59 21 33 88 

Dunng na~al dissection (2) 2 1 1 69 27 37 88 

After nasal dissection (2) 2 2 2 69 27 37 88 • Dunng maxil. osteotomy (1) 1 1 1 77 27 ':::0 85 

After maxil osteotonly (1) 1 1 1 68 24 36 84 

Dunng rnaxii osteotomy (2) 1 1 1 71 27 38 85 
-

After maxii osteotomy (2) 1 1 1 68 25 36 83 

Dunng lat nasal osteotomy (1) 1 1 1 81 29 44 81 

After lat. nasal osteotomy (1) 1 1 1 82 29 43 80 

Dunng lat nasal osteotomy (2) 1 1 1 80 28 41 81 

After lat. nasal osteotomy (2) 4 3 3 73 26 40 81 

DUring sf>ptal osteotomy 3 2 2 105 43 64 79 

After septéll osteotomy 3 2 1 87 34 52 81 

• 



• Table 7 Patient 14 

Evaluator Il .e.IQQçtJ)J~~~lJIQ 
Tlme Evaluator 1 Pulse 

A B Syst OI.lS Mean 

Dunng inCISion (1) 3 1 2 98 54 66 l~) 

After inCISion (1) 3 2 2 97 !JO 64 1!J 
------ t--------

During flap retractlon (1) 1 1 1 73 31 44 11 
----

After flap retractlon (1) 1 1 1 12 29 41 11 
1------ i---------

DUflns; inCISiOn (2) 2 1 2 73 29 41 11 
-

After InCI310n (2) 3 2 2 74 30 43 18 
--

Dunng flap retractlon (2) 1 1 1 74 34 46 11 
------

After flap retractlon (2) 1 1 1 76 36 46 If) 

Dunng nasal dissection (1) 1 1 1 77 37 48 IÜ 

After nasal dissection (1) 1 1 1 74 30 4:3 16 

Dunng nasal dissection (2) 1 1 1 79 43 52 16 
1-----

After nasal dissection (2) 2 1 1 79 41 51 76 • DUfing max". osteotomy (1) 1 1 1 66 34 4b 15 

After maxll. osteotomy (1) 1 1 1 70 37 46 75 
--

During maxil. osteotomy (2) 1 1 1 70 37 47 7~-,) 

---
After maxll. osteotomy (2) 1 1 1 69 37 41 15 

--
During lat nasal os teotomy (1) 1 1 1 67 37 46 /5 

-
After lat. nasal osteotomy (1) l 1 2 72 39 48 75 

-

Dunng lat. nasal osteotomy (2) 1 1 1 73 41 ~)O 75 

After lat. nasal osteotomy (2) 1 1 1 65 34 45 15 

Durmg septal osteotomy 2 1 1 70 39 48 74 --
After septal osteotomy 2 1 1 75 43 51 /4 

• 



• Table H Patient 15 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

DUrinn InCISion (1) 2 2 2 81 43 56 72 
- 1 
Alter inCISiOn (1) 4 3 3 88 53 53 74 

Dunno flap retractlon (1) 2 2 2 93 58 69 77 

Alter Ilap retractlon (1 ) 2 2 2 78 48 58 78 
t-' '- 1- -

Dunng Ir1CI~IOn (2) 2 2 2 78 47 57 78 

Alter inCISiOn (2/ 2 2 2 80 47 57 79 -
Dunng flap retractlon (L) 2 2 1 \ 70 41 52 78 1 -
After flap retractlon (2) 2 1 1 \ 61 37 47 78 

-
Dunng na~al dissection (1) 1 2 1 48 30 37 76 

After nasal dissection (1) 2 2 2 cl9 31 38 76 --
Dunng nasal dissection (2) 1 1 1 l;~ L!J 47 78 

- _. 
After nasal d.')sectlon (2) 1 1 1 6\, "0 47 78 • Dunng maxii osteotomy (1) 1 1 1 6( 42 51 77 -' 

Aft9r maxtl os teotomy (1) 1 1 1 60 3!J 48 76 --
Dunng maxii osteotomy (2) 1 1 1 62 1 41 50 77 1 

After maxtl osteotomy (2) 1 1 1 65 42 50 77 -, 
Dunng lat nasal osteotomy (1) 1 1 1 52 35 43 76 

Aftcr I,lt nasal osteotomy (1) 1 1 1 53 36 48 76 

DUllng lat nasal osteotomy (2) 1 1 1 54 36 43 77 

A fter lat nasal ostcotomy (2) 1 1 1 56 37 45 77 

Dunny septal osteotomy 1 1 1 60 39 48 77 

A fter septal osteotomy 1 1 1 60 39 48 77 

• 



• Table 9 Patient 16 

Evaluator Il fl100d PreSSl!~ 
Tlme Evaluator 1 t'ulse 

A B Syst DlilS Mean 

Dunng inCISion (1) 3 3 2 82 3'1 46 10 
-

A fter inCISiOn (1) 3 3 2 77 31 43 10 
f----- f------r----

Dunng tlap retractlon (1) 4 3 2 91 39 GO Gb 
------ f-------~-----

A fter flap retractlon (1) 3 2 2 90 38 51 GG 

Dunng InCISion (2) 4 3 2 82 34 4 !) 

~ --
Atter InCISIOrl (2) 4 3 2 82 34 45 68 

-- ---r-----
Dunng tlap retractlon (2) 4 3 2 80 34 4G 70 

-
After flap retractlon (2) 4 3 2 81 35 48 10 

-----
Dunng nasal dl3sectlon (1) 4 3 3 79 31 44 71 

A fter nasal dissection (1) 4 3 3 79 32 44 11 

Dunng nasal dissectIOn (2) 4 3 2 82 3S 47 68 

After nasal dissectIOn (2) 4 3 2 84 34 47 68 • Dunng max". osteotorny (1) 4 2 2 92 37 50 67 

Afte - max". osteotomy (1) 4 3 2 87 36 50 GB 

Dunng maxl!. osteotomy (2) 3 2 1 89 37 b2 GG 

After maxll. osteotomy (2) 2 1 1 91 38 53 ü6 
--

Dunng lat nasal osteotomy (1) 2 1 1 101 42 57 66 

After lat nasal osteotomy (1) 4 3 3 91 39 55 GB 

Dunng lat. nasal osteotomy (2) 2 1 1 102 45 64 66 

After lat nasal osteotomy (2) 3 2 1 100 40 58 G8 

Dunng septal osteotomy 4 2 2 100 44 59 lO 

After septal osteotomy 4 2 3 99 42 60 71 

• 



• Table 1 (J Patient 19 

Evaluator " Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng inCISiOn (1) 2 2 1 92 52 65 90 _. 
After inCISion (1) 3 2 1 84 45 58 88 

Dunng flap retractlon (1) 1 1 1 74 39 51 88 
-

After fI<lp retraetlon (1) 1 1 1 63 32 42 82 
e--

Dunng inCISion (2) 1 1 1 60 29 39 77 

Ahm Inc.lslon (2) 1 1 1 55 27 37 74 
-

Dunng flap relractlon (2) 2 1 1 58 28 38 75 

After flar retractlon (2) 2 1 1 60 29 39 74 

Dunng nilsJI dissection (1 i 1 1 1 80 40 53 76 

A her nasal dissection (1) 1 1 1 79 40 53 76 

DUrln{) nasal dissection (2) 2 1 2 72 38 49 76 

Aftûr nasal dissection (2) 2 1 1 74 38 50 74 • DUring maxtl osteotomy (1) 1 1 1 73 37 49 73 

After max" osteotorny (1) 1 1 1 76 38 51 71 

Dunng maxii astcotomy (2) 1 1 1 76 38 51 74 
-

After max" osteotorny (2) 1 1 1 75 38 51 73 

Dunng lat nasal osteotomy (1) 1 1 1 71 33 49 72 

Aher lat nasal asteotamy (1) 1 1 1 76 38 49 73 

Dunng lat nasal osteotomy (2) 1 1 1 74 36 49 73 

After lat. nasd: asteotomy (2) 1 1 1 74 38 50 73 

DUring septal asteotorny 1 1 1 75 37 49 73 

After septal osteotorny 1 1 1 74 38 50 72 

• 



• Table Il Patient 21 

Evaluator Il BlooctJ:!g~~lJ!~ 
Tlme Evaluator 1 Pulse 

A B Syst DldS Me.m 

Dunng inCISion (1) 3 3 3 118 64 82 {54 

After inCISion (1 ) 4 3 3 114 ~9 77 G6 
-- ---- -

Dunng flap retrac:tlon (1) 4 4 4 131 73 D2 JO 
---

Aft8r flap retractlon (1) 5 4 4 107 55 /2 70 
-----r-------

Dunng inCISion (2) 4 3 3 123 67 86 IG 

After inCISion (2) 5 3 4 11 1 61 18 G8 

Dunng flap retractlon (2) 3 4 4 122 67 85 73 

After flap retractlon (2) 5 4 4 120 68 85 TI 

Dunng nasal dissection (1) 3 4 4 114 !J9 77 7J 
r" 

After nasal dissection (1) 5 3 4 115 60 78 74 
-----

Dunng nasal dissection (2) 3 4 4 118 61 80 71 
--

After nasal dissection (2) 5 4 4 108 55 73 7b • Dunng maxii osteotomy (1) 3 3 3 133 72 92 73 

After maxll osteotomy (1) 5 3 3 131 70 90 GG 

Dunng maxll. osteotomy (2) 3 3 3 136 n 93 /1 
--

After maxii osteotomy (2) 5 4 4 126 67 87 13 

Dunng lat. nasal osteotomy (1) 4 3 3 129 66 87 75 

After lat. nasal osteotomy (1 ) 4 3 3 119 61 80 13 
-

During lat. nasal osteotomy (2) 3 3 2 119 62 80 7~' 

After lat. nasal osteotomy (2) 4 3 3 134 12 92 73 

During septal osteotomy 3 3 3 115 58 78 73 

After septal osteotomy 5 3 2 141 76 98 n 

• 



• l able 12 Patient 22 

Evaluator Il 1 Blood Pressure 
Timo Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng inCISion (1) 3 2 2 85 38 54 71 

After mCISlon (1) 3 2 2 80 35 50 72 

Durmg fldP retrat.tlon (1) 3 3 4 96 45 G2 72 

After flap retr dctlon (1) 4- 3 :1 93 43 60 72 

Dunng inCISion (7) 3 3 2 80 38 52 75 . 
After mCISlon (2) 4 3 3 83 39 54 77 

DUr/ng flap retractlOn (2) 3 3 3 87 40 56 77 

After flap retractlon (2) 3 3 3 82 39 53 77 

DUr/ng nasal dissectIOn (1 ) 2 3 3 68 31 43 77 

After nasal dissection (1) 2 3 3 70 31 44 77 

Dunng nasal dissection (2) 3 3 3 66 29 41 75 

After nasal dissection (2) 2 3 2 66 30 42 75 • 1---. 

DUr/ng maxii. osteotomy (1) 2 2 2 65 28 40 70 

After max" osteotomy (1) 3 2 2 73 31 45 71 

Dunng maxl!. osteotorny (2) 3 2 2 76 34 48 71 

After max". ostpotorny (2) 2 2 3 75 33 47 68 

Dunno lat ndsal osteotomy (1) 1 2 2 68 30 43 68 

After lat nasdl osteotomy (1 ) 2 2 2 72 31 45 68 

Ounng Iclt nasal osteotomy (2) 1 2 2 70 31 44 69 
-

After lat nasal osteotomy (2) 2 3 2 72 31 45 68 

OUr/ng septal osteotomy 2 3 2 79 33 48 66 

After septal osteotomy 2 2 2 75 33 47 67 

• 



• Table 13 Patient 1 

Evaluator Il mQQ!iEresslJr~ 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

ounng inCISion (1 ) 2 3 2 123 71 89 84 

After IncIsion (1) 2 3 2 119 70 86 82 

ounng flap retractlon (1) 1 3 2 1~6 86 103 85 

A fter trap retractlon (1\ . 2 2 138 86 103 86 1 

-

Dunng inCISion (2) 2 3 2 129 19 97 UB 
-----

After IncIsion (2) 2 3 2 126 78 96 BB 
---

Dunng flap retractlon (2) 2 2 1 139 87 106 91 
1-----

After flap reuactlon (2) 2 2 1 134 83 103 91 
.. _----

Dunng nasal dissection (1) 2 2 1 137 84 104 96 

A fter nasal dissection (1) 2 3 2 133 H:> 102 9~) 

Dunng nasal d,s:,ectlon (2) 2 2 1 130 78 96 !JS 
----

After nasal dissection (2) 2 2 1 127 TI 95 !JS • --- --~------

Dunng maxll osteotomy (1) 3 2 1 126 16 93 lOS 
- 1---

After maxll os teotomy (1) 3 2 1 124 14 90 lOf) 
----

Dunng maxll osteotomy (2) 3 1 1 133 87 98 117 
---

After max". osteotomy (2) 3 1 1 133 11 !JS 114 
1----

Dunng lat nasal osteotomy (1 ) 3 1 1 125 12 90 110 
--- --

A fter lat. nasal osteotomy (1) 3 i 1 123 71 Hl 110 
--f-----

Dunng lat nasal osteotomy (2) 3 1 1 119 68 84 108 
-- ------1-----

After lat nasal osteotomy (2) 2 1 1 121 56 82 108 

Dunng septal osteotomy 3 2 1 128 7G 93 112 
1--

After septal osteotomy 3 2 2 129 73 91 112 

• 



• Table 14 Patient 3 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng InCISion (1) 2 2 2 130 69 93 69 1 

A fter inCISion (1) 3 .... 2 121 63 88 69 "-

Dunng flap retractlon (1) 3 2 2 132 70 97 70 

After flan retractlon (1) 3 1 1 145 76 104 72 

Dunnl] InCISion (2) 3 1 2 137 78 100 68 
1-----

After IIlCI:-'lon (2) 4 2 2 147 79 103 69 

Dunnu fldP rctractlon (2) 4 2 1 135 71 98 72 

After fldf) retrdctlon (2) 2 1 1 139 74 98 71 
-"-

DUr/nn nasal dISC,I:ctlon (1 ) 1 1 1 134 64 97 67 

After n(ls(ll dissection (1) 2 2 2 127 64 92 A6 

DUr/nu n;!!:.al dissection (2) 2 2 2 124 64 85 68 

After ndSdl dl!:.'icctlOn (2) 2 2 2 119 61 83 66 • Dunng n\,lXtl o!:.teotomy (1) 1 1 1 125 64 86 64 

After max" osteotomy (1 ) 1 1 1 120 60 82 64 

Dunng maxtl ostpotomy (2) 1 1 1 134 72 95 60 
-

After max" osteotomy (2) 1 1 1 134 69 95 62 

Dunng Iclt nasal ostcotorny (1) 1 1 1 125 64 88 62 -
AftC'r lat nasJI osteotomy (1) 1 1 2 122 63 85 61 

Dunng lat nelsal ostcotorny (2) 1 1 1 121 82 86 64 

After IJt n.lscll osteotorny (2) 1 1 1 121 62 86 64 
f----

Dunng septal ostcotorny 1 1 1 131 68 90 63 

A fter sept,ll ostcotomy 1 1 1 132 69 9i 63 

• 



• Table 15 Patient 5 

1 

l Evaluator Il Blood l'J..Q~!iU~ 
Tlme Evaluator 1 Pulse 

A B Syst Dias Me,ln 

Dunng InCISion (1) 3 1 1 121 64 88 14 
--- -------

After inCISion (1) 3 2 1 175 66 91 tU 
1--- -- -------1--------

Dunng flap retractlon (1) 3 3 3 131 /3 91 64 

After flap retractlon (1) 4 3 1 171 66 94 G3 1 

----
Dunng IncIsion (2) 4 2 2 1 !) 1 BO 110 53 

--

After inCISiOn (2) 4 3 2 139 75 105 5G 

Dunng flap retractlon (2) 4 3 3 136 75 103 70 
-

After flap retractlon (2) 4 3 2 127 71 98 11 
--

Dunng nasal dissection (1) 3 3 3 117 65 90 n 
After nasal dissection (1) 5 3 3 115 63 88 10 - ---- ----
Dunng nasal dissection (2) 4 4 3 112 61 85 13 

---

After nasal dissection (2) 5 4 4 100 52 7'-.) 10 

• Dunng maxd ostcotorny (1) 1 1 1 10l 56 77 13 

Afler maxi/. osteotomy (1) 3 2 2 120 59 80 5B 

Dunng maxll osteotomy (2) 2 1 1 114 63 86 /5 --
After maxll osteotomy (2) 3 2 2 127 70 95 IG 

Dunng lat nasal osteotorny (1) 2 1 2 92 50 68 13 

After lat. nasal osteotomy (1 ) 3 2 3 121 58 b2 GB 

Dunng lat nasal osteotomy (2) 2 1 2 115 62 79 71 

After lat. nasal osteotorny (2) 3 2 2 98 50 71 70 

Dunng septal osteotomy 2 2 2 118 74 95 74 
- -

After septal ostcotomy 4 3 3 122 64 93 72 

• 



• Table 1 () Patient 6 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng InCI!>lon (1) 3 3 3 122 70 92 86 

A her inCISiOn (1) 4 3 3 120 69 89 81 

Dunng flan retractlon (1) 3 2 2 125 72 92 89 

A her flan retractlon (1) 2 2 2 121 69 92 87 

Dunng inCISion (2) 4 3 2 117 66 85 95 

Aftcr inCISion (2) 4 3 3 117 66 85 97 

Dunng flap retractlon (2) 4 4 3 122 71 88 104 

After flap retractlon (2) 2 1 1 119 68 86 102 _. 
Dunng nasal dlssflctlOn (1) 2 2 2 99 54 73 114 

After nasal dissection (1) 2 2 1 99 50 68 111 -
Dunng nasal dissection (2) 2 3 3 99 n8 73 108 

After nasal dissection (2) 3 2 2 • 95 53 70 105 • Dunng maxil. osteotomy (1) 2 2 1 120 70 88 85 

After maxii. osteotomy (1) 2 1 1 106 56 81 81 

Dunng maxll osteotomy (2) 2 1 1 124 77 86 83 

After maxil. osteotomy (2) 1 2 1 111 62 87 86 

Dunng lat. nasal osteotomy (1) 2 1 1 121 74 88 99 

After lat. nasal osteotomy (1) 2 1 2 123 74 92 90 

Dunng lat. nasal osteotomy (2) 3 2 2 125 74 92 91 

After lat nasal osteotomy (2) 3 2 3 127 72 94 90 

Dunng septal osteotomy 3 1 1 131 77 100 92 

After septal osteotomy 2 2 2 124 69 97 85 

• 



• Table 17 Patient 10 

Evaluator Il Blood Pressure 
Time Evaluator 1 Pulse 

A- B Syst Dias Mean 

During inCISiOn (1) 3 4 3 142 84 110 103 

After incisIOn (1 ) 5 3 3 145 86 114 112 

Dunng flap retractlon (1) 3 3 2 146 86 114 110 
f--

After flap retractlon (1) 5 3 2 151 92 115 112 

During inCISion (2) 4 3 3 139 82 110 115 

After inCIsion (2) 5 4 3 139 81 109 103 

During flap retractlon (2) 5 4 3 131 75 98 102 

After flap retractlon (2) 4 3 3 115 H2 83 107 

Dunng nasal dissection (1) 2 2 2 110 157 79 104 

After nasal dissection (1) 4 2 2 107 55 75 98 

Dunng nasal dissection (2) 3 3 2 115 59 78 96 

After nasal dissection (2) 4 3 2 110 57 75 91 • During maxll. osteotomy (1) 2 2 1 119 60 82 85 

After maxil. osteotomy (1) 3 2 1 113 58 81 83 

Dunng maxll. osteotomy (2) 2 j 2 135 71 94 85 

After maxil. osteotomy (2) 3 3 2 123 64 90 82 

During lat. nasal osteotomy (1) 3 2 2 119 61 83 85 

After lat. nasal osteotomy (1) 2 2 1 127 67 90 84 

Dunng lat. nasal osteotomy (2) 2 1 1 112 69 79 88 

After lat. nasal osteotcmy (2) 2 1 1 131 71 93 84 --
During septal osteotomy 3 3 2 127 67 91 80 

After septal osteotomy 2 2 1 127 65 92 83 

• 



• Table 18 Patient 11 

Evaluator Il Slood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng inCISion (1) 3 3 2 126 71 86 51 

A fter inCISion (1) 3 2 2 126 71 86 50 

Dunng flap retractlon (1) 4 3 2 134 73 93 43 

A fter flap retractlon (1) 3 2 1 131 69 89 43 

Dunng inCISion (2) 4 3 2 139 84 97 52 

After inCISion (2) 4 3 2 130 71 90 59 

Dunng flap retractlon (2) 4 3 2 133 71 9~J 60 

A fter flap retractlon (2) 3 3 2 139 73 93 56 

Dunng nasal dissection (1) 3 3 1 131 73 fj 1 63 

After nasal dissection (1) 3 3 3 131 73 91 63 

During nasal dissection (2) 3 3 2 124 68 88 65 

After nasal dissection (2) 4 3 3 125 69 88 65 • Dunng maxii. osteotomy (1) 3 2 1 114 62 77 63 

After max.1. osteotomy (1) 1 1 1 109 62 74 59 . 
Dunng max.1. osteotomy (2) 4 4 3 120 63 82 64 

After maxll. osteotomy (2) 2 3 1 98 54 76 67 

Dunng lat. nasal osteotomy (1) 1 3 2 104 57 71 64 

After lat. nasal osteotomy (1) 1 2 1 101 54 69 63 

Dunng lat. nasal osteotomy (21 3 2 1 121 70 82 63 

After lat. nasal osteotomy (21 3 3 2 113 62 80 67 

Dunng septal osteotomy 3 :1 2 123 71 84 64 

After septal osteotomy 3 3 2 112 64 84 64 

• 



• Table 19 Patient 12 

Evaluator Il Slood Pressure 
Tlme Evaluator 1 Pulse 

A S Syst Dias Mean 

During inCISiOn (1) 3 2 3 117 78 91 123 

After incision (1) 3 2 2 113 73 89 125 

Dunng tlap retractlon (1) 2 2 1 130 79 91 129 

After tlap retractlon (1) 3 1 2 112 72 87 129 
t--

During inCISion (2) 4 3 3 105 64 79 131 

After inCISion (2) 4 3 3 107 63 78 130 

During tlap retractlon (2) 3 2 2 107 63 79 129 

After flap retraction (2) 3 2 2 104 61 77 128 

Dunng nasal dissection (1) 2 1 2 105 60 76 127 

After nasal dissection (1) 2 1 1 105 59 75 125 

Dunng nasal dls:iectlOn (2) 3 2 2 107 64 78 122 

After nasal dissection (2) 2 2 1 107 64 78 121 • -
During maxil. osteotomy (1) 2 1 1 116 73 90 115 

After maxii. osteotomy (1) 2 1 1 110 70 85 114 

DL'nng maxll. osteotomy (2) 2 1 1 127 81 97 117 

After maxii. osteotomy (2) 2 1 2 115 73 91 118 

During lat. nasal osteotomy (1) 2 1 1 116 73 91 117 

After lat. nasal osteotomy (1) 1 1 2 114 92 1 87 117 

During lat. nasal osteotomy (2) 2 1 1 129 82 96 117 

After lat. nasal osteotomy (2) 2 1 2 122 76 92 117 

During septal osteotomy 2 1 1 120 78 90 118 

After septal osteotomy 2 1 1 121 77 95 117 
- -

• 



• Table 20 Patient 18 

Evaluator Il Slood Pressure 
Tlme . Evaluator 1 Pulse 

A S Syst Dias Mean 

Dunng inCISiOn ('j 1 3 2 2 97 56 74 70 

After mClslon (1) 3 2 2 100 59 75 77 

Dunng tlap retractlon (1) 4 2 2 123 76 91 76 

After tlap retractloi1 (1) 4 1 2 119 73 93 78 

Dunng inCISion (21 5 2 2 121 74 90 83 

After mClslon (21 5 2 3 100 59 76 92 

Dunng tlap retractlon (2) 4 1 2 117 69 87 91 

After tlap retractlon (21 5 2 2 121 72 93 94 

Dunng nasal dissection (11 3 1 2 109 64 80 110 

After nasal dl~sectlon (11 4 2 2 103 58 78 112 .. -
Dunng nasal dissectIOn (21 4 1 1 89 47 63 118 

After nasal dissection (21 3 1 1 87 45 62 116 • Dunno maxii. osteotomy (11 3 1 1 90 49 63 100 

After maxil osteotomy (11 5 2 2 95 52 67 95 

Dunno maxii. osteotomy (2) 3 1 1 111 65 79 96 

After maxii osteotomy (21 5 1 1 113 66 87 94 

Dunng lat nasal osteotomy (11 4 1 2 116 68 83 94 

After lat. nasal osteotomy (1) 5 1 2 126 77 93 92 

During lat. nasal osteotomy (2) 3 1 1 118 71 86 99 

After lat. nasal osteotomy (21 4 1 1 123 73 92 97 

Dunno septal osteotomy 4 1 1 125 75 92 96 

After septal osteotomy 5 1 2 113 66 89 96 

• 
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• Table 21 Patient 17 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

During inCISion (1) 1 1 1 95 46 61 Tl 

After inCISion (1 ) 2 3 2 96 48 63 76 

During tlap retractlon (1) 3 3 2 107 58 75 78 

After tlap retraction (1) 4 3 3 110 58 76 18 
--

Dunng inCISiOn (2) 1 2 1 11 C 59 77 80 

After inCISion (2) 3 3 2 111 57 78 79 

During tlap retraction (2) 3 3 2 118 61 80 80 

After tlap retraction (2) 4 3 2 114 59 80 80 

During nasal dissection (1) 4 4 3 116 59 80 79 

After nasal dissection (1) 4 3 3 115 58 77 77 

Dunng nasal dissection (2) 4 4 3 120 60 82 77 

After nasal dissection (2) 4 4 3 118 58 81 78 

• During maxll. osteotomy (1) 4 4 3 120 58 80 n 
After maxii. osteotomy (1) 4 3 3 121 59 81 70 

During maxil. osteotomy (2) 4 4 3 120 58 81 74 

After max'l osteotomy (2) 4 4 3 120 58 81 73 

During lat. nasal osteotomy (1 ) 4 4 3 128 61 83 71 

After lat. nasal osteotomy (1) 4 4 3 121 57 78 71 

Dunng lat. nasal osteotomy (2) 4 4 3 127 63 87 72 

Atter lat. nasal osteotomy (2) 4 4 3 127 63 87 71 

During septal osteotomy 4 4 3 130 63 90 75 

Atter septal osteotomy 4 4 3 114 54 79 78 

• 



• Table L L Patient 20 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean 

Dunng inCISion (1) 2 2 2 104 53 64 41 

After IncIsion (1) 3 3 2 105 56 72 42 
1-

Dunng flap rotractlon (1) 2 2 2 114 62 79 41 

A fter flap retractlon (1) 2 2 2 130 75 93 42 

DUring inCISion (2) 4 3 3 126 73 92 43 

After inCISion (2) 4 4 3 127 71 90 43 

Dunng flap retractlon (2) 3 3 3 120 68 85 43 

A fter flap retractlon (2) 2 2 2 128 74 92 46 

Dunng nasal dissection (1) 1 2 1 123 70 88 46 

After nasal dissection (1) 2 2 1 124 69 88 45 

Dunng nasal dissection (2) 3 3 3 115 63 80 46 

After nasal dissection (2) 3 2 2 115 63 80 45 

• Dunng maxii osteotomy (1) 2 1 1 126 71 89 46 

After max!! osteotomy (1) 2 2 2 129 68 88 47 

Dunng max!!. osteotomy (2) 3 3 2 140 80 100 48 

After maxii. osteotomy (2) 3 2 2 139 82 101 48 

Dunng lat nasal osteotomy (1) 3 2 1 123 68 86 47 

After lat. nasal osteotomy (1) 3 2 1 114 63 80 45 

Dunng lat nasal osteotomy (2) 2 1 1 120 66 84 44 

After lat. nasal osteotomy (2) 3 2 1 124 68 87 47 

Dunng sf>ptal osteotomy 2 2 1 130 75 93 45 

After septal osteotomy 2 1 1 130 75 93 45 

• 



• Table 23 Patient 23 

Evaluator Il Blood Pressure 
Tlme Evaluator 1 Pulse 

A B Syst Dias Mean _. 

During ln ci si on (1) 1 1 2 97 54 68 57 

After incision (1) 3 2 2 97 54 68 56 
. 

Dunng tlap retractlon (1) 2 1 2 110 67 81 67 

After tlap retractlon (1) 2 1 1 110 67 81 65 

Dunng inCISiOn (2) 3 1 2 105 58 74 60 

After inCISiOn (2) 3 2 2 106 63 77 60 

During tlap retraction (2) 3 1 2 107 64 78 62 

After flap rE:!tractlon (2) 3 1 2 115 71 86 68 

Dunng nasal dissection (1) 2 1 1 113 67 82 61 . 
After nasal dissection (1) 3 1 2 113 67 82 64 

During nasal dissection (2) 2 1 1 108 63 78 61 

After nasal dlssGction (2) 2 1 2 119 64 79 62 

• Dunng maxl!. osteotomy (1) 2 1 1 106 60 75 58 

After maxl!. osteotomy (1) 2 1 1 105 60 75 59 

During maxil. osteotomy (2) 2 1 2 121 73 89 64 

After maxil. osteotomy (2) 3 1 2 123 74 90 65 

Dunng lat. nasal osteotomy (1) 2 1 1 115 69 84 63 

After lat. nasal osteotomy (1) 3 1 2 118 70 86 63 

Dunng lat. nasal osteotomy (2) 2 1 1 114 68 83 62 

After lat. nasal osteotomy (2) 2 1 2 123 74 90 62 

During septal osteotomy 3 1 1 116 68 84 56 

Atter septal osteotomy 3 2 2 122 75 91 55 

• 


