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SUMMARY 

Background: Maxillofacial region being the most vulnerable and vascular part, may 

account for substantial blood loss especially in polytrauma cases. Impaired 

hemodynamics due to blood loss increases mortality and morbidity in trauma victims. 

Arrays of various pre-hospital and hospital procedures are available to reduce bleeding. 

Out of these, controlled hypotension during general anesthesia has been one of the 

effective tool in reducing intraoperative blood loss. However, its use in maxillofacial 

trauma (MFT) patients is relatively new and controversial especially due to the chances 

of accompanying traumatic brain injury. Thus, a Randomized Controlled Trial (RCT) 

was designed to estimate the effect of hypotensive anesthesia (HA) in maxillofacial 

trauma surgeries keeping an eye on regional cerebral oxygen desaturation as an early 

marker of adversity using NIRS (Near infrared spectroscopy) in both groups.  

Aim: To evaluate the effect of controlled hypotension (hypotensive anesthesia) in 

maxillofacial trauma patients when compared to conventional normotensive anesthesia. 

Methods: A prospective, double-blinded, double-arm RCT was conducted in which 

patients were randomly allotted into two groups. Group A (Control)- patients were 

treated with open reduction and internal fixation (ORIF) under standard normotensive 

anesthesia. Group B (Case)- Patients were treated with ORIF under hypotensive 

anesthesia after administration of Dexmedetomidine (0.2-0.7 mcg/kg/hour after a bolus 

dose of 1 mcg/hour over 10 mins). Various pre-operative, intra-operative and post-

operative parameters were analyzed.  

Results: Statistically significant lesser intra-operative volumetric blood loss in the 

hypotensive group in comparison with the normotensive group (p value<0.05) was 

found. HA group showed statistically significant better surgical field, surgeon’s 

satisfaction than normotensive anesthesia (NA) group. The cerebral perfusion was 

monitored by NIRS to look for vital (cerebral) organ hypoperfusion. However, no 

statistically significant difference was found in cerebral perfusion establishing the 

superiority of hypotensive anesthesia on risk versus benefit ratio.
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Conclusion: 

In our study, it can be inferred that hypotensive anesthesia is beneficial in reducing 

intraoperative blood loss and also improving the quality of the surgical field, but it did 

not result in a reduction in surgical time in MFT surgeries. No cerebral oxygen 

saturation was hampered by hypotensive anesthesia intra-operatively, making this 

technique useful in maxillofacial trauma surgeries without causing vital organ 

hypoperfusion.
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INTRODUCTION 

Maxillofacial trauma (MFT) occurs in a significant percentage worldwide and 

can exist as an isolated injury or in association with other systemic injuries. Polytrauma 

patients with associated  maxillofacial injuries (MFT positive) were more commonly 

seen with severity of concomitant cervical spine and head injury (62.6%) in contrast to 

those without associated maxillofacial injuries (34.8%) (1).  

Major MFT cases can be life threatening from both airway obstruction and 

cardiovascular point of view because of its extensive vascularity. The average estimated 

intra-operative blood loss in various maxillofacial surgeries ranges from 

343.3+256.3mL, in which trauma surgeries have less than 300mL blood loss (2). 

However, it is important to ascertain that this intra-operative blood loss is 

compromising the already compromised hemodynamic status of the patient due to the 

probable multiple injuries and previous blood losses. 

Focusing on intraoperative blood loss, various local methods have been used 

like intravenous tranexamic acid, topical hemostatic anesthetic solutions, aprotonin to 

control the intraoperative bleeding. Hypotensive anesthesia is basically controlled 

hypotension induced during GA to decrease bleeding and enhance the surgical site 

according to the age of the patient, pre-operative blood pressure and past medical 

history. It usually involves lowering the mean arterial blood pressure (MAP) by 30% 

of the patient’s MAP. The systolic blood pressure (SBP) is kept under 90 mmHg and 

MAP below 65 mmHg.  

Harvey William Cushing invented this technique in 1917 during intracranial 

surgery but Gardner introduced this to the routine surgical procedures in 1946 (3). 

Reduced surgical bleeding and improved surgeon's vision was the outcome during the 

surgery. First study on hypotensive anaesthesia in craniofacial region was done by 

Schaberg et al. in 1976 (4).  

Sufficient literature on HA for reducing blood loss is available in cardiac 

surgeries, neurosurgeries, spinal surgeries, numerous maxillofacial surgeries. Although 

in maxillofacial specialty, trial showing benefits of HA are available in cleft lip and 

palate surgeries, orthognathic and tumor resection surgeries (5)(6)(7).  



Introduction 
 

4 

Hypotensive anesthesia lowers the mean arterial pressure and permits a feasible 

plane of anesthesia at a decreased anesthetic requirement thus allows rapid recovery 

and improved wellbeing of the patient post operatively in addition to reduced blood 

loss. Several inhalational anesthetic drugs, beta-blockers (esmolol and propranolol), 

vasodilators (nitroglycerin and sodium nitroprusside), alpha-adrenergic agonists 

(clonidine and dexmedetomidine) and calcium channel blockers can be used to produce 

controlled hypotension.  

In our study, dexmedetomidine has been used as a drug of choice for 

intervention. Dexmedetomidine is an imidazole derivative, highly selective alpha2 

adrenergic agonist which reduces blood pressure, heart rate, cardiac output and 

norepinephrine release. It is primarily an effective sedative and anxiolytic agent (8). It’s 

elimination half life (t1/2) is 2 hours and a short redistribution half life is 6 minutes, 

making it a perfect drug for intravenous titration (9). Absence of any episode of reflex 

tachycardia or rebound hypotension are the chief advantages of this drug as the 

sympathetic nervous system is inhibited. 

Hypotensive anesthesia seems to have danger of hypoperfusion, thus hampering 

adequate tissue oxygenation which is very important for normal aerobic metabolism in 

the body. Failure to detect occult regional ischemia at the systemic level, may have 

implications in morbidity and mortality with the use of HA. Therefore, early detection 

methods for assessing the vital organ perfusion e.g. brain and heart would be beneficial 

in HA. Traditionally, invasive tools like Clark type needle electrodes and those which 

relied on toxic dyes for example, palladium phosphorescence were used. NIRS has been 

a broadly clinically used technique to assess cerebral oxygenation (rSO2) during 

various surgeries. 

However, the use of Hypotensive Anesthesia in MFT patients is relatively new 

and controversial (8). In the emergent operations of trauma patients sustaining severe 

injuries to face and neck or pan-facial trauma, bleeding is difficult to control. The 

hypotensive approach may limit bleeding but could aggravate any pre-existing 

associated clinical or occult brain injury.   

 With no literature support available in the use of hypotensive anesthesia in 

much vascular maxillofacial trauma surgeries, this RCT was designed to evaluate for 

the effect of hypotensive anesthesia in maxillofacial trauma patients with an account of 
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cerebral perfusion. The chief objective was to measure intraoperative blood loss, 

surgical field optimization with HA when compared to NA. Mainstay of our study was 

to adequately detect the prevalence of regional cerebral oxygen desaturation as an early 

marker of adversity using NIRS in both groups, along with the intra-operative and post-

operative complications. 
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REVIEW OF LITERATURE 

Dolman et al. in 2000 (10) conducted a Randomized controlled trial for 23 patients to 

compare the quality of surgical field, blood loss and operative time with either 

normotensive and hypotensive anesthesia during Le fort osteotomies. The quality of 

surgical field was assessed intra-operatively by direct observation and again post 

operatively using video imaging. A standardized rating scale was applied at specific 

intervals by surgeons blinded to the anesthetic technique. The surgical time was 

measured on the video tape and blood loss was measured by volumetric and gravimetric 

techniques. There was a statistically significant correlation between the surgeon’s 

perception of the quality of the surgical field and significant reduction in blood loss of 

120.3+70.4mL when using hypotensive anesthesia whereas, 270.2 +153.6mL using 

normotensive anesthesia. However, there was no statistically significant reduction in 

operative time when using hypotensive anesthesia. 

Boehm et al. in 2001 (11) conducted a prospective randomized study investigating 

influence of normotensive and hypotensive anesthesia on platelet aggregability, intra-

operative blood loss and parameters of plasmatic coagulation during orthognathic 

surgery. 30 patients were randomly allocated into 2 groups, first maintained by infusion 

of propofol and remifentanil, second induced by remifentanil or nitroglycerin. 

Normotensive anesthesia caused significant decrease in platelet count (29%), PT 

(24%), fibrinogen (41%) and antithrombin (28%) and significant prolongation of APTT 

(21%) and thrombin time (18%), whereas hypotension did not. A negative correlation 

was observed among intra-operative arterial blood pressure, post-operative platelet 

count and routine coagulation parameters in cases of induced hypotension but it showed 

a reduced intra-operative blood loss, irrespective of the anesthetic regime. Comparison 

of the two anesthetic regimens for the hypotensive aesthesia revealed no significant 

difference in regard to platelet aggregability and parameters of plasma coagulation, 

except for fibrinogen. 

Praveen et al. in 2001 (12) conducted a prospective randomized clinical study on 53 

patients to find out whether hypotensive anesthesia minimized blood loss during 

orthognathic surgery. The patients were randomly allocated to either normotensive or 

hypotensive anesthesia group. Median blood loss under hypotensive anesthesia was 

200mL and under normotensive anesthesia was 350mL and those for maxillary 
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segmental osteotomy under hypotensive anesthesia was 85 mL as compared to 175mL 

under normotensive anesthesia. Therefore, pronounced reduction in blood loss was 

concluded under hypotensive anesthesia compared to normotensive anesthesia. 

W. S. Choi et al. in 2008 (4) conducted a systemic review regarding the risks and 

benefits of hypotensive anesthesia was performed using MEDLINE with PubMed and 

Ovid (National Library of Medicine) and the Cochrane Library from January 1966 to 

June 2007 was done. A total of 833 potentially relevant articles were retrieved and 

examined. They concluded that hypotensive anesthesia is most valuable in a lengthy 

operation where a large amount of blood loss and consequent blood transfusion are to 

be expected. 

J. Ervens et al. in 2010 (7) conducted a a prospective, single-blinded, randomized 

controlled clinical study in which 60 healthy patients requiring either Le Fort I 

osteotomy or bimaxillary surgery were randomly allocated to receive normotensive 

anesthesia, induced hypotensive anesthesia, or induced hypotensive anesthesia 

combined with isovolumic hemodilution. They concluded that combining multiple 

blood-sparing strategies (i.e. induced hypotensive anesthesia, moderate anemia, 

consistent intra-operative hemostasis, head-up position) can help to minimize blood 

loss and transfusion requirements even during complex orthognathic surgery. 

Scheeren et al. in 2011 (13) had reviewed NIRS offers non-invasive online monitoring 

of tissue oxygenation, to measure cerebral oxygenation (rSO2) in various surgeries 

which may prevent post-operative complications. It may be used, even when systemic 

markers (e.g., blood pressure) are still within the normal range. However, it has 

complications as the unknown contribution of myoglobin in the NIRS measurement 

and NIRS monitoring is relatively expensive. 

Neamat I. Abel Rahman et al. in 2013 (14) conducted a blinded randomized 

controlled trail of 45 patients, aged from 18 to 50 years, ASA physical status I and II, 

underwent endoscopic sinus surgery were enrolled in the study. They concluded that, 

dexmedetomidine regimen as pre-induction bolus dose 1 lg/kg iv followed by post-

induction continuous iv infusion 0.8 lg/kg/h significantly decreased the MAP to the 

target level without the need of an additional hypotensive agent nitroglycerine, and it 

provides the excellent surgical field quality when compared to other regimens.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/le-fort-i-osteotomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/le-fort-i-osteotomy
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Abu Dakir et al. in 2014 (15) did a pilot study on 12 patients divided in two equal 

groups to assess the efficiency of the usage of tranexamic acid on reduction of 

hemorrhage in maxillary and mandibular trauma. Group I received tranexamic acid 

(10mg/kg) just before induction of anesthesia and group II received normal saline. 

Tranexamic acid significantly reduced the volume of blood loss during the surgery 

when compared with the control group (489.17+106.7 mL versus 900.83+113.7 mL). 

The average drop in hemoglobin was 2+1.4 g% in the tranexamic group and 4+1.09 g% 

in the saline group. Therefore, pre-operative intravenous bolus administration of 

tranexamic acid at 10 mg/kg reduces blood loss compared with placebo during the 

surgery. 

Prashant et al. in 2014 (5) had studied 30 patients out of which, 14 underwent 

unilateral cleft lip surgery, 10 patients underwent SABG surgery and 6 underwent 

Lefort I osteotomy surgery, divided equally into control and study groups each. 

Estimation of blood loss, quality of the surgical field and duration of surgery was 

calculated for both control group using normotensive anesthesia and study group of 

hypotensive anesthesia. EBL was significantly less in all the procedures carried out 

under hypotensive anesthesia, in cleft lip surgery (110.2857mL vs 95.7143mL), in 

secondary alveolar bone graft surgery was 111.00 mL vs 140.80 mL. The mean EBL in 

Lefort I surgery was 254.00 mL vs 163.33 mL. The quality of the surgical field was 

better in cases with induced hypotension, but there was no significant difference in 

duration of the procedures with and without induced hypotension. 

Maghawry et al. in 2014 (16) conducted a prospective, randomized, double blind study 

to compare the prevalence of rSO2 during hypotensive anesthesia induced by intra-

operative intra-venous infusion of either dexmedetomidine or esmolol in patients 

undergoing elective arthroscopic shoulder surgery in the BCP. No statistically 

significant difference between the 2 groups in regard to mean arterial blood pressure, 

heart rate and duration of surgery. However, statistically significant decrease in rSO2 

was obtained in esmolol group (66.3+4.4) as compared to dexmedetomidine group 

(70+3). Moreover, BCP significantly decreases rSO2, with further slight decrease of 

rSO2 with dexmedetomidine and esmolol induced hypotension. Dexmedetomidine and 

esmolol are safe drugs with better safety of dexmedetomidine over esmolol. 
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Michal Barack et al. in 2015 (17) reviewed the medical literature regarding 

hypotensive anesthesia during major maxillofacial surgery, the means to achieve it, and 

the risks and benefits of this technique, in comparison to normotensive anesthesia. He 

reported that since hypotensive anesthesia can reduce the extent of intra-operative 

bleeding and can potentially improve the quality of the surgical field conditions, it is 

considered to be beneficial. However, it carries the risk of hypoperfusion in vital organs, 

therefore, normotensive or modified hypotensive anesthesia should be used for patients 

with ischemic heart disease, carotid artery stenosis, disseminated vascular disease, 

kidney dysfunction, or severe hypertension who are scheduled to undergo a major 

maxillofacial operation. 

Ettinger et al. in 2016 (18) did a retrospective cohort study comprising of 117 patients 

to evaluate the impact of induced hypotensive anesthesia on length of hospital stay 

(LOS) for patients undergoing maxillary Le Fort I osteotomy in isolation or in 

combination with mandibular orthognathic surgery. The results suggest that 

hypotensive anesthesia has the potential to shorten the duration of post-operative 

hospital stay with median 47.5 hours in normotensive anesthesia compared to median 

45.9 hours in hypotensive anesthesia. However, Induced hypotensive anesthesia was 

not statistically associated with shorter duration of surgery. 

Susie Lin et al. in 2016 (19) did a systematic review and meta-analysis of the 10 RCTs 

involving 358 patients who had undergone orthognathic surgery; 178 under 

hypotensive anesthesia and 180 were control patients. The estimate of total blood loss 

indicated that hypotensive anesthesia significantly reduced intra-operative blood loss 

compared with the control group with a mean difference of 168.98 mL. There was no 

statistically significant reduction of operation time between the hypotensive group and 

the control group with mean difference of 9.46 minutes, but the quality of the surgical 

field was improved. Subgroup analysis indicated that for blood loss in double jaw 

surgery, the weighted mean difference favored the hypotensive group, with the 

reduction in blood loss of 175mL, but no statistically significant reduction in blood loss 

was found for anterior maxillary osteotomy. If local anesthesia with epinephrine was 

used in conjunction with hypotensive anesthesia, the reduction in intra-operative blood 

loss was increased to 254.93mL. 
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Patel et al. in 2018 (20) conducted RCT comparing Dexmedetomidine (group D) and 

Nitroglycerin (group N), consisting of 20 patients each, for Controlled Hypotensive 

Anesthesia in Functional Endoscopic Sinus Surgery. They reported no significant 

difference in duration of surgery, 122.3+19.02 mins (group D) and 111.8+25.51 mins 

(group N). There was significant decrease in pulse rate; 15 min onwards in Group D, 

whereas increase in pulse rate in Group N. Optimum quality of surgical field as 

indicated by average category scale (ACS) of 2-3 was attained. Not much difference in 

amount of blood loss in both groups (160.8+28.11 mL vs 168.5+24.12 mL). It was 

concluded that both dexmedetomidine and nitroglycerine are safe agents for controlled 

hypotension and are effective in providing ideal surgical field, however, 

Dexmedetomidine has an added advantage of maintaining better cardiovascular 

stability as compared to Nitroglycerine. 

Sharma et al. in 2020 (21) conducted prospective, randomized clinical trial including 

36 patients who had undergone orthognathic surgery under general anesthesia. The 

patients were divided into 2 groups. The DT group received an intravenous bolus of 

tranexamic acid (15 mg/kg) and intravenous dexmedetomidine (0.25 to 0.7 mg/kg/hr.) 

as maintenance infusion. The DS group received only intravenous dexmedetomidine at 

the same dosage. The surgeon reported a significantly better surgical visual field in the 

DT group compared with that in the DS group. Also, the intra-operative blood loss 

significantly less in the DT group (231.11+137.64 mL vs 360.17+187.86 mL). 

However, no statistically significant differences were found in the baseline 

characteristics between the 2 treatment groups. 

Shimelis Seid Tegegne et al. 2020 (22) conducted a systemic review in which a total 

of 6250 potentially relevant studies were retrieved and examined, however only 42 

articles were grouped under high level evidence (6 meta-analysis studies, 9 systematic 

reviews and 27 articles were RCTs). They concluded that Hypotensive anesthesia 

protocol allowed perfect hemostasis control significantly with shorter operative time 

compared with other intra-operative controlling mechanisms for prevention of surgical 

site bleeding. 
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AIMS AND OBJECTIVES 

AIMS 

1. To evaluate the effect of anesthesia with controlled hypotension (hypotensive 

anesthesia) in maxillofacial trauma patients when compared to conventional 

normotensive anesthesia. 

OBJECTIVES 

1. Primary objective:  

To estimate the optimization of the surgical field in hypotensive and normotensive 

anesthesia in maxillofacial trauma patients. 

2.   Secondary objectives: 

a. To estimate the difference in blood loss in hypotensive and normotensive anesthesia 

in maxillofacial trauma patients. 

b. To compare the prevalence of regional cerebral oxygen desaturation as a marker of 

adversities using NIRS in hypotensive and normotensive anesthesia in maxillofacial 

trauma patients. 

c. To estimate the intra-operative and post-operative complications in both the groups. 

RESEARCH QUESTION 

Does maxillofacial surgical field improve with the use of controlled hypotension during 

general anesthesia? 

NULL HYPOTHESIS 

Maxillofacial surgical field characteristics doesn’t vary with controlled hypotension 

during general anesthesia.
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MATERIALS AND METHODS 

A prospective, double blinded, double arm RCT was conducted in the Oral and 

Maxillofacial Surgery (OMFS) section in the Department of Dentistry, AIIMS Jodhpur 

after procuring ethical clearance from the Institutional Ethics Committee 

(AIIMS/IEC/2021/3365). This trial was performed strictly according to the 

Consolidated Standards of Reporting Trials (CONSORT) guidelines. 

A total of 175 patients were analyzed from 15th March 2021 till November, 

2022. Out of which, 114 trauma patients were registered after the written informed 

consent was taken and fulfilling the following inclusion and exclusion criteria. 

SELECTION CRITERIA 

While selecting the patients, the following criteria were used- 

Inclusion criteria: 

1. Patients who gave written informed consent to be a part of the study. 

2. Patients posted for ORIF for maxillofacial trauma. 

3. Patients in the age group between 16 to 65 years, of either sex. 

4. Patients with minimal comorbidities- ASA I, II. 

5. Absence of pre-existing maxillofacial pathologies especially any odontogenic 

tumor, cyst, neuralgias, TMDs and MPDS. 

Exclusion criteria: 

1. Age >16 years and <65 years. 

2. Patients with severe debilitating conditions such as uncontrolled diabetes mellitus, 

uncontrolled hypertension, cardiorespiratory conditions, previous history of 

cerebrovascular accidents, myocardial infarction, coronary artery disease. 

3. All pregnant and lactating females. 

4. Patients on antiplatelet/anticoagulant therapy. 

5. Patients with concomitant head injuries, cervical spine injuries or debilitating 
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thoracic or abdominal trauma. 

SAMPLE SIZE CALCULATION 

The sample size calculated was a total of 82 cases, with a 95% confidence 

interval with the power of the study assumed to be 80%. 

Sample size was calculated by the following formula: 

    n = [Z (1-α) + Z (1-β)]
2  2 Sp

2 

  µ2
d 

    n =41 

 

Z (1-α) = 1.64 standard normal variable of 5% level (one side) 

 

      Z (1-β) = 0.842 power at β=20% 

 

      Sp
2   = Pooled Variance = (7.18)2 = 51.55 

 

      µd   = Mean difference 

Hence, a minimum of 41 cases were enrolled in each of the groups (Total = 82). 

SAMPLE SIZE: 

The maximum patients in the period of 16 months were screened and included 

in the study, thus 32 extra patients were taken from the calculated sample size of 82, 

bringing the sample size to 114. 

SAMPLING FRAME: 

The sampling frame consisted of 40 patients were randomized. As per the 

available time, a total of 3 sample frames were taken. 
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STUDY POPULATION 

The study constituted a sum of 114 trauma patients, 56 patients in the 

intervention group and 58 patients in the control group. They were recruited as per 

inclusion and exclusion criteria.  

Trial Design 

This study was a single center, parallel group with active control, randomized   

controlled trial with an allocation ratio of 1:1 using block randomization. 

Randomization 

Block randomization using the Randomization Allocation Software 2.0 was done, 

and the code generated were sealed in sequentially numbered opaque sealed envelopes 

(SNOEs) for allocation concealment. This sequence generation and patient allocation 

was done by and individual separately who was not related to the trial. Pre-operatively, 

the randomization code was taken out and the patients were allotted to one of the 2 

groups according to the randomization code. 

1. Group A (Control): Patients were treated with Open Reduction and Internal 

fixation (ORIF) under standard normotensive anesthesia. 

2. Group B (Case): Patients were treated with ORIF with hypotensive anesthesia after 

administration of dexmedetomidine (0.2-0.7 mcg/kg/hour after a bolus dose of 

1mcg/hour over 10 mins). 

Blinding 

The study was double blinded, wherein the patient and surgeon were blinded to 

the intervention. SNOE was opened once the patient was moved to pre-operative area. 

Both the arms of the study were carried out when the patient was under general 

anesthesia, which ensured patient was blinded. Every effort was made to ensure surgeon 

blinding by ensuring that multipara monitor screen was away from the site of surgeon. 

The syringes used for drug administration were covered by sterile drape sheets.  
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Procedure  

Routine investigations for the pre-anesthetic check-up were done for all the selected 

MFT patients. A stepwise surgical procedure was performed: 

1. Step No. 1 (Induction of anesthesia): GA was induced by submental/ nasotracheal 

intubation. The throat pack was placed using Magill forceps. 

2. Step No. 2 (Patient preparation): The patient was made to lie supine on the operation 

table with neck extension using a shoulder bag. The patient was painted and draped 

under sterile conditions. 

3. Step No. 3 (Infiltration): A local infiltration of lignocaine with adrenaline 

(1:200,000) was given along the planned incision site. 

4. Step No. 4 (Incision): By using a No.15 Bard-parker blade, extraoral or intraoral 

incisions were given progressively in layers depending on the site of fracture. 

5. Step No. 5 (Exposing the fracture site): Subperiosteal dissection was done to reflect 

the periosteum and the fractured bony sites were exposed. 

6. Step No. 6 (Intermaxillary fixation): The upper and lower teeth were brought in 

occlusion and fixed with intermaxillary wiring. 

7. Step No. 7 (Anatomic reduction of fracture segments): The fracture segments were 

reduced into their anatomic position. 

8. Step No. 8 (Simplification of fracture): In case of multiple fracture segments, 

simplification of fracture was done with wires or miniplates. 

9. Step No. 9 (Fixation of fracture segments using miniplates or wires): Fixation of 

the fracture segments in their reduced anatomic position was done with miniplates 

and screws. 

10. Step No. 10 (Irrigation of surgical field): Copious irrigation of the field was done 

with normal saline and betadine. Depending upon the surgical site contamination, 

antibiotic wash was also used, if needed. 

11. Step No. 11 (Closure with sutures): The surgical site was closed with 3-0 vicryl 

sutures intra-orally and 3-0 vicryl and 4-0 prolene sutures in case of extraoral 

approach. 

12. Step No. 12 (Patient extubation): Throat pack was removed. The general anesthesia 

was reversed, and finally patient was extubated. 

13. Step No. 13 (End of surgery): Patients were shifted to the ward after stabilization 

and post-operative instructions were given. Strict perioperative monitoring of the 

patients in both the groups was done and the structured proforma was filled. 
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PARAMETERS 

All the patients of both the groups (intervention as well as control) were 

assessed and the readings were noted in a previously designed proforma.  

Parameters assessed were: 

Preoperatively: 

1. Patient’s demographics along with randomization code. 

2. Hemoglobin level/ Hematocrit level 

3. Coagulation profile (Platelet count, Prothrombin time, INR, APTT, Fibrinogen)  

4. Mean arterial blood pressure (average of 3 readings) 

5. Baseline Pulse rate (average of 3 readings) 

6. Oxygen saturation (average of 3 readings) 

Intraoperatively: 

Monitoring was done based on surgeon’s and anesthetist’s perspective. 

1. Surgical field characteristics (assessed by operating surgeon) 

a. Quality of surgical field was estimated by Average Category Scale 

(adopted from Fromme et al.) at every 30 minutes once the Target MAP 

was reached. 

b. The duration of surgery from incision to closure 

c. Surgeon’s satisfaction regarding the surgical field was measured by using 

6 point Likert Scale. 

d. Any pauses during surgery with their cause were recorded. 

2. Patients were continuously monitored for ECG, pulse rate, invasive arterial blood 

pressure, oxygen saturation and EtCO2 (end-tidal carbon dioxide). 

3. Intraoperative ABG was noted, when needed. 
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4. Estimated blood loss during surgery was assessed at the end of surgery by: 

a. Volume collection in Suction and gauge pieces 

5. Patients were observed for intra-operative complications in the form of: 

a. Bradycardia 

b. Reflex tachycardia 

c. Myocardial infarction 

d. Arrythmias 

6. Cerebral oxygenation as an indicator of vital organ perfusion using Near Infrared 

Spectroscopy (NIRS). 

7. Time for Intubation/ Extubation. 

8. Any alternate intervention if required. 

Postoperatively: 

1. Hemoglobin levels 

2. Hematocrit levels 

3. Monitored for complications like nausea/vomiting, bradycardia, hypotension, 

shivering, myocardial infarction, renal failure, and cardiovascular accident for a 

period of up to 24 hours. 

4. VAS Pain score at time intervals of 6 hours, 12 hours, and 24 hours 
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STUDY TOOLS 

The following study tools were used 

1. Average Category Scale (adopted from Fromme et al.) 

5 Massive uncontrollable bleeding 

4 Bleeding, heavy but controllable, that significantly interferes with 

dissection 

3 Moderate bleeding that moderately compromises surgical dissection 

2 Moderate bleeding, a nuisance but without interfering with accurate 

dissection 

1 Bleeding so mild it is not even a surgical nuisance 

0 No bleeding, virtually bloodless field. 

2. A Likert scale is a psychometric scale composed of questionnaires, used to 

represent people's opinions and attitudes to subject matter. This scale has been used 

to rank surgeon's satisfaction at the end of surgery. 

 

3. A Visual Analogue Scale (VAS) is often used in clinical research studies to 

objectify  the amount of pain that a patient feels ranging across a reading from none 

(0) to an extreme amount of pain (10) according to the patient's perspective. 
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4. Near Infrared Spectroscopy (NIRS) provides a non-invasive monitoring of tissue 

oxygenation in clinical situations, widely used to measure cerebral oxygenation 

(rSO2) during surgeries. The oxygenated blood appears red whereas de-oxygenated 

blood appears dark ranging from blue to black, because of the difference in 

absorption pattern between them, and thus in their apparent optical spectrum. It has 

a light source which generates NIR light, with a characteristic wavelength. Real-

time assessment of regional (cerebral) oxygenation (rSO2) is performed using 

sensors placed on the patient’s forehead with an attached monitor giving the 

readings in percentage form. 

                            

FIGURE 1: NIRS Monitor  FIGURE 2: NIRS sensor probe 

attached on forehead 

 

FIGURE 3: Pictographic representation of the NIRS sensor monitoring light 

path. 

a) Single light source, b) Dual light source (Zhong W et al. 2021) (23) 
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STATISTICAL ANALYSIS 

All the data was entered into excel sheet and analyzed using SPSS software 

version 22 (IBM Com. Ltd Newark, USA). Categorical data (age code, Sex, fracture, 

ORIF site, Surgeon’s satisfaction) was described using frequency and percentage, and 

numerical data was expressed as mean (SD) for normality distributed data and median 

(IOR) for not normally distributed data. Normally test was done using Shapiro-Wilk’s 

test, Skewness, and Kurtosis analysis. Categorical data was analyzed using chi-square 

test. For NIRS, surgical field, pulse, MAP, Spo2, ETCO2, and VAS data was normally 

distributed, and data collected in form of ratio scale. Hence parametric statistical test of 

inference was applied, and repeated measure ANOVA was used for analysis of these 

variables. For post-operative Hb and HCT data was normally distributed, and data 

collected in form of ratio scale. Hence “t” test was used for analysis of these variables. 

Post HOC Bonferroni analysis was used for multiple comparison. For all the statistical 

analysis, a P-value less than 0.05 was considered as statistically significant.  
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STUDY FLOW CHART 

 
 

 

ETHICAL CLEARANCE TAKEN 

SCREENING (INCLUSION/EXCLUSION) DONE  

CONSENT TAKEN 

PRE-OPERATIVE DATA COLLECTED 

RANDOMIZED INTO 2 GROUPS 

 

Group A 

(Control Group) 

 

Patients were treated with ORIF under 

standard normotensive anesthesia. 

 

 

 Group B 

(Case Group) 

 

Patients were treated with ORIF with 

hypotensive anesthesia after 

administration of dexmedetomidine (0.2-

0.7 mcg/kg/hour after a bolus dose of 

1mcg/hour over 10 mins). 

   

Intra-operative parameters were assessed 

 

 

Patients were extubated 

 

 

Post-operative parameters were assessed for 24 hours 
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CLINICAL CASES 
 

A. MANDIBULAR FRACTURES 

 

   
 

FIGURE 4: Pre-operative clinical photograph and occlusion in mandibular fracture 

 

 

 

 
 

FIGURE 5: Pre-operative radiographs depicting mandibular fracture at various 

sites 

A- Right parasymphysis fracture, B- Left subcondylar fracture 

 

 
 

FIGURE 6: 3D Reconstruction of CT scan images depicting mandibular fracture at 

various sites 
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FIGURE 7: Intra-operative fracture site exposure and plating 

A- Right parasymphysis, B- Left subcondylar 

 

 

 

 

 

 

 

 

 

 

 

          FIGURE 8: Post-operative clinical photograph of occlusion of the patient 

 

 

 

 
 

FIGURE 9: Post-operative radiograph showing fracture plating 
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B. MIDFACE AND MANDIBULAR FRACTURE 

 

      
 

FIGURE 10: Pre-operative clinical photograph and occlusion in midface and 

mandibular fracture 

 

 

 
 

FIGURE 11: Pre-operative radiographs depicting midface and mandibular fracture 

at various sites 

A- Right parasymphysis, B- left subcondylar fracture, C- Left F-Z fracture, D- left 

zygomatic buttress fracture 

 

 

 

FIGURE 12: 3D reconstruction of CT scan images depicting midface and 

mandibular fracture  
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FIGURE 13: Intra-operative fracture site exposure and fracture site plating 

 

 

 

 

 
 

Figure 14: Post-operative occlusion of the patient 

 

 

 

 

 
 

Figure 15: Post-operative radiograph showing fracture plating
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RESULTS 

A total of 175 patients with maxillofacial fractures who had presented to the 

Emergency and Trauma Centre and Department of Dentistry, AIIMS Jodhpur were 

analyzed as per the inclusion and exclusion criteria from 15th March, 2021 till 

November 2022. Sixty-one patients were excluded from the study out of which 17 

patients had other distracting thoracic and abdominal injuries, 25 patients were 

excluded due to associated head injuries, 2 patients were excluded due to their medical 

condition such as uncontrolled hypertension. In 8 patients, extraoral approach through 

bi-coronal or hemi-coronal flap was taken and remaining 4 patients had denied the 

surgery. Thus, 114 patients were finally recruited in the study without any attrition in 

the follow up period. The CONSORT (“Consolidated Standards of Reporting Trials”) 

flowchart of this study is shown. 
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CONSORT FLOW DIAGRAM 

 

 

 

FIGURE 16: CONSORT flow diagram 

Enrollment 
Assessed for eligibility (n=175) 

  Allocated to Normotensive (Control) (n= 58) 

 Received allocated intervention (n=57) 

 Did not receive allocated intervention (n=1)    

Allocated to hypotensive (Case) (n=56)   
 Allocation  

 

    Received allocated intervention (n=55) 

  Did not receive allocated intervention (n=1)   

   

Follow-up 

(n=114)  

Excluded (n=61) 

 Not meeting inclusion criteria (n=57) 

 Other reasons (n=4) 

Follow up for 24 hours 

Analyzed (n=58) 

Excluded from analysis (n=0)  

Analyzed (n=56)  

Analysis 
Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 
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1. DEMOGRAPHIC DISTRIBUTION 

 

Parameters Total (n=114) 
Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Age (years) 

 

Mean + SD 
32.37+12.07 31.60+11.54 33.16+12.64 0.458 

Male/Female 

(n), (%) 
107/7 

(93.9/6.1) 

56/2 

(96.6/3.4) 

51/5 

(91.1/8.9) 
0.223 

p-value>0.05 was considered as not statistically significant 

 

TABLE 1: Baseline characteristics of the study population. 

 

Out of the total 114 MFT patients, 58 patients were found in the normotensive and 56 

patients in the hypotensive group. The mean age of the total participants was 

32.37+12.07 years. Among the NA group, the mean age was 31.60+11.54 years and in 

the HA group, it was 33.16+12.64 years. This difference was not statistically significant 

(p value-0.458). Age wise distribution of patients in both the groups is as per shown in 

diagram. 

Among all patients, 107 patients were   male and 7 patients were female as shown in 

table. Out of normotensive group, there were 56 (96.6%) patients who were male and 

2 (3.4%) patients were female. In the hypotensive group, 51 patients were male (91.1%) 

and 5 patients were female (8.9%). There was no statistically significant difference in 

the gender distribution between groups (p value-0.223).  

 

FIGURE 17: Bar diagram showing the age wise distribution of patients in both 

groups 
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FIGURE 18: Bar diagram showing the distribution of gender of patients in both 

groups 

2. TYPE OF FRACTURE  

TABLE 2: Distribution of study participants according to the type of fracture 

The type of fracture was coded for midfacial fracture as 1, mandibular fracture as 2 and 

pan-facial fracture category patients as 3. A total of 45.6% of patients had midfacial 

trauma followed by 32.5% with mandibular trauma and least 21.9% of patients had pan 

facial trauma. Among 58 patients in NA group, 53.4% of patients (n=31) had midface 

fracture, 25.9% of patients (n=15) had mandibular fractures, 20.7% of patients (n=12) 

were having pan facial fractures. Among 56 patients in HA group, 37.5% of patients 

(n=21) had midface fracture, 39.3% of patients (n=22) had mandibular fractures, 23.2% 

of patients (n=13) were having pan-facial fractures. There was no statistically 

significant difference (p value-0.197) in study participants in relation to type of fracture 

at 0.05 level of significance as evidenced by chi square test. 

 

 
Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) p-value 

Midfacial (n/%) 
(Coded as 1) 

52 

(45.6%) 

31 
(53.4%) 

21 
(37.5%) 

0.197 
Mandible (n/%) 
(Coded as 2) 

37 

(32.5%) 

15 
(25.9%) 

22 
(39.3%) 

Pan facial (n/%) 
(Coded as 3) 

25 

(21.9%) 
12 

(20.7%) 
13 

(23.2%) 

Chi-square test used 

Male , 51

Female, 5

Male , 56

Female, 2

MALE FEMALE

Gender

Hypotensive group Normotensive group
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FIGURE 19: Bar diagram showing the distribution of patients in relation to type of fracture 

in both groups 

3. PRE-OPERATIVE HEMOGLOBIN (Hb) LEVELS 

Based on “t” test statistics 

 

 

 

Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

 Hb levels (g%) 
(Mean+SD) 13.36+1.60 13.58+1.43 13.12+1.74 0.124 

TABLE 3: Distribution of study participants according to pre-operative Hemoglobin 

levels 

The mean pre-operative Hb levels in NA group (13.58+1.43)g% and in HA group 

(13.12+1.74)g% showed no statistical significant difference (p value-0.124) between 

the two groups in relation to Hb levels at 0.05 level of significance as evidenced by “t” 

test statistics. 

 
FIGURE 20: Line graph showing pre-operative hemoglobin values for patients in 

both groups 
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4. PRE-OPERATIVE HEMATOCRIT (HCT) LEVELS 

Based on “t” test statistics 

 

 

 
Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

 HCT levels (%) 

(mean+SD) 
39.59+5.16 40.15+5.00 39.00+5.30 0.235 

TABLE 4: Distribution of study participants according to pre-operative Hematocrit 

(HCT) levels 

 

In the normotensive group, mean hematocrit (HCT) levels was 40.15+5.00% whereas, 

in hypotensive group, the mean hematocrit (HCT) levels were 39.00+5.30%. There was 

no statistical difference (p value-0.235) between the two groups with respect to HCT 

levels at 0.05 level of significance as evidenced by “t” test statistics.  

 

 

FIGURE 21: Line graph showing pre-operative HCT values for patients in both 

groups 
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5. COAGULATION PROFILE 

Based on “t” test statistics 

 
Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Platelet count 
254.94+91.82 254.21+ 95.08 255.70+89.17 0.931 

(/cu-mm) 
PT 

14.57+1.85 14.72+1.86 14.40+1.83 0.355 
(seconds) 

INR 
1.09+0.09 1.09+0.78 1.07+0.09 0.276 

(n) 
APTT 

27.44+4.81 27.393+4.28 27.39+5.33 0.911 
(seconds) 

Fibrinogen 
353.49+117.42 352.48+117.42 354.53+115.41 0.925 

(g/L) 

TABLE 5: Distribution of study participants according to the coagulation profile 
 
Among the variables in coagulation profile tests, the normotensive anesthesia group 

had mean of 254.21+95.08/cu-mm platelet count, mean of 14.72+1.86 seconds  

Prothrombin Time, mean of 1.09+0.78 INR values, mean of 27.393+4 seconds APTT 

values and mean of 352.48+117.42 g/L fibrinogen values. The hypotensive anesthesia 

group had mean of 255.70+89.17/cu-mm PLT, mean of 14.40+1.83 seconds PT, mean 

of 1.07+0.09 INR values, mean of 27.39+5.33 seconds APTT values and 

354.53+115.41g/l fibrinogen. There was no statistically significant difference (p 

value>0.005) between the two groups in relation to coagulation profile tests of the 

patients as evidenced by “t” test statistics. 

 

FIGURE 22: Line graph showing platelet values (PLT) for patients in both groups 
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FIGURE 23: Line graph showing prothrombin time (PT) values for patients in both 

groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 24: Line graph showing INR values for patients in both groups 
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FIGURE 25: Line graph showing APTT values for patients in both groups. 

 

 

FIGURE 26: Line graph showing fibrinogen values for patients in both groups 
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6. PRE-OPERATIVE MEAN ARTERIAL PRESSURE (MAP) LEVELS 

Based on “t” test statistics 

TABLE 6: Distribution of study participants according to Pre-operative Mean 

Arterial Pressure (MAP) levels 

 

Among 58 patients in NA group, the mean pre-operative MAP levels was 

92.15+7.57mmHg and among 56 patients in HA group, the mean pre-operative MAP 

levels were 89.67+6.98mmHg. There was no statistical significant difference between 

the two groups (p value- 0.72) in relation to pre-operative MAP levels as evidenced by 

“t” test statistics. 

 

 

 

FIGURE 27: Line graph showing pre-operative MAP values for patients in both 

group 

  

 

 
Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

MAP levels 
(mmHg) 

(Mean+SD) 
90.94+7.37 92.15+7.57 89.67+6.98 0.72 
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7. PRE-OPERATIVE PULSE LEVELS 

Based on “t” test statistics 

 

 

Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Pulse levels 
(beats/min) 
(Mean+SD) 

 

76.99+8.21 77.05+7.95 76.91+8.53 0.928 

TABLE 7: Distribution of study participants according to pre-operative Pulse levels 
 

 

A mean of 77.05+7.95 beats/min pre-operative pulse levels was found in normotensive 

group and mean of 76.91+8.53beats/min pre-operative pulse levels was found in 

hypotensive group. There was no statistical significant difference found between the 

two groups in relation to pre-operative pulse levels at 0.05 level of significance as 

evidenced by “t” test statistics.  

 

 

FIGURE 28: Line graph showing pre-operative pulse values for patients in both 

groups 
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8. PRE-OPERATIVE OXYGEN SATURATION LEVELS 

Based on “t” test statistics 

 

 

Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Oxygen saturation  
levels 
(%) 

(Mean+SD) 
 

99.55+0.72 99.27+0.84 99.46+0.74 0.207 

TABLE 8: Distribution of study participants according to pre-operative oxygen 

saturation  levels 

 

There was no statistical significant difference found between the NA group 

(99.27+0.84)% and HA group (99.46+0.74)% in respect to pre-operative oxygen 

saturation levels at 0.05 level of significance as evidenced by “t” test statistics.  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 29: Line graph showing pre-operative oxygen saturation values for patients 

in both groups 
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9. INTUBATION TIME  

Based on “t” test statistics 

 

 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Intubation time 
(min) 

(Mean+SD) 
5.59+2.47 6.29+3.41 0.212 

TABLE 9: Difference in intubation time between the two groups 

 

Among 58 patients in NA group, the mean intubation time was 5.59+2.47min and 

among 56 patients in HA group, the mean intubation time was 6.29+3.41min. There 

was no statistical significant difference (p value-0.212) between the two groups in 

relation to intubation time at 0.05 level of significance as evidenced by “t” test statistics.  

 

 

FIGURE 30: Line graph showing intubation time for patients in both groups 
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10. EXTUBATION TIME 

Based on “t” test statistics 

 

 Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

 Extubation time 
(min) (Mean+SD) 5.66+2.90 5.93+2.47 0.590 

TABLE 10: Difference in extubation time between the two groups 

 

There was no statistical significant difference (p value-0.590) between the NA 

(5.66+2.90 min) and HA group (5.93+2.47min) in terms of extubation time at 0.05 level 

of significance as evidenced by “t” test statistics.  

 

 

 

 

FIGURE 31: Line graph showing extubation time for patients in both groups 
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11. NUMBER OF FRACTURE FIXATION (ORIF) SITES 

Based on “t” test statistics 

 

 
Total 

(n=114) 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

ORIF site (n) 
(mean+SD) 2.21+1.11 2.33+1.20 2.09+0.99 0.253 

TABLE 11: Difference in number of fracture fixation sites between the two groups 

 

A mean of 2.21+1.11 number of fracture sites in all the study patients were fixed with 

miniplates intra-operatively. All the 58 patients in NA group had undergone ORIF at 

2.33+1.20 number of fracture sites, whereas all the 56 patients in HA group underwent 

ORIF at 2.09+0.99 number of fracture sites. There was no statistically significant 

difference (p value-0.253) between the groups in relation to number of fracture 

fixation sites. 

 
 

 

FIGURE 32: Line graph showing number of fracture fixation (ORIF) sites for 

samples 
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12. SURGICAL DURATION 

 

Based on "t" tests of analysis  

 

 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Duration of surgery 

(hours) (mean+SD) 
2.31+1.00 2.4+0.95 0.619 

TABLE 12: Difference in surgical duration between the two groups 

A mean of 2.3+1.00 hours of surgical duration was noted in NA group and 2.4+0.95 

hours of surgical duration in HA group. There was no statistically significant difference 

(p value-0.619) found in the surgical duration between the groups. 

 

 

FIGURE 33: Line graph showing difference in surgical duration (hours) for patients 

in both groups 
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13. QUALITY OF SURGICAL FIELD  

 

Based on repeated measure ANOVA tests 
 

Tests of Between-Subjects Effects 

Measure:   Surgery field   

Transformed Variable:   Average   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 15.478 1 15.478 11.741 .001 

Error 147.647 112 1.318   

TABLE 13: Difference in quality of surgical field between the two groups 

A statistically significant difference in quality of surgical field (measured by Fromme 

et al. ordinal scale) between hypotensive (1.68+0.64) and normotensive group 

(2.05+0.49) as evidenced by repeated measures ANOVA (F=11.741) df(1,112) and p 

value-0.001.  

 

 

FIGURE 34: Line graph showing difference in quality of surgical field in both 

groups 
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14. SURGEON’S SATISFACTION 

Based on “t” test analysis 

Coefficients a 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

1 (Constant) 5.926 .177  33.537 .000 

Group -.998 .111 -.647 -8.973 0.001* 

a. Dependent Variable: surgeon satisfaction (Likert scale) 

TABLE 14: Difference in Surgeon’s satisfaction between the two groups 

There is statistically significant difference in surgeon’s satisfaction on Likert’s scale 

seen in HA (4.93+0.65) and NA (3.93+0.52) groups as evidenced by “t” analysis (p-

value= 0.000).  

 

 

FIGURE 35: Line graph showing difference in surgeon satisfaction score for 

patients in both groups 
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15. INTRA-OPERATIVE MAP LEVELS 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   operative MAP   

Transformed Variable:   Average   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 13002.746 1 13002.746 24.108 .000 

Error 29664.254 55 539.350   

      

TABLE 15: Difference in intra-operative MAP levels between the two groups 

There was a statistically significant difference found in the intra-operative mean arterial 

blood pressure in both the groups as evidenced by repeated measure ANOVA tests 

(F=24.108), df(1,55) and p-value=0.000. 

 

 

FIGURE 36: Line graph showing difference in intra-operative MAP levels between 

both groups 
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16. INTRA-OPERATIVE PULSE RATE LEVELS 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   operative Pulse   

Transformed Variable:   Average   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 468.114 1 468.114 .341 .562 

Error 74190.429 54 1373.897   

TABLE 16: Difference in intra-operative Pulse rate levels between the two groups 

There was no statistically significant difference found in the intra-operative Pulse rate 

levels in both the groups as evidenced by repeated measure ANOVA tests (F=0.341), 

df(1,54) and p-value=0.562. 

 

 

FIGURE 37: Line graph showing difference in intra-operative pulse levels between 

both groups 
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17. INTRA-OPERATIVE OXYGEN SATURATION 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   Oxygen saturation   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group .469 1 .469 .076 .784 

Error 477.024 77 6.195   

TABLE 17: Difference in intra-operative oxygen saturation levels between the two 

groups 

There was no statistically significant difference found in the intra-operative xygen 

saturation levels in both the groups as evidenced by repeated measure ANOVA tests 

(F=0.076), df(1,77) and p-value=0.784. 

 

 

FIGURE 38: Line graph showing difference in intra-operative oxygen saturation 

values between the two groups 
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18. INTRA-OPERATIVE EtCO2 LEVELS 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   ETCo2   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 557.145 1 557.145 .713 .402 

Error 42199.791 54 781.478   

TABLE 18: Difference in intra-operative EtCO2 levels between the two groups 

 

There was no statistically significant difference found in the intra-operative EtCO2 

levels in both the groups as evidenced by repeated measure ANOVA tests (F=0.713), 

df(1,54) and p-value=0.402. 

 

 

 

FIGURE 39: Line graph showing difference in intra-operative  EtCO2 levels between 

the two groups 
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19. VOLUMETRIC BLOOD LOSS 

Based on “t” tests of analysis  

 

 

Normotensive 

(n=58) 

Hypotensive 

(n=56) 
p-value 

Volumetric blood 
loss (mL) 
(Mean+SD) 

187.67+51.13 153.39+27.48 0.001 

TABLE 19: Difference in Volumetric blood loss between the two groups 

A mean of 153.39+27.48mL of blood loss was noted during the surgery in hypotensive 

group as compared to 187.67+51.13mL of blood loss in the NA group. There was 

statistically significant difference (p value-0.001) in the amount of volumetric blood 

loss during surgery in both of the groups as evidenced by “t” test analysis.  

 

 

FIGURE 40: Line graph showing difference in volumetric blood loss for patients in 

both groups 
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20. INTRA-OPERATIVE NIRS (LEFT) LEVELS 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   NIRS   

Transformed Variable:   Average   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 1341.292 1 1341.292 1.633 .206 

Error 46809.173 57 821.214   

TABLE 20: Difference in intra-operative NIRS (Left) levels between the two groups 

There was no statistically significant difference found in the intra-operative NIRS (Left) 

levels in both the groups as evidenced by repeated measure ANOVA tests (F=1.633), 

df(1,57) and p value-0.206. 

 

 

FIGURE 41: Line graph showing difference in NIRS (Left) values between the two 

groups 
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21. INTRA-OPERATIVE NIRS (RIGHT) LEVELS 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   NIRS   

Transformed Variable:   Average   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Group 58.917 1 58.917 .068 .796 

Error 47904.086 55 870.983   

TABLE 21: Difference in intra-operative NIRS (Right) levels between the two groups 

There was no statistically significant difference found in the intra-operative NIRS 

(Right) levels in both the groups as evidenced by repeated measure ANOVA tests 

(F=0.068), df(1,55) and p value-0.796.  

 

 

FIGURE 42: Line graph showing difference in NIRS (right) values between the two 

groups 
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22. POST-OPERATIVE HEMOGLOBIN LEVELS 

Based on “t” test analysis 

 

 Normotensive 

(n=58) 

Hypotensive 

(n=56) 

 

p-value 

Hb levels (g%) 

(Mean+SD) 
12.51+1.84 12.53+1.66 0.951 

TABLE 22: Difference in post-operative hemoglobin levels between the two 

groups: 

In the normotensive group, the mean post-operative Hb levels was 12.51+1.84 g% and 

in the hypotensive group, the mean post-operative Hb levels was 12.53++1.66 g%. 

There was no statistical difference (p value-0.951) between the two groups in relation 

to post-operative Hb levels at 0.05 level of significance as evidenced by “t” test 

statistics. 

 

 

FIGURE 43: Line graph showing difference in post-operative hemoglobin values 

for patients in both groups. 
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23. POST-OPERATIVE HCT LEVELS 

Based on “t” test analysis 

TABLE 23: Difference in post-operative Hematocrit (HCT) levels between the two 

groups: 

In the normotensive group, the mean post-operative HCT levels was 38.54+5.28% and 

in the hypotensive group, the mean post-operative HCT levels was 37.51+6.84%. There 

was no statistical significant difference (p value-0.367) between the two groups in 

relation to post-operative HCT levels at 0.05 level of significance as evidenced by “t” 

test statistics.  

 

FIGURE 44: Line graph showing difference in post-operative HCT values for 

patients in both groups 

  

 

 Normotensive 

(n=58) 

Hypotensive 

(n=56) 

 

p-value 

 HCT levels (%) 
(Mean+SD) 

38.54+5.28 
 

37.51+6.84 0.367 
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Dependent t-test statistics 

t df 
Sig. (2-

tailed) Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Preoperative 

HCT – post-

operative 

HCT (%) 

1.6069 4.5800 0.6014 2.8111 0.4026 2.672 57 0.010* 

TABLE 24: Difference in pre-operative and post-operative Hematocrit (HCT) levels 

in normotensive group 

There was a statistically significant difference (p value-0.01) found in difference 

between the pre-operative and post-operative HCT values in normotensive group 

signifying greater blood loss in this group. 

 

 

FIGURE 45: Line graph showing difference in pre-operative and post-operative 

HCT values for patients in normotensive group 
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Dependent t-test statistics 

t df 
Sig. (2-

tailed) Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

Preoperative 

HCT – post-

operative 

HCT (%) 

1.4875 5.8002 0.7751 3.0408 0.0658 1.919 55 0.060 

TABLE 25: Difference in pre-operative and post-operative Hematocrit (HCT) levels 

in hypotensive group 

There was no statistically significant difference (p value>0.05) found in difference 

between the pre-operative and post-operative HCT values in hypotensive group, 

implying less amount of blood loss which did not decrease HCT value extensively. 

 

 

FIGURE 46: Line graph showing difference in pre-operative and post-operative 

HCT values for patients in hypotensive group 
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24. POST-OPERATIVE PAIN (VAS SCORE) 

Based on repeated measure ANOVA tests 

Tests of Between-Subjects Effects 

Measure:   Pain   

Transformed Variable:   Average   

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Group 8.910 1 8.910 1.048 .308 

Error 952.403 112 8.504   

TABLE 26: Difference in Post-operative Pain levels between the two groups 

There is no statistically significant difference in post-operative pain levels between 

hypotensive and normotensive groups as evidenced by repeated measures ANOVA 

(F=1.048) df(1,112) and p value 0.308. 

 

 

FIGURE 47: Line graph showing difference in post-operative pain levels for 

patients in both groups
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DISCUSSION 

Trauma is considered as one of the main causes of death among the population 

below 40 years of age (24). Among trauma, road traffic accident (RTA) (73.8%) has 

been the most common cause in the developing countries, followed by falls (18%), 

assaults (6.7%) and sports injury (1.5%) (25). The global burden of non-fatal injuries 

due to trauma is between 20-50 million people every year according to WHO news 

report. The maxillofacial region in the body is the most vulnerable part to be affected 

by trauma. As high as 20-25% of the polytrauma patients have maxillofacial injuries 

(26). Most of the times, maxillofacial injuries are associated with other systemic 

injuries like cervical spine, head injury, thoracic, abdominal, orthopedic, which 

increases the morbidity and mortality of these patients. Severity of injury have also 

found to be greater in MFT positive patients.  

Majorly in trauma cases, bleeding occurs at multiple levels depending on the 

number of sites involved. It has been found that 1.9% of MFT positive polytrauma 

patients have “relevant blood loss i.e. >20% of total blood loss.”(1) There is enough 

literature evidence where blood loss in the form of acute hemorrhage due to trauma 

accounts for 30-40% of mortality, out of which 33-56% occur during the pre-hospital 

period (27). This blood loss at the primary site i.e. at place of impact of trauma is 

inevitable. Further, a multitude of traumatic injuries would further compound the blood 

loss of highly vascular maxillofacial region, as these patients require multiple surgeries 

and debridement during their hospital stay. Besides, most of the MFT patients have 

limited mouth opening and difficulty in eating food, which further compromises their 

nutritional status, thus hampering the heme buildup (4).  

The associated morbidity of acute blood loss may affect the patient 

hemodynamically, negatively impacting their healing, overall wellbeing, day to day 

activities, social interactions drastically effecting their physical, socio-economical and 

psychological wellbeing (28)(29). However, trauma victims have set defined protocols 

for reducing blood loss at varied levels of care, for example, at the site of trauma, 

prehospital period and during the surgery. Various methods like application of digital 

pressure, tourniquets, local hemostatic agents, manual reduction of fracture and 

stabilization can be employed to control the bleeding during prehospital settings. 
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Whereas, in hospital, early exploration and clamping if needed, and  pressure packing 

with balloon tamponade, intravenous tranexamic acid, desmopressin, patient 

positioning, suturing of the tissues, electrocauterization devices have been used to 

control the bleeding either in emergency or during surgery. In severe bleeding cases, 

angiography followed by trans-arterial embolization or external carotid artery ligation 

and controlled hypotension in GA are also indicated (30)(31).  

Hypotensive anesthesia is one of the effective modalities commonly used in 

various cardiac, orthopedics, spinal and maxillofacial surgeries to reduce the intra-

operative blood loss (32)(33)(34)(12). With the advent of using arteriotomy procedure, 

hypotensive anesthesia was invented by Harvey William Cushing during an intracranial 

surgery in 1917, to provide a blood less field (3).  In 1962, sodium nitroprusside was 

first drug used to induce hypotension during anesthesia (35). 

In normotensive anaesthesia, the patients MAP is kept at levels that are within 

the range of blood pressure that were measured in pre-operative period. In hypotensive 

anaesthesia, patients MAP is reduced by 30%, which usually brings the SBP under 90 

mmHg and the MAP below 65 mmHg. With this study, we intended to determine the 

benefits of hypotensive anaesthesia in MFT patients while keeping a close watch on 

cerebral oxygenation as a marker of adversity.  

Several agents can be used either alone or in combination with others, to induce 

controlled hypotension such as inhalational anaesthetics, sodium nitroprusside, nitro-

glycerine, trimethaphan, calcium channel blockers (e.g. nicardipine), adreno receptors 

antagonists (e.g. propranolol and esmolol), ACE inhibitors, alpha2-adrenoreceptor 

agonists (e.g. clonidine, dexmedetomidine). In our study, we have used 

dexmedetomidine as the drug of choice for intervention. It is known to reduce BP, PR, 

cardiac output and norepinephrine release.  

Hypotensive anesthesia lowers the intra-operative MAP of the patients and 

therefore reduce the blood loss intra-operatively and prevents the requirement for blood 

transfusions. It enhances the quality of surgical field by reducing the volume of blood 

in the field during the dissection of tissues and provides a cleaner field to the surgeon 

for more accurate surgery. With this, it also shortens the surgical time. While the 

evidence showed benefit of HA, the possible complications of using this technique need 

to be looked upon. It has been seen as a possible cause of damage to vital organs because 
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of hypoperfusion, especially the brain, heart, kidneys and liver. In few studies, major 

complications like cerebral damage, stroke, dysrhythmia, cardiac arrest or even death 

have been reported following hypotensive anesthesia in the patients who suffered 

previously from diseases like cerebrovascular diseases, coronary artery disease or 

uncontrolled hypertension (4)(36)(37). 

Therefore, RCT was conducted so as to evaluate and compare the effects of 

hypotensive anesthesia with dexmedetomidine (0.2-0.7 mcg/kg/hour after a bolus dose 

of 1mcg/hour over 10 mins) in MFT patients in terms of surgical field, intra-operative 

blood loss and effect on cerebral perfusion using NIRS monitoring. 

In our study, maxillofacial trauma cases have been seen most commonly in the 

young adults in the range of 25-40 years of age (36.8%). Our study sample’s mean age 

was 32.3+12.07 years. Furthermore, the mean age of patients in NA group was 

31.60+11.54 years in comparison to 33.16+12.64 years in HA group and the difference 

in age distribution was found to be statistically insignificant. This can be attributed to 

the fact that this division of population is mostly moving outdoors, is socially more 

interactive and is the earning set of people in western Rajasthan. Similar findings of 

younger population being involved  have also been reported in the literature in respect 

to maxillofacial trauma in Indian studies (38)(39) as well as international studies (40). 

The number of male patients in NA group were 56 (96.6%) and 2 (3.4%) 

patients were females. In the HA group, 51 patients were male (91.1%) and 5 patients 

were females (8.9%) and this difference was found to be statistically insignificant. 

The predominance of male gender getting affected by MFT (93.9%) in comparison to 

females (6.1%) in our study is ascribed to the fact that the males are the primary 

earning members of families in an Indian society as compared to women who are 

considered to be responsible for household work. Further, the ratio of male drivers on 

road to females is more, exposing men to trauma. These results are in concurrence 

with other studies by Gandhi et al. and Subhas raj et al. (41)(38). 

The highest number of our patients had midfacial fractures (45.6%) followed by 

mandibular fractures (32.5%). Only 21.9% of patients had fractured the entire facial 

skeleton i.e., pan-facial fractures. The reason of midfacial region getting more affected 

can be due to the most projecting out bony and soft tissue skeleton over the middle third 

of face. The results are similar in the study conducted by Agarwal P et al. who reported 
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55.5% of midface fractures and 44.5% of mandibular fractures. However, few studies 

have reported mandible bone as the most common site of maxillofacial trauma (42)(43). 

Among 58 patients in NA group, 53.4% of patients (n=31) had midface fracture, 25.9% 

of patients (n=15) had mandibular fractures, 20.7% of patients (n=12) were having pan-

facial fractures. However, in 56 patients in HA group, 37.5% of patients (n=21) had 

midface fracture, 39.3% of patients (n=22) had mandibular fractures, 23.2% of patients 

(n=13) were having pan-facial fractures. It was found that fracture pattern distribution 

in both the study groups was statistically insignificant. 

All the MFT patients underwent complete hemogram profile as a pre-operative 

investigation which showed mean of 40.15+5.00 hematocrit (HCT) levels and mean of 

13.58+1.43g% hemoglobin (Hb) levels in NA group. A mean of 39.0+5.30 HCT values 

and mean of 13.12+1.74g% Hb values were observed in HA group. This difference was 

found to be insignificant, signifying that there was normal distribution of patients in 

both of the groups.   

All patients had coagulation profile tests done pre-operatively which included 

platelet count (PLT), prothrombin time (PT), INR (International normalized ratio), 

Activated partial thromboplastin time (APTT) and fibrinogen. The normotensive 

anesthesia group had mean of 254.21+ 95.08/cu-mm PLT, mean of 14.72+1.86 seconds 

PT, mean of 1.09+0.78 INR values, mean of 27.393+34 seconds APTT and mean of 

352.48+117.42g/L fibrinogen values. The hypotensive group had mean of 

255.70+89.17/cu-mm PLT, mean of 14.40+1.83 seconds PT, mean of 1.07+0.09 INR, 

mean of 27.39+5.33 seconds APTT  and 354.53+115.41g/l fibrinogen. This difference 

in relation to coagulation profile was found to be statistically insignificant indicating 

homogenous distribution between the two groups. 

As a part of pre-operative parameters, the average of 3 readings of Mean arterial 

blood pressure and pulse rates of all the patients were noted. The mean of pre-operative 

MAP levels was 92.15+7.57mmHg in NA group and 89.67+6.98mmHg in HA group 

which showed no statistical significant difference between the two groups in relation to 

MAP levels. A mean of 77.05+7.95 beats/min of pre-operative pulse levels was found 

in normotensive group and mean of 76.91+8.53 beats/min was found in hypotensive 

group with no statistical significant difference between the two groups. This implies 

that the patients were normally distributed in both the groups in relation to pre-operative 



Discussion 
 

60  

MAP levels and Pulse rates. All the patients had 100% oxygen saturation in pre-

operative period as per the standard pulse-oximeter device used.  

Statistically insignificant difference in distribution of patient’s 

sociodemographic characteristics (in the form of age, gender), trauma characteristics 

(for example, type of fractures and number of fracture sites), hematological parameters 

(like hematocrit, hemoglobin and coagulation profile) and hemodynamic parameters (in 

the form of MAP and pulse rate) was seen in both the groups. This statistically 

insignificant distribution signifies that the patients in both the study groups had a 

homogenous distribution. Thus, all the patients and injury related confounding factors 

have been adequately balanced by randomization.  

All the patients in the study were treated with ORIF as per AO trauma protocol 

under GA in operation room under adequate coverage of antibiotics and analgesics. 

Study patients were randomly distributed. The patients in normotensive group were 

treated with standard anesthesia protocol (propofol, fentanyl for induction and 

inhalation drug like sevoflurane for maintenance anesthesia). The patients under 

hypotensive group were treated with an additional drug, dexmedetomidine (0.2-0.7 

mcg/kg/hour after a bolus dose of 1mcg/hour over 10 mins) with an aim to provide 

controlled hypotension. After patient preparation and draping under aseptic conditions 

was done, LA with adrenaline was injected along the planned incision sites. As needed, 

intraoral or extraoral approaches were used to expose the fracture sites. Anatomic 

reduction of fracture segments was done. After achieving the occlusion, wire IMF was 

done, followed by fixation of fracture with miniplates and screws. The surgical site was 

irrigated with normal saline. After achieving hemostasis, closure was done in layers 

with sutures and finally, all the patients were uneventfully extubated.  

All the patients in both the study groups showed statistically insignificant 

difference for the intubation and extubation time. NA group had a mean of 2.33+1.2 

number of fracture sites approached for ORIF and mean of 2.09+0.99 number in HA 

group. No statistically significant difference (p value-0.253) between the groups was 

found implying that the number of fracture sites exposed and plated also, had 

homogenous distribution in both the groups. 

MFT patients due to their extensive vascularity, experience greater blood loss 

at the site of injury and during surgery. Hypotensive anesthesia (i.e. 30% reduction of 
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MAP) as an intervention aimed to reduce the surgical blood loss was successfully 

achieved and maintained in all the HA group patients as shown by strict surveillance of 

the intra-operative MAP values taken every 15 minutes. However, there was one patient 

in our study who was allocated in hypotensive group (intervention) but due to the pre-

operative low pulse rate levels (<65beats/min) restricted him for hypotensive anesthesia 

intra-operatively. Similarly, one patient who had pan facial fracture was allocated in 

normotensive group (control) but he was shifted to hypotensive group due to massive 

bleeding intra-operatively.  

Intraoperative blood loss during surgery can be calculated by various methods, 

for example, hematocrit method (the ratio of difference in pre-operative and post-

operative HCT divided by mean of both HCT values) (28), gravimetric technique 

(calculating difference in weight of soaked and dry gauze sponges, each gram 

considered as 1mL) (44). The most frequently used standard volumetric method 

(Aliabadi et al. (39) and Dolman et al.(10)) is used in our study. Here, volume of blood 

and fluid collected in suction bottle and, blood and fluid soaked by all the used gauze 

pieces was subtracted with the volume of irrigation fluid used, giving the approximated 

blood loss. A standard small gauze piece (approximately size of 5 X 5cm) when 

completely wet soaks 5mL of fluid and the large gauze mop (approximately 25 X 25cm) 

soaks 10mL of fluid. Statistically significant less blood loss was found in HA 

(153.39+27.48mL) than NA group (187.67+51.13mL). This finding has multiple 

literature support in which statistically significant reduced blood loss in found in 

various orthognathic surgeries, head and neck surgeries, orthopedics surgery 

(12)(10)(5)(45). Hypotensive anesthesia lowers the mean arterial pressure and thus 

reduces the volume of blood loss during surgery. 

All patients in both the groups had maintained 100% oxygen saturation 

throughout the surgery. No intra-operative arterial blood gases analysis was done as all 

the patients were hemodynamically stable throughout the surgery and were 

continuously monitored with vitals, ECG and EtCo2 with the help of multi Para monitor 

in operating room. 

None of our patients required intra-or post-operative blood transfusions. This is 

observed similarly in study by Ehsan Aliabadi et al.(39) This could be explained as all 

included patients were in ASA 1 and 2 category with no systemic disease, blood 
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dyscrasias or pre-operative anemia. Secondly, blood loss during our surgery ranged 

from 100 to 340 mL with a mean of 170.83mL was within the normal range. Further, 

continuous monitoring of the patients showed them to be hemodynamically stable both 

intra and post operatively ruling out any need of blood transfusion. 

Although assessment of surgical field by surgeon is highly subjective but the 

standard Fromme et al. ordinal scale was used every 30 minutes intra-operatively to 

objectify. A statistically significant better surgical field as per Fromme’s scale was 

found in the HA group (1.68+0.64) when compared with NA group (2.05+0.49). This 

is in accordance with observations of Lin et al. and Ehsan Aliabadi et al. in their                

RCTs (39). 

Further, surgeon satisfaction with regard to surgical field was assessed using 6 

point Likert scale from 1 as extremely dissatisfied to 6 as highest score for extremely 

satisfied. Likert scale was given by a psychologist Rensis Likert, is most widely used 

psychometric scale which employs questionnaire to scale the responses in a research or 

survey, used in various studies (21). A statistically significant better surgeon’s 

satisfaction on Likert’s scale was found in hypotensive group (4.93+0.65) than in 

normotensive group (3.93+0.52). 

Reduced bleeding in hypotensive group patients gives a better visualization of 

the surgical field which is absolutely essential for accurate dissection, better 

identification and protection of vital structures. It further increases surgeon’s efficiency 

and has been proved to lower the intra-operative and post-operative complications (17). 

In a nutshell, a successful attempt to reduce the blood loss in HA group resulted in 

improved surgical field and greater surgeon’s satisfaction benefiting both the surgeon 

and patient. 

 A better surgical field due to decreased blood loss in hypotensive group should 

have resulted in lesser surgical time in hypotensive anesthesia group. But in our study, 

no statistically significant difference in the surgical duration was found. Duration of 

surgery was calculated in hours from incision to final suture placement. This came out 

to be 2.3+1 hours in normotensive group and 2.4+0.95 hours in hypotensive group. The 

reason could be due to the complexity of fracture, number of incisions taken to approach 

fracture or accessibility to fracture site. However, similar results of no difference in 

surgical duration have been reported by Praveen et al. and Prasant et al.(12)(5), Dolman 
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et al. and Precious et al.(45)(10). There were no inadvertent pauses in between the 

surgeries in both the group patients.  

Hypotensive anesthesia is being used extensively with an aim to have numerous 

benefits of reduced intra-operative blood loss, better surgical field, other intra-operative 

and post-operative complications and less chances of blood transfusion. However, even 

with controlled hypotension, few reports of cerebral ischemia, dysrrythmias, cardiac 

arrest have been reported which may be probably due to compromised vital organ 

perfusion (46)(4)(47). Thus in principle, it would be great if this perfusion of vital organ 

is determined before taking controlled hypotension as a choice of anesthesia. 

 NIRS was pioneered by Karl Norris in 1980s for quality of assessment of 

agricultural products (48). After that it was used in biomedical sciences. Jobsis was the 

first to introduce the concept of measurement of cerebral oxygenation by near infrared 

spectroscopy (NIRS) (49). This has been extensively used in cardiac surgeries to 

reassure cerebral oxygenation in hypotensive state (13)(32). Further, in field of 

orthopaedics, oncology and spinal surgeries, NIRS has been used to measure real time 

cerebral perfusion (50)(16). The principle behind NIRS monitoring is that the blood 

which is oxygenated appears red whereas, de-oxygenated blood appears blue or black. 

This difference occurs due to the fact that oxygenated Hb varies in parts of its 

absorption pattern from de-oxygenated Hb and therefore in its apparent optical 

spectrum. NIRS has two parts i.e., a light source and a photoelectric detector. A light 

source generates Near Infra-Red light that is directed to the tissues and is reflected back 

to the photoelectric detector which measures emergent light intensity and gives 

information regarding the amount of oxygenation. Thus, gives real time assessment of 

organ perfusion. NIRS sensors were applied on both sides of forehead of the patient 

intra-operatively and readings were taken  every 15 minutes, separately for both sides 

for checking cerebral perfusion by reassuring cerebral oxygenation (rSO2). No 

statistically significant difference in cerebral oxygenation was found in both HA 

(71.61+8.83) and NA group (72.77+8.58). This signifies that cerebral perfusion is 

similar in both the groups and has not been compromised by inducing hypotension.  

All the patients were monitored for intra and post-operative complications. 

Bradycardia which was defined as pulse rate below 60 beats/mins, reflex tachycardia is 

pulse above 100 beats/min, arrythmias or desaturation (oxygen saturation of <95% for 
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>10 seconds) were not found in the entire study. In post-operative period of 24 hours, 

the complications ranging from PONV (post-operative Nausea and vomiting), fever, 

shivering, hypertension to myocardial infarction, renal infarct and cardiovascular 

events were absent. 

The hematocrit (HCT) values were taken in post-operative period in order to 

assess the extent of blood loss after surgery. HCT reflects % of blood volume i.e. 

composed of RBC’s. It, unlike Hb, is unaffected by heme dilution or heme 

concentration that may occur due to intravenous infusions during surgery. No 

statistically significant difference was found in the difference between pre-operative 

and post-operative HCT values in HA group (p value>0.05) as compared to 

normotensive group (p value<0.01). This may be due to the significantly greater blood 

loss occurring in normotensive anesthesia group patients when compared to 

hypotensive anesthesia group patients.  

There are numerous scales that have been introduced in the clinical practice to 

objectify the subjective assessment of pain. In literature, Visual analogue scale (VAS), 

McGill pain scale, Comfort scale, Numeric rating scale (NRS),Wong baker faces pain 

scale and Color analog scale are mentioned (51)(52). Most of which are difficult to 

understand. Faces pain scale is chosen in young children, which shows facial 

expressions ranging from state of wellbeing to worst pain possible. VAS scale was 

developed by Freyd in 1923 (53). There are two types of this scale, a 10 point and a 100 

point scale. 10 point VAS scale is one of the most commonly used scale because of its 

simplicity, easy comprehensibility and reproducibility. It measures pain from not at all 

(zero) to worst terrible pain (ten). Since our study population has different cultural 

background, VAS scale was augmented with pictographic representation for better 

comprehension by the patients. In our study, the patients in post-operative period were 

monitored for pain levels for 24 hours using the VAS scale at interval of 6, 12 and 24 

hours. No statistically significant difference was found in relation to post-operative pain 

levels in between HA group (5.5+1.74) and NA group (5.20+1.61). This is not in 

accordance with low post operative pain levels reported by the studies using 

hypotensive anesthesia (8)(54). 
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STRENGTH OF STUDY 

1. IEC was obtained before commencement of the study and the study was conducted 

strictly adhering to methodology as per protocol. 

2. The paramount strength of the study is the robust study design. The present study 

is a double arm, double blinded RCT. Every single effort was made to minimize 

all the possible risk of biases.  

3. Randomization, allocation concealment, and allotment of participants were done 

by a person unrelated to the trial. Block randomization using a table of random 

numbers and allocation concealment with standard SNOE minimized the selection 

bias. 

4. Additionally, a statistically insignificant distribution of patients in the form of 

sociodemographic parameters (in the form of age, sex), trauma characteristics (for 

example, type of fractures and number of fracture sites), hematological parameters 

(like hematocrit, hemoglobin and coagulation profile) and hemodynamic 

parameters (in the form of mean arterial blood pressure and pulse) was achieved. 

This signifies that our randomization was successful in obtaining homogenous 

distribution of patients in both the groups thus minisculising the selection bias. This 

homogenous distribution further signifies that patient related confounding factors 

have also been balanced in both the groups. 

5. All the allocated patients have completed the follow up period of 24 hours and   

thus, there was no sample attrition. 

6. Investigator was the person unrelated to the trial who was supervising 

randomization, allocation concealment, patient allocation and data recording thus 

minimizing the reporting bias. 

7. As the intervention was given during GA, there is no role of performance bias on 

patient’s behalf. Furthermore, surgeon’s blinding curtailed the performance bias on 

behalf of the surgeon.  

8. The homogenous patient distribution in both the groups and further non-significant 

difference in trauma characteristics in the form of type of fractures and site of 

fracture plating indicates that the results produced arise as a result of intervention 

rather than patient’s factors.   
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9. Every effort has been made to either use the standard objective parameters (Pulse 

rates, MAP, Oxygen saturation, NIRS, volumetric blood loss) for evaluation. But, 

wherein subjective parameters (like surgical field assessment, surgeon satisfaction, 

pain score) were assessed, every effort was made to use standard scales (Fromme 

et al. ordinal scale, Likert scale and VAS pain score) to objectify the subjective 

parameters as an effort to reduce the detection bias. 

10. NIRS monitoring used in the study is a powerful tool as it detects the cerebral blood 

oxygen saturation in the form of real time continuous monitoring. It has an edge 

over other methods because of its non-invasiveness, low cost and simplicity of the 

technique.(23) Although, techniques using jugular venous oxygen saturation 

(SjvO2), thermal gradient blood flow meter, electroencephalogram (EEG), event-

related potentials (ERPs) can be used and are considered to be accurate, but these 

methods are invasive and pose potential risks of hematoma and venous thrombosis. 
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LIMITATIONS 

1. Hypotensive anesthesia as a mode of intervention can only be used in patients 

with stable vitals wherein the patients usually maintain above 65beats/min of 

pulse rates and more than 110/70mmhg of blood pressure in pre-operative time. 

But in our study, there was one patient who was allocated in hypotensive group 

(intervention) due to the low pre-operative Pulse rate levels (<65beats/min) 

which restricted him for hypotensive anesthesia intra-operatively.  

2. Similarly, one patient who had pan facial fracture was allocated in normotensive 

group (control) but he was shifted to hypotensive group due to massive bleeding 

intra-operatively.  

3. The exact calculation of blood loss on the surgical drapes and blood staining 

over surgeon’s gowns could not be accurately calculated and was missed in 

volumetric blood loss calculation. 

4. As the NIRS monitor is to be placed on forehead of the patients for the readings 

of cerebral oxygenation, this could not be placed in majority of our pan-facial 

fracture or comminuted zygomatic arch fracture cases requiring coronal 

approach and therefore these patients could not be enrolled in the study. 

5. Majority of the patients in MFT cases have associated head injuries which 

already predispose these patients to give altered cerebral perfusion and thereby 

would be some important candidates for NIRS readings. This 14.2% of trauma 

patients with head injury were excluded from our study as a part of the study 

design. NIRS recording in head injury patients would have been more 

contributary for cerebral hypoperfusion related to hypotensive anesthesia. 

Studies have used NIRS monitoring as a useful tool for cerebral oximetry in 

traumatic brain injury patients. (55) 
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Implication and Future Recommendation 

 There is enough literature evidence reporting the role of HA on intra-operative 

blood loss, quality of surgical field and duration of operation in major maxillofacial 

surgeries like orthognathic surgeries, cleft lip and palate surgeries and head and 

neck tumor resection surgeries. The studies have proved the benefit of controlled 

hypotension in GA in respect to reduced blood loss, better quality of surgical field 

and reduced duration of operation. But there is a lack of investigation on vital organ 

perfusion objectively during the hypotensive anesthesia intra-operatively in 

maxillofacial surgeries. More clinical trials are needed for verifying the safety of 

using this technique in view of vital organ perfusion to finally establish the complete 

safety of hypotensive anesthesia.  

 Most importantly there is a need for a multicentric study with greater sample size. 

Extending the sample population to medically compromised MFT patients in terms 

of concomitant head injury, anemias would help to gauze cerebral perfusion better 

in hypotensive state. This would help in achieving generalizability and external 

validity of our study for larger population.  

 In our study, we have investigated only cerebral blood oxygenation using Near 

Infrared Spectroscopy, but the effects of hypotensive anesthesia on other vital 

organs like liver, kidneys and heart were not evaluated. Very few studies have 

evaluated these effects as a marker of adversity. (4) Therefore, it is suggested to 

more extensively research the hepatic, renal and cardiac effects of hypotensive 

anesthesia.  

 The impact of hypotensive anesthesia on cerebral blood flow and oxygenation can 

be assessed using other advanced and reliable methods like jugular venous oxygen 

saturation (SjvO2)  transcranial doppler ultrasonography, thermal gradient blood 

flow meter, (23) electroencephalogram (EEG), event-related potentials (ERPs). But 

they fail to reflect oxygenation as a  real time measurement. Non-invasive methods 

for example, positron emission tomography (PET), functional magnetic resonance 

imaging (fMRI) can also be used. 

 Although, dexmedetomidine is a relatively safe drug with potent analgesia, 

sympatholytic and cardiovascular stabilizing properties. But the adverse effects of 
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dexmedetomidine include hypotension, hypertension, bradycardia, arrythmias, AV 

Block, tachycardia, respiratory depression, dry mouth, nausea, fever, rigors and 

muscle weakness. Other alternative drugs that can be used are propofol, midazolam 

and fentanyl. Further studies for the drug of choice for hypotensive anesthesia in 

field of maxillofacial area are also recommended. 
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CONCLUSION 

Although there is plethora of researches on the benefits of hypotensive 

anesthesia in various surgical procedures pertaining to head and neck, orthopedics, 

spinal and orthognathic surgeries describing its technique, benefits and complications. 

There is a lack of evidence in the effect of hypotensive anesthesia in vital organ 

perfusion especially in maxillofacial specialty, it is actually absent. Thus, we planned a 

double blinded RCT to compare the effect of controlled hypotension in general 

anesthesia in maxillofacial trauma patients with an evaluation of cerebral oxygenation 

using NIRS monitor as a marker of adversity of hypotensive anesthesia. 

This is first of its kind study that has evaluated effect of hypotensive anesthesia 

in maxillofacial trauma patients with a record of vital organ (cerebral) perfusion. This 

study has focused on comparison between the two groups, normotensive and 

hypotensive group on the grounds of proposed benefits of hypotensive anesthesia.  

Statistically significant difference was found in relation to reduction in intra-

operative blood loss, improvement in quality of surgical field and hence, increased 

surgeon satisfaction at the end of the surgery in hypotensive anesthesia group when 

compared with normotensive anesthesia. However, no statistically significant 

difference in surgical duration was detected in both the groups. Further, no statistically 

significant difference of cerebral oxygenation as measured by NIRS recording was 

found in both the groups. None of the patients in the study had intra-operative or post-

operative complications in the form of bradycardia, tachycardia, arrythmias or 

desaturation. Hence concluding, that MFT patients can be safely administered 

hypotensive anesthesia although a large multicentric study with more laxed inclusion 

criterias of including patients in ASA III, head injury, anemias would give external 

validity and generalizability to our results. 
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Annexure II: Patient Information Sheet [English] 

Department of Oral and Maxillofacial Surgery  

All India Institute of Medical Sciences, Jodhpur 

 

TITLE: “A Randomized Controlled Trial on the role of Intraoperative 

Controlled Hypotension in Maxillofacial Trauma Patients”. 

As you know that you/your ward has been diagnosed with Maxillofacial fracture, 

the treatment of fracture would be putting up plates and screws for stabilization 

under General Anesthesia as a part of standard treatment protocol. You/your ward 

are requested to take part in the research/ study being conducted with title “A 

Randomized Controlled Trial on the role of Intraoperative Controlled Hypotension 

in Maxillofacial Trauma Patients”. 

You/your wards face is a very vascular area and may bleed extensively during 

surgery to add on to the blood loss that must have occurred at the accident site. To 

control the amount of blood loss, dexmedetomidine is a drug that would be used as 

a hypotensive anesthetic agent as a part of this research. It is a very common drug 

used in other surgeries like hip, shoulder, brain surgeries with minimal side effects. 

Following minor side effects of nausea, vomiting, hypotension, bradycardia or 

tachycardia can be encountered and would be efficiently dealt with. As a part of 

your normal treatment protocol, the surgery will be for 3 hours’ duration on an 

average. Post operatively, drugs would be administered for control of pain and 

infection. Hospital stay would be for minimum 5-7 days post surgery. You/your 

ward may have normal surgical and general anesthetic complications which are not 

related to the research being done. Fractures usually take 6-8 months to heal and 

you/your ward will be kept under a regular monthly follow up. This study requires 

us to collect your/your wards detailed history, records and clinical examination 

according to the given proforma prior to surgery. Confidentiality of all the 

documents would be strictly maintained. 

 

For further queries, please contact:  

 

Dr Tanya Batra 

Post Graduate Student 

Oral and Maxillofacial Surgery  

Department of Dentistry 

All India Institute of Medical Sciences, Jodhpur  

Mobile No. – +916376504412 
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Annexure III: Patient Information Sheet [Hindi] 

ओरल और मैक्सिलोफेक्ियल िर्जरी क्िभाग 

अक्िल भारतीय आयुक्िजज्ञान िसं्थान, र्ोधपुर 

 

 

िीर्जक: "मैक्सिलोफेक्ियल ट्रॉमा के मरीर्ों में इटं्राऑपरेक्िि क्नयंक्ित हाइपोिेंिन की भूक्मका पर 

एक यादृक्छिक क्नयंक्ित परीक्षण"। 

 

tSlk fd vki tkurs gS fd vki vkids cPps dks eSfDlyksQsf'k;y ÝSDpj dk funku fd;k 

x;k gS] ÝSDpj ds mipkj esa ekud mipkj izksVksdkWy ds ,d Hkkx ds :i esa tujy ,usLFksfl;k 

ds rgr fLFkjhdj.k ds fy, IysV vkSj LØw yxk, tk,axsA vkils vkids cPps ls vuqjks/k fd;k 

tkrk gS fd os 'kh"kZd%& ^^

 ds lkFk fd, tk jgs 

vuqla/kku@v/;;u esa Hkkx ysaA 

 

 vkidk vkids cPps dk psgjk ,d cgqr gh laoguh {ks= gS vkSj ltZjh ds nkSjku cM+s iSekus 

ij [kwu cg ldrk gS tks fd nq?kZVuk LFky ij gq, jDr dh gkfu esa o`f) djsxkA jDr dh 

gkfu dh ek=k dks fu;af=r djus ds fy, MsDlesfMVksfeMkbu ,d nok gS ftls bl 'kks/k ds 

,d Hkkx ds :i esa gkbiksVsaf'k;y ,susLFksfVd ,tsaV ds :i esa bLrseky fd;k tk,xkA ;g ,d 

cgqr gh lkekU; nok gS ftldk mi;ksx vU; ltZjh tSls dwYgs] da/ks] efLr"d dh ltZjh esa 

de ls de nq"izHkko lkeus vk ldrs gS vkSj muls dq'kyrk ls fuiVk tk,xkA vkids lkekU; 

mipkj izksVksdkWy ds :iesa] ltZjh vkSlru 3 ?kaVs dh vof/k ds fy, gksxhA iksLV vkWijsfVo 

:i ls] nokvksa dks nnZ vkSj laØe.k ds fu;a=.k ds fy, fn;k tk;sxkA U;wure 5&7 fnuksa ds 

iksLV ltZjh ds fy, vLirky esa jguk gksxkA jksxh dks lkekU; lftZdy vksj lkekU; 

laosnukgkjh tfVyrk,a gks ldrh gSa tks vuqla/kku ls lacaf/kr ugha gSA ÝSDpj dks Bhd gksus esa 

vkerkSj ij 6&8 efgus yxrs gSa vksj vkidks fu;fer ekfld vuqorhZ ds rgr j[kk tk,xkA 

bl v/;;u esa gesa ltZjh ls igys fn, x, izksQkekZ ds vuqlkj vkids foLr`r bfrgkl] fjdkWMZ] 

vkSj uSnkfud ijh{kk dks ,d= djus dh vko';drk gSA lHkh nLrkostksa dh xksiuh;rk dks 

dMkbZ ls cuk, j[kk tk,xkA 

 

vf/kd iz'uksa ds fy,] d`i;k laidZ djs% 

 

iksLV&xzstq,V LVwMsaV 

vksjy vkSj eSfDlyksQsf'k;y ltZjh 

nar fpfdRlk foHkkx 

vf[ky Hkkjrh; vk;qfoZKku laLFkku] tks/kiqj 

eks- ua- % +916376504412 
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Annexure IV: Informed Consent Form (English) 

 

Serial no: ----------- 
 

INFORMED CONSENT FORM 

All India Institute of Medical Sciences, Jodhpur 

 

The attached information sheet dated  has elaborate details in the 

language that I can fully comprehend. I have read the said contents in detail and 

have fully understood the same. I also confirm that I was provided the requisite 

opportunity to ask questions for better conception. 

 

The nature and purpose of the study and the relevant risks/benefits attached, the 

duration and all other necessary information has been clearly put forth. I declare 

that my participation is purely voluntary and that I am free to withdraw at any 

time without assigning any reason and that my medical care or legal rights shall 

not be affected in any way. 

 

I am aware that information collected about me upon my participation in this 

research and the relevant section of medical notes shall be looked at by any 

responsible individual from AIIMS, Jodhpur. 

 

I hereby accord my permission for the undersigned individuals to access my 

records. I hereby give my consent to take part in the study. 

 
 

Signature/Left Thumb Impression:    

Name of the Participant:    

Son/Daughter/Spouse of:   

Postal Address:    

Date:    

Place:    

This is to certify that the above consent has been obtained in my presence. 

 

Signature of Principal Investigator Date: 

Place: 

Witness 1:  

Signature/Left Thumb Impression: 

__________________________ 

Name: ____________________ 

Postal Address: ________________ 

_____________________________ 

 

Witness  2:  

Signature/Left Thumb Impression: 

__________________________ 

Name: ____________________ 

Postal Address: ________________ 

_____________________________ 
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Annexure V: Informed Consent Form (Hindi) 

अक्िल भारतीय आयुक्िजज्ञान िसं्थान, र्ोधपुर 

 

layXu tkudkjh i= esa Hkk"kk esa foLr`r fooj.k gS fd eSa iwjh rjg ls leÖk ldrk gwaA eSus 

mDr lkexzh dks foLrkj ls i<k gS vkSj bls iwjh rjg ls leÖkk gSA eSa ;g Hkh iqf"V djrk gwa 

fd eqÖks csgrj leÖkus ds fy, iz'u iwNus dk visf{kr volj iznku fd;k x;k FkkA 

v/;;u dh izd`fr] mn~ns'; vkSj lacaf/kr tksf[ke@ykHk] vof/k vkSj vU; lHkh vko';d 

tkudkjh Li"V :i ls lkeus j[kh xbZ gSA eSa ?kks"k.kk djrk gw fd esjh Hkkxhnkjh fo'kq) :i 

ls LoSfPNd gS vksj eSa fcuk fdlh dkj.k crk, fdlh Hkh le; viuh Hkkxhnkjh ysus ds fy, 

Lora= gwa vkSj esjh fpfdRlk ns[kHkky vf/kdkjh fdlh Hkh rjg ls izHkkfor ugha gksaxsA 

eqÖks irk gS fd bl 'kks/k esa esjh Hkkxhnkjh vkSj fpfdRlk uksVksa ls lacaf/kr [kaM ij eqÖkls ,df=r 

tkudkjh dks ,El tks/kiqj ds fdlh Hkh ftEesnkj O;fDr }kjk ns[kk tk,xkA 

eSa vius fjdkWMZ dks ,Dlsl djus ds fy, v/kksgLrk{kjh O;fDr;ksa dks viuh vuqefr nsrk gwaA eSa 

bl v/;;u esa Hkkx ysus ds fy, viuh lgefr nsrk gwaA  

 

gLrk{kj@cka, vaxwBs dk fu'kku% 

izfrHkkxh dk uke% 

iq=@iq=h@ifr@iRuh % 

Mkd irk% 

fnukad% 

LFkku% 

 

xokg 1% 

gLrk{kj@cka, vaxwBs dk fu'kku% 

uke% 

Mkd irk% 

 

xokg 1% 

gLrk{kj@cka, vaxwBs dk fu'kku% 

uke% 

Mkd irk% 
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Annexure VI:  Case Record Form 
 

 

 

NAME: 

 

AGE/SEX: 

 

OCCUPATION: 

 

AIIMS REGISTRATION ID: 

 

CONTACT NUMBER: 

 

 

INCLUSION CRITERIA: YES NO 

▪ Patients who have given written informed consent to be a 

part of the study 
  

▪ Patients posted for ORIF for maxillofacial trauma   

▪ Patients in the age group between 16 to 65 years, of either 

sex 
  

▪ Patients with minimal comorbidities- ASA I,II   

▪ Absence of pre-existing maxillofacial pathologies especially 

any odontogenic tumor, cyst, neuralgias, TMDs and MPDS 
  

 

 

EXCLUSION CRITERIA: YES NO 

▪ Patient in age range <16 years and >65 Years   

▪ Patients with severe debilitating conditions such as 

uncontrolled diabetes mellitus, uncontrolled hypertension, 

cardio respiratory conditions, previous history of 

cerebrovascular accidents, myocardial infarction, coronary 

artery disease 

  

▪ All pregnant and lactating females   

▪ Patients on antiplatelet/anticoagulant therapy   

▪ Patients with concomitant head injuries, cervical spine 

injuries or debilitating thoracic or abdominal trauma  
  

 

 

 

 

 

SERIAL NO: 
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Maxillofacial fractures 
 

 

    
 

 

 
 
 

 

 

Provisional diagnosis 
 

 

 

 

 

 

 

 

Randomization Code No. – 
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I. Preoperative parameters- 
 

1. Hemoglobin (g%): 

2. Coagulogram including- 

a) Platelet count (/cu-mm): 

b) Prothrombin time (seconds): 

c) Fibrinogen (g/L): 

d) anti-thrombin (%): 

e) aPTT (seconds): 

3. Mean Arterial Blood Pressure (mm of Hg): 
 

T1 T2 T3 Average 

    

 

4. Pulse Rate (per minute): 

T1 T2 T3 Average 

    

 

5. Oxygen saturation (%): 

T1 T2 T3 Average 

    

 

II. Intraoperative parameters- 
 

1. Anesthetist’s Perspective- 

a) Anesthetic agent used: 

 

 

 

 

 

b) Dosage: 

 

 

 

 

 

 

c) Time taken for intubation: 



Annexures 
 

85  

d) Time taken for extubation: 

e) Total duration of anesthesia:  

f) Any special comments: 

 

 

 

2. Surgery done- 

a) Duration from incision to closure: 

b) Incisions taken: 

 

 

 

 

 

c) Open reduction and internal fixation done at 
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3. Surgical field (Fromme’s ordinal scale) 

 

Time (minutes) Surgical field (ordinal scale) 

30  

60  

90  

120  

 

 

5 Massive uncontrollable bleeding 

4 Bleeding, heavy but controllable, that significantly interferes with 
dissection 

3 Moderate bleeding that moderately compromises surgical 
dissection 

2 Moderate bleeding, a nuisance but without interfering with 
accurate dissection 

1 Bleeding so mild it is not even a surgical nuisance 

0 No bleeding, virtually bloodless field. 

 

 

4. Surgeons satisfaction using 6 point Likert scale: 

 
Extremely 

dissatisfied 

 

1 

Very 

dissatisfied 

 

2 

Somewhat 

dissatisfied 

 

3 

Somewhat 

satisfied 

 

4 

Very 

satisfied 

 

5 

Extremely 

satisfied 

 

6 

      

 

 

5. Any inadvertent pauses during surgery: Yes/No- 

 

If yes, cause: 

 

 

 

 

6. Any special comments: 
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7. Blood loss- 

 

Volumetric blood loss would be calculated 

Number of small gauge pieces used=  

Number of large gauge pieces used=  

Number of suction canister (500mL) used=  

Total volume of fluid in the suction= 

Calculation of blood loss taken as average of: 

 

Volumetric blood loss calculation 
 

 

calculating (preop Hb(%)- postop Hb(%))/ preop Hb(%) 

 

 

 

Average 
 

 

 

8. Blood transfusion: Yes/No 

 

If yes, details: 

 

9. Patient’s Vitals and NIRS monitoring: 
 
 

Para- 

meter/ 

every 

15mins 

Base 

line 
15 30 45 60 75 90 105 120 135 150 175 190 210 225 240 

Post 

Intubation 

a)Pulse 

rate 
                 

b)Blood 

Pressure 
                 

c)Mean 

arterial 

pressure 

                 

d)Oxy- 

gen 

saturat- 

ion 

                 

e)End 

Tidal 

CO2 

                 

f)NIRS 

(rSO2)                  
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10. Any alternate intervention, if required: 

 

 

 

11. Intraoperative complications- 

a) Bradycardia: 

b) Reflex tachycardia: 

c) Hypotension: 

d) Desaturation: 

e) Arrythmias: 

f) Any other: 

III. Postoperative parameters- 
 

1. Hemoglobin (g%): 

2. Hematocrit (%): 

3. Complications till 24 hours- 

a) Nausea/vomiting: 

b) Reflex tachycardia: 

c) Hypotension: 

d) Desaturation: 

e) Any other: 

 

4. Visual Analogue Scale (VAS) for Pain assessment till 24 hours 
 

6 hours  

12 hours  

24 hours  
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Annexure VII: Plagiarism Score Certificate 

 

 


