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Abstract

Purpose—To assess the impact of a multimodal antiemetic protocol on postoperative nausea and 

vomiting (PONV) after LeFort I osteotomy.

Methods—Consecutive subjects undergoing LeFort I osteotomy with or without additional 

procedures at a single academic institution were recruited as the intervention cohort for an IRB-

approved prospective clinical trial with a retrospective comparison group. The intervention cohort 

was managed with a multimodal antiemetic protocol including total intravenous anesthesia; 

prophylactic ondansetron, steroids, scopolamine, and droperidol; gastric decompression at surgery 

end; opioid-sparing analgesia; avoidance of morphine and codeine; prokinetic erythromycin; and 

minimum 25 mL/kg fluids. The comparison group consisted of consecutive subjects from a larger 

study who underwent similar surgical procedures prior to protocol implementation. Data including 
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occurrence of PONV were extracted from medical records. Data were analyzed bivariately with 

Fisher’s Exact and Wilcoxon Rank Sum Tests. Logistic regression was used to compare the 

likelihood of nausea and vomiting in the two cohorts controlling for demographic and surgery 

characteristics. P<0.05 was considered significant.

Results—The intervention (n=93) and comparison (n=137) groups were similar in terms of 

gender (58% and 65% female, P=0.29), race (72% and 71% Caucasian, P=0.85), age (median 19 

and 20 years old, P=0.75), proportion of subjects with known risk factors for PONV (P=0.34), 

percentage undergoing bimaxillary surgery (60% for both groups), and percentage for whom 

surgery time was over 180 minutes (63% versus 59%, P=0.51).

Prevalence of PON was significantly lower in the intervention group than the comparison group 

(24% versus 70%, P<0.0001). Prevalence of POV was likewise significantly lower in the 

intervention group (11% versus 28%, P=0.0013). The likelihood that subjects in the comparison 

group would experience nausea was 8.9 and vomiting 3.7 times higher than in the intervention 

group.

Conclusion—This multimodal protocol was associated with substantially decreased prevalence 

of PONV in subjects undergoing LeFort I osteotomy.

INTRODUCTION

Postoperative nausea and vomiting (PONV) complicate post-anesthesia and post-surgical 

care. This remains especially true for orthognathic surgery patients undergoing procedures 

involving the maxilla. Current estimates of the prevalence of PONV in the 24 hours after 

surgery for patients undergoing LeFort I osteotomy is between 44 and 68%, as compared to 

8 to 30% in general surgical populations, despite application of conventional antiemetic 

therapies.1–7 Patients undergoing LeFort I osteotomy also seem to have a higher prevalence 

of PONV than those undergoing isolated mandibular osteotomy; swallowed blood, altered 

diet and deliberate hypotension may contribute.1,2,8

The implications of PONV for both individuals and the health care system are considerable. 

For individual patients, PONV can result in hematoma, wound dehiscence, intra-oral 

bleeding with continued swallowing of blood, anxiety and agitation (particularly for 

orthognathic surgery patients who often have maxillomandibular elastics in place after 

surgery), dehydration, electrolyte imbalances, and, in extreme cases, esophageal damage or 

aspiration.8,9 Evidence shows fear of PONV overshadows concerns about pain in surgical 

patients4,11–13 and that patients are willing to pay out of pocket to avoid PONV.13 PONV 

additionally leads to decreased patient satisfaction. In two large reviews of patient 

complaints after anesthesia and associated patient satisfaction, PONV was a leading 

complaint;15 patient dissatisfaction was significantly associated with the occurrence of 

PONV.15,16 PONV can also be very distressing to non-professional caregivers responsible 

for the patient.

At the health care system level, evidence suggests PONV can significantly increase health 

care costs through prolonged stay in the post-anesthesia care unit (PACU), delay of 

discharge, and unplanned hospital admissions or readmissions following outpatient 

procedures.5,6,10,14 In one seminal study the odds ratio for unplanned admission due to 
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vomiting after outpatient surgery was an alarmingly high 3.4 (95% CI 1.8–6.4); patients 

were readmitted only slightly more frequently for pain or bleeding than for emesis.10

PONV prevention for orthognathic surgery patients remains an under-investigated domain 

of clinical care. As more orthognathic surgical procedures are performed on an ambulatory 

basis (often outside of the hospital setting), tactics to reduce the high prevalence of PONV in 

this surgical population become important to maximize patient safety and satisfaction, and, 

potentially, to contain costs. Patients undergoing LeFort I osteotomy are often 

underappreciated as a high-risk group and, though well-established protocols for prevention 

of PONV exist, these modalities are rarely maximized in this population.

The aim of this study was to compare the experience of PONV in subjects managed with a 

multimodal antiemetic protocol and those managed conventionally at the discretion of the 

anesthesia care team with the hypothesis that implementation of the protocol would reduce 

the prevalence of this postoperative complication. A secondary aim was to compare those 

managed with and without the protocol in terms of time to wake-up as well as length of 

PACU stay and length of hospital stay.

MATERIALS AND METHODS

Multimodal Protocol

A multimodal antiemetic protocol synthesizing several recommendations to reduce risk of 

PONV was developed primarily based on Society of Ambulatory Anesthesia (SAMBA) 

consensus guidelines (Box 1).17 Volatile anesthetics and nitrous oxide were avoided in favor 

of a total intravenous anesthetic (TIVA) based around propofol and remifentanil infusions 

titrated by the anesthesia care team.17–19 Neostigmine use was limited to 2.5 mg unless 

safety mandated otherwise.17,20 Hydration goals were set to a minimum of 25 mL/kg 

combined fluid in the operating room (OR) and PACU.17,21 Thirty mg of IV ketorolac were 

administered at the conclusion of the procedure and every 6 hours postoperatively as an 

opioid-sparing strategy. Once ketorolac was discontinued, ibuprofen 600 mg po every 6 

hours was initiated.17 Morphine and codeine were avoided both intraoperatively and 

postoperatively.2,22–25 Fentanyl was preferred over hydromorphone as an IV agent due to its 

shorter duration of action.

Box 1

Protocol Summary

1. Preoperative

a. Scopolamine patch

b. 250 mg oral erythromycin

c. Midazolam 1–2 mg IV per anesthesia care team

2. Fluids: Crystalloid will be administered during the case – minimum 10 mL/kg.

3. Induction/maintenance/anti-emetics
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a. No nitrous oxide. No volatile agents.

b. Propofol/remifentanil total intravenous anesthetic (TIVA)

i. Esmolol first line to achieve target SBP < 90 at key parts of 

procedure

ii. Additional anti-hypertensive agents as needed

1. Avoid excessive opioids

2. Avoid volatile agents as above

c. Neostigmine: Avoid if possible (paralysis not surgically necessary); if 

used, limit to maximum 2.5 mg unless patient safety dictates otherwise

d. Steroids per surgeon preference. Typically 125 mg Solu-Medrol IV at 

beginning of case

e. 0.625 mg IV droperidol near end of case

f. 4 mg IV ondansetron near end of case

g. Surgeons to evacuate gastric contents with a nasogastric tube at end of 

case

4. Analgesia in the OR

a. Ketorolac 30 mg IV at end of case

b. No morphine. Fentanyl preferred, hydromorphone if necessary

5. PACU/Floor

a. Rescue medications for nausea/emesis

i. Promethazine 6.25–25 mg IV, po or PR

ii. Dexamethasone 4mg IV (PACU only)

iii. Diphenhydramine 25–50 mg IV or po

iv. Ondansetron 4 mg IV or 4–8 mg ODT (if 6+ hours after first dose)

b. Fluids: Continue crystalloid in PACU until goal of at least 25 mL/kg 

reached

c. Analgesia

i. No morphine. Fentanyl preferred, hydromorphone if necessary

ii. No codeine. Hydrocodone/acetaminophen preferred. Oxycodone if 

necessary

iii. Ketorolac 30 mg IV q6h until conversion to po analgesics, then 

ibuprofen 600 mg q6h

d. Pro-kinetics: Repeat 250 mg oral erythromycin 8 hours after first dose in 

OR
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e. Steroids: Redosed per surgeon preference

Combination therapy with prophylactic agents from multiple classes is recommended for 

patients at high risk for PONV.17 Agents known to reduce PONV include 5-HT3 receptor 

antagonists, droperidol, dexamethasone, and transdermal scopolamine.17,18,26,27 The 

protocol therefore included application of a transdermal scopolamine patch in the pre-

operative holding area, intended to prolong duration of prevention of PONV. Droperidol 

(0.625 mg IV) and ondansetron (4 mg IV) were administered near the end of the case to time 

peak action with emergence from anesthesia. Administration of high-dose 

methylprednisolone was part of the surgical protocol, thus no additional steroids were given.

The constant swallowing of small amounts of blood and its retention in the stomach 

following LeFort I osteotomy likely contribute to the high prevalence of PONV in this 

population. Therefore, sub-bacteriostatic doses of erythromycin (250 mg) were administered 

orally pre-operatively and again after 8 hours to capitalize on erythromycin’s established 

properties as a motilin agonist. Erythromycin was chosen over metoclopramide due to its 

safety profile and its well-characterized impact on gastric motility and even PONV.28–31 

Additional measures to minimize ingestion of blood that are common practice at this 

institution include placement of a throat pack and evacuation of gastric contents at the end of 

surgery. These practices were in place for the comparison cohort as well as the intervention 

cohort.

Rescue anti-nausea and anti-emetic therapy options that work through several mechanisms 

were selected based on the SAMBA guidelines and on data from a randomized, double-

blind, placebo-controlled study of over 2000 subjects.17,32 Providers could administer 25–50 

mg diphenhydramine po or IV; 4 mg IV or 4–8 mg ODT ondansetron; 6.25–25 mg of 

promethazine po, IV, or PR; or 4 mg dexamethasone IV.

Study Design

The authors designed and implemented a prospective, IRB-approved clinical trial with a 

retrospective comparison group to test the hypothesis that protocol implementation would 

reduce prevalence of PON and POV. The trial was registered with ClinicalTrials.gov 

(NCT01592708). Helsinki Declaration guidelines were followed.

Consecutive subjects at least 15 years old undergoing LeFort I osteotomy with or without 

additional procedures at a single academic institution between 7/2012 and 2/2013 were 

recruited as the intervention cohort receiving the above described protocol. Only patients 

undergoing a LeFort I osteotomy were recruited due to prior evidence that these subjects 

experience more PONV than those undergoing isolated mandibular osteotomy.1,2 Exclusion 

criteria included known or incidentally discovered prolonged QT interval (QTc>460), 

uncontrolled GERD or hiatal hernia, pre-existing hypertension per AHA guidelines, 

glaucoma, seizure disorder, COPD, chronic kidney disease stage III or greater, history of 

severe constipation, pre-existing chronic nausea or vomiting, allergies or contraindications 

to protocol medications or patient insistence on inhalational induction of anesthesia. A 
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trained research associate described the project to each subject and obtained written consent 

with verbiage consistent with ClinicalTrials.gov requirements.

The comparison group consisted of consecutively enrolled ASA I or II subjects from a larger 

IRB-approved study who underwent LeFort I osteotomy with or without additional 

procedures at the same institution from 6/2008 to 6/2012, prior to implementation of the 

PONV protocol.2 Several exclusion criteria were added for the intervention cohort based on 

contraindications to protocol medications.

All orthognathic surgical procedures were performed by oral and maxillofacial surgery 

faculty and residents at The University of North Carolina. Rigid fixation was used to 

stabilize osteotomy sites. Intermaxillary elastic traction was used postoperatively.

Variables and Data Collection

The primary predictor variable in this study was treatment modality – protocol 

implementation in the intervention group versus anesthetic technique at providers’ discretion 

in the comparison group.

The primary outcome variables, experience of PON or POV, were extracted from medical 

records. A subject was considered to have experienced PON if there were nursing or 

provider notes about nausea or if rescue medications were administered for nausea. A 

subject was considered to have experienced POV if there were nursing or provider notes 

about emesis or if emesis was recorded in the subject’s intake and output record.

Secondary outcome variables were time to wake-up, length of PACU stay and length of 

hospital stay; all were collected from time stamps in the medical record. Time to wake-up 

was defined as the interval from surgery end to leaving the OR. Length of PACU stay was 

defined as time from arrival in the PACU till the patient was ready to leave the PACU to be 

transported to the floor, a time point noted in the record by PACU nursing staff when 

standard criteria were met. This interval was used in lieu of total time in the PACU as 

subjects may remain in the PACU once suitable for transport secondary to a lack of staff or 

bed availability rather than a patient-based need for prolonged PACU care. Length of 

hospital stay was defined as time from admission order to discharge order.

Additional patient-related, intraoperative, and postoperative variables were collected from 

medical records for both the intervention and comparison groups. Patient-related variables 

included demographic characteristics, as well as established patient-related risk factors for 

PONV including female gender, non-smoking status, and history of PONV or motion 

sickness.3,33 Other implicated factors were also assessed, such as migraine headaches, low 

ASA status, and younger age.1,3,34 Potential surgery-related intraoperative risk factors for 

PONV included duration of surgery (from incision to surgery end), subsets of surgery type 

(LeFort I alone or LeFort I and mandibular surgery), and additional procedures 

performed.6,17,34 Protocol violations in the intervention cohort and anesthesia medications 

in the retrospective cohort, as well as total IV fluids given in the OR and PACU in mL/kg 

were recorded. Postoperative variables included analgesics given in the PACU and on the 

floor and postoperative steroid dosing regimen.
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All data were independently reviewed by two individuals; if differences were noted the 

record was jointly reviewed to arrive at a consensus and assure accuracy.

Data Analysis

Bivariate comparisons between the intervention and control groups were performed using 

Fisher’s Exact Test for nominal variables and Exact Wilcoxon Rank Sum Test for 

continuous variables. Logistic regression was used to compare the likelihood of nausea and 

vomiting in the two cohorts controlling for age, risk category, type of surgery, segmental 

maxillary osteotomy, genioplasty, third molar removal, additional procedures, and surgery 

time (SAS V9.1). Level of significance was set at 0.05.

RESULTS

Ninety-six consecutively enrolled subjects operated between 7/2012 and 1/2014 were 

recruited for the intervention cohort. Three intervention subjects for whom the multimodal 

protocol was grossly violated (ie a volatile agent was used for maintenance and no 

adjunctive medications were administered) were excluded. Data for the remaining 93 

subjects were analyzed based on intention to treat.

The comparison cohort included 137 subjects operated between 6/2008 and 6/2012.

The intervention and comparison groups did not differ statistically and were similar overall 

in terms of gender, age, race, and proportion of subjects with known risk factors for PONV 

(Table 1).

Surgical factors

A similar percentage of intervention and comparison subjects underwent bimaxillary 

surgery, were treated with segmental LeFort I osteotomy, had third molars removed, and had 

genioplasty performed. Surgery time was greater than 180 minutes for a similar percentage 

of subjects in each cohort (Table 1).

Thirty three percent of subjects in each group underwent mandibular bone graft harvest. 

Additional procedures such as cranial bone graft harvest, anterior iliac crest bone graft 

harvest, condylectomy, and submental liposuction were performed in 31% of intervention 

subjects and in 28% of comparison subjects.

Anesthesia factors

The intervention protocol was followed precisely in 26 of the 93 subjects. Minor violations 

of the protocol, such as missing a dose of erythromycin or droperidol (most common), 

hydration to <25 mL/kg or very brief administration of nitrous oxide or a volatile agent were 

seen in the remaining subjects.

In the comparison group, all but 3 subjects (98%) received volatile anesthetic and 54% 

(n=74) received nitrous oxide. Most (97%, n=133) received ondansetron in the OR and 50% 

(n=68) received droperidol. Thirty six percent (n=49) received ketorolac. Eighty percent 

(n=109) received at least 25 mL/kg of intravenous fluids.
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Postoperative factors

Sixty nine percent (n=94) of comparison subjects received morphine either during or after 

surgery. Sixty one percent (n=84) received acetaminophen with codeine.

Most subjects, 72% in each cohort, received more than one dose of postoperative 

methylprednisolone.

PACU and Hospital Length of Stay, Time to Wake Up

Median time to wake up was 12 minutes (IQR 9–20) for the intervention cohort and 12 

minutes (IQR 9–18) for the comparison cohort.

Overall there was little difference between the intervention cohort and the comparison 

cohort in terms of PACU stay or total hospital stay: Median PACU stay was 87.5 minutes 

(IQR 72–107.5) for the intervention cohort and 87 minutes (IQR 64–112) for the 

comparison cohort (P=0.67). Median length of hospital stay was 26.4 hours (IQR 23.5–32.6) 

for the intervention cohort and 28.2 hours (IQR 23.5–41.4) for the comparison cohort 

(P=0.07). When evaluating LeFort I surgery alone versus bimaxillary surgery, though, 

median length of hospital stay for those who underwent bimaxillary surgery tended to be 

shorter in the intervention cohort – 27.3 hours (IQR 24–40.7) – than in the comparison 

cohort – 37.7 hours (IQR 25.5–42.6). This difference approached statistical significance 

(P=0.07).

Postoperative nausea and vomiting

When evaluated by surgery type (LeFort I only or bimaxillary), those who underwent 

bimaxillary surgery experienced a non-statistically significant trend towards slightly more 

nausea and vomiting than those who had LeFort I osteotomies. For those who had LeFort I 

osteotomies, 22% of the intervention cohort and 64% of the comparison cohort experienced 

postoperative nausea (PON). Of those who had bimaxillary osteotomies, 25% of the 

intervention cohort and 74% of the comparison cohort experienced PON. For those who had 

LeFort I osteotomies, 8% of the intervention cohort and 22% of the comparison cohort 

experienced postoperative vomiting (POV). Of those who had bimaxillary osteotomies, 13% 

of the intervention cohort and 33% of the comparison cohort experienced POV. (Figure 1)

Prevalence of postoperative nausea was significantly lower in the intervention group than 

the comparison group (24 versus 70%, P<0.0001). After controlling for demographic and 

surgical characteristics, patients in the comparison cohort were 8.9 times more likely to 

experience nausea than those in the intervention cohort (Table 2). Prevalence of 

postoperative vomiting was likewise significantly lower in the intervention group than the 

comparison group (11 versus 28%, P=0.0013). After controlling for demographic and 

surgical characteristics, patients in the comparison cohort were 3.7 times more likely to 

experience vomiting than those in the intervention cohort (Table 3).
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Time to First Recorded Nausea or Vomiting

Median time to first recorded nausea or vomiting for the intervention cohort was 5.4 hours 

(IQR 3.2–7.7). Median time to first recorded nausea or vomiting for the comparison cohort 

was 4.4 hours (IQR 2.7–6.3).

In the first hour after surgery, only 4% (4 of 93) of the intervention cohort and 6% (8 of 137) 

of the comparison cohort experienced PONV. Including those who experienced nausea in 

the first hour, during the first four hours, 9% (8 of 93) of the intervention cohort and 28% 

(39 of 137) of the comparison cohort experienced PONV. The remainder experienced 

PONV after 4 hours. The timing of PONV was not statistically significantly different 

between the groups (P=0.31).

DISCUSSION

This study’s primary objective was to compare experience of PONV in subjects undergoing 

LeFort I osteotomy managed with a multimodal antiemetic protocol as compared to subjects 

managed conventionally. The protocol synthesizes multiple modalities shown to be effective 

both in orthognathic surgery patients22,35 and in other surgical populations.17,21 As 

hypothesized, the protocol resulted in a clinically and statistically significant reduction in 

experience of both PON and POV after LeFort I osteotomy with or without additional 

procedures.

The study’s secondary aim was to assess time to wake-up, length of PACU stay, and length 

of hospital stay in the comparison versus intervention cohorts. There was no significant 

difference in time to wake-up or length of PACU stay between cohorts, nor was there a 

difference in time to discharge for those undergoing isolated LeFort I osteotomy. There was 

a trend towards decreased length of hospital stay in intervention subjects undergoing 

bimaxillary osteotomies; the impact of reduction in PONV on length of hospital stay merits 

continued attention.

Anesthesia factors and postoperative analgesic regimens were the primary targets of this 

multimodal protocol to prevent PONV. Most subjects in the comparison group did receive 

standard therapies directed at reduction of nausea and vomiting such as steroids and 

ondansetron with or without droperidol. Despite this the comparison subjects in this study 

fared significantly worse in terms of PONV than did intervention subjects, for whom 

multiple therapies were implemented to maximize control of PONV. These findings are 

consistent with reports that multimodal therapy is superior to single agent therapy in other 

high-risk surgical populations.17,21

The high prevalence of PONV in the comparison group of patients undergoing LeFort I 

osteotomy is consistent with that reported in the largest retrospective study examining 

PONV in 514 orthognathic surgery patients. Of the 126 subjects in that study who 

underwent maxillary osteotomy alone 44% experienced PONV. Of the 101 subjects who 

underwent bimaxillary surgery, 56% experienced PONV. The statistically significant risk 

factors for PONV cited as most important by the authors included younger age, a history of 
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predisposing factors especially a prior history of PONV, use of a volatile agent, longer 

surgery duration, procedures involving the maxilla, and use of postoperative opioids.1

These findings highlight strengths of the current study: The intervention and comparison 

groups are similar to one another in terms of many acknowledged risk factors for PONV, 

including age; gender; predisposing factors for PONV such as non-smoking status, history 

of motion sickness, and prior history of PONV; and surgery duration. Increased prevalence 

of PONV in the current comparison group compared with those reported by Silva et al can 

be attributed to increased surgery time;6 one group reported a 60% increase in risk of PONV 

in ambulatory surgery patients with each 30 minute increase in surgery time up to 180 

minutes.34 Most (61%) of the comparison subjects in this study had a surgery time of > 180 

minutes while few (less than 10%) of those described by Silva et al had a surgery time 

exceeding 120 minutes. This is further supported by another group’s assertion that 89% of 

subjects experienced PONV when orthognathic surgery time was longer than 165 minutes.7

There have been conflicting reports of the impact of TIVA on PONV in the orthognathic 

surgery population.7,36,37 Farah et al examined two regimens to achieve deliberate 

hypotension in just 20 orthognathic surgery patients and concluded that, in contrast to prior 

studies, those subjects anesthetized without the use of a volatile agent experienced more 

PON than those managed with a volatile anesthetic. However, though they report a 40% 

prevalence of PON in those managed without a volatile agent, they also describe a more 

alarming 40% prevalence of POV in those who received volatile anesthetic.36 Tabrizi et al 

reported a trend towards more PONV while in the PACU in 30 subjects managed with a 

volatile agent (17%) than in 32 subjects managed with TIVA (3%).7 Chegini et al also 

examined the impact of volatile anesthetic with longer-acting opioids (n=30) versus a TIVA 

with remifentanil and propofol (n=21). There was a nonsignificant trend towards more 

PONV in the first four hours after surgery in the group receiving a TIVA (14%) than in the 

group receiving a volatile agent (10%).37

Though both of the latter groups report lower prevalence of PONV than presented in this 

study, this is likely attributable to the short duration of evaluation: Tabrizi et al only 

examined PONV while subjects were in the PACU (mean 66 and 72 minutes for each 

group). Their findings are congruent with those of the current study, in which only 4% of the 

intervention group and 6% of the comparison group experienced PONV in the first hour 

after surgery. Chegini et al limited their evaluation of PONV to the first four hours after 

surgery, during which time our rates of PONV were 9% for the intervention arm and 28% 

for the comparison arm. Perhaps differences in response to the regimens would have 

emerged with longer follow up duration.

A handful of studies have examined the impact of other individual variables on PONV in 

orthognathic surgery patients. Piper et al suggested that monotherapy with a 5-HT3 receptor 

antagonist can reduce PONV in orthognathic surgery patients.35 Another group 

demonstrated that subjects whose postoperative pain was managed primarily with codeine 

experienced statistically significantly more nausea after orthognathic surgery (60%) than did 

those managed by naproxen with codeine for breakthrough or with morphine sulfate (16%); 

there was no difference in POV (19%).22 Ichinohe et al reported no difference in PONV 

Brookes et al. Page 10

J Oral Maxillofac Surg. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



after bimaxillary surgery when adding nitrous oxide to a propofol-based TIVA; their report 

focused on ASA I, female, nonsmoking patients with no history of PONV or motion 

sickness. Subjects also received prophylactic dexamethasone, had no neostigmine, and had a 

nasogastric tube left in place overnight. The authors reported similarly low rates of PON 

(21%) and POV (7%) in this comparatively low risk group to those found in the current 

study.38

The multiple modalities employed in this study achieved clinically and statistically 

significant reduction in both PON and POV after LeFort I osteotomies. Though some 

investigation has been carried out to determine the impact of individual strategies employed 

in the multimodal regimen presented in this study, the use of a multimodal protocol impedes 

the ability to discern the impact of individual protocol components in this particular study. 

Many separate studies would be required to fully characterize the effect of each component. 

The SAMBA guidelines were updated in 2014 and no longer recommend minimization of 

neostigmine as a strategy to reduce risk of PONV due to conflicting evidence about its 

efficacy, suggesting this portion of the protocol may have limited benefit.39 Additional 

investigation will be especially important as newer agents, such as the neurokinin–1 (NK-1) 

receptor antagonists and longer acting 5HT-3 receptor antagonists as in palonosetron, 

become more widely available and affordable.40–43

Even though the comparison subjects were prospectively enrolled, the medical record 

assessment was retrospective. A randomized clinical trial was not warranted at the initiation 

of this study given the lack of evidence to support the effectiveness of the intervention 

protocol. If a randomized clinical trial is pursued in the future, the difficulty and expense of 

masking the medical staff who are responsible for reporting perioperative outcomes would 

need to be addressed. Another reason for the non-concurrent comparison group was to allow 

comparison to a group treated at the same institution with “as is” practice without the 

potential introduction of bias by alerting anesthesia providers to the extent of the PONV 

problem in patients undergoing LeFort I osteotomy. The under-recognition of this group as 

high risk likely contributes to the high rate of PONV these patients experience; education of 

the anesthesia community is critical. Limitations related to the use of a retrospective 

comparison cohort include slight differences in exclusion criteria that could be confounding 

factors. Evaluation of patient satisfaction with control of PONV was not feasible as this 

question was not part of the larger study containing the comparison subjects. However, prior 

studies suggest that patient satisfaction is strongly impacted by experience of PONV;15,16 

this is an important issue in an elective surgical population.

CONCLUSION

This multimodal protocol significantly reduced both PON and POV after LeFort I osteotomy 

with or without additional procedures. The investigation alerted the authors to the need to 

communicate about the high prevalence of PONV after LeFort I osteotomies with anesthesia 

providers. Additional investigation into the role of individual protocol components in 

reduction of PONV, impact of improved control of PONV on duration of hospital stay, 

experience of nausea and vomiting following discharge from the hospital, and impact of 

PONV on patient satisfaction are warranted.
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Figure 1. 
A) Prevalence of postoperative nausea in comparison versus intervention cohorts overall and 

by surgery type

B) Prevalence of postoperative vomiting in comparison versus intervention cohorts overall 

and by surgery type
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Table 1

Comparison of demographic and surgery-related traits between comparison and intervention cohorts

Trait Comparison Cohort
n (%)

Intervention Cohort
n (%)

P value

Female 89 (65%) 54 (58%) 0.29

Caucasian 95 (71%)* 67 (72%) 0.85

Bimaxillary surgery 82 (60%) 56 (60%) 0.96

Segmental LeFort 46 (34%) 29 (31%) 0.70

3rd molars removed 60 (44%) 46 (49%) 0.40

Genioplasty 52 (38%) 33 (35%) 0.70

Surgery time > 180 minutes 81 (59%) 59 (63%) 0.51

Median (IQR) Median (IQR)

Age 20 (17–24) 19 (17–23) 0.75

Risk factorsǂ Comparison Cohort
n (%)

Intervention Cohort
n (%)

P value

0 or 1 43 (31%) 37 (40%)

0.342 73 (53%) 42 (45%)

3+ 21 (15%) 14 (15%)

ǂ
Risk factors include female gender, non-smoking status, history of migraines, history of PONV, and history of motion sickness.

*
Data missing for 3 subjects
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Table 2

Likelihood of the Occurrence of Nausea: Odds Ratios and 95% Confidence Intervals

Trait Odds Ratio Conf Int
Lower Bound

Conf Int
Upper Bound

Group 8.9 4.6 16.9

Age 1.3 0.6 2.6

Risk Category 1.0 0.5 2.1

Bimaxillary surgery 1.1 0.5 2.6

Segmental LeFort 1.2 0.8 1.80

3rd molars removed 1.9 1.0 3.9

Genioplasty 1.6 0.8 3.2

Additional procedures 1.2 0.6 2.4

Surgery time 0.3 0.1 0.8
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Table 3

Likelihood of the Occurrence of Vomiting: Odds Ratios and 95% Confidence Intervals

Trait Odds Ratio Conf Int
Lower Bound

Conf Int
Upper Bound

Group 3.7 1.7 8.1

Age 0.9 0.4 2.0

Risk Category 1.3 0.6 3.0

Bimaxillary surgery 0.5 0.2 1.4

Segmental LeFort 0.4 0.2 1.00

3rd molars removed 1.3 0.6 2.6

Genioplasty 2.1 0.9 4.6

Additional procedures 0.4 0.2 1.0

Surgery time 1.4 0.5 3.7

J Oral Maxillofac Surg. Author manuscript; available in PMC 2016 February 01.


