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Background: Controlled hypotension (CH) provides a better surgical environment and reduces operative time.  
However, there are some risks related to organ hypoperfusion. The EV1000/FloTrac system can provide continuous 
cardiac output monitoring without the insertion of pulmonary arterial catheter. The present study investigated 
the efficacy of this device in double jaw surgery under CH. 
Methods: We retrospectively reviewed the medical records of patients who underwent double jaw surgery between 
2010 and 2015. Patients were administered conventional general anesthesia with desflurane; CH was performed 
with remifentanil infusion and monitored with an invasive radial arterial pressure monitor or the EV1000/FloTrac 
system. We allocated the patients into two groups, namely an A-line group and an EV1000 group, according 
to the monitoring methods used, and the study variables were compared. 
Results: Eighty-five patients were reviewed. The A-line group reported a higher number of failed CH (P = 
0.005). A significant correlation was found between preoperative hemoglobin and intraoperative packed red 
blood cell transfusion (r = 0.525; P < 0.001). In the EV1000 group, the mean arterial pressure (MAP) was 
significantly lower 2 h after CH (P = 0.014), and the cardiac index significantly decreased 1 h after CH (P 
= 0.001) and 2 h after CH (P = 0.007). Moreover, venous oxygen saturation (ScVO2) decreased significantly 
at both 1 h (P = 0.002) and 2 h after CH (P = 0.029); however, these values were within normal limits. 
Conclusion: The EV1000 group reported a lower failure rate of CH than the A-line group. However, 
EV1000/FloTrac monitoring did not present with any specific advantage over the conventional arterial line 
monitoring when CH was performed with the same protocol and same mean blood pressure. Preoperative 
anemia treatment will be helpful to decrease intraoperative transfusion. Furthermore, ScVO2 monitoring did 
not present with sufficient benefits over the risk and cost. 
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INTRODUCTION

  Controlled hypotension (CH) or hypotensive anesthesia 
is one of the several anesthetic methods to decrease 
bleeding and blood transfusion during surgical procedures 
[1]. Moreover, it provides a better surgical environment 

and reduces the time involved in hemostasis, thereby 
shortening the operative time [2]. The current data 
retrieved from several articles indicate that mean arterial 
blood pressure (MBP) within the range of 50 to 65 mmHg 
is safe for young and healthy patients [3-5]. 
  Orofacial area has complex vascularization and is 
susceptible to excessive bleeding during orthognathic 
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surgery [6]. For double jaw surgery, CH has remained 
a common method of anesthesia owing to decreased 
bleeding and related complications [1,4,5,7]. Several 
studies on drugs and monitors used during CH have been 
conducted to implement CH more safely [2,7-11]. 
However, there exists no definite standard for patient 
monitoring during CH. For instance, our team did not 
have a large experience in performing CH for more than 
2 h during double jaw surgery. Moreover, we found it 
challenging to perform CH, and certain members of our 
team believed that monitoring the arterial blood pressure 
alone is insufficient to ensure the patient’s safety. In this 
regard, we assumed that CH would be safe if the patient’s 
cardiac output stayed within the normal range although 
the blood pressure was lower than that from the 
pre-anesthetic status. However, cardiac output monitoring 
requires invasive procedures such as pulmonary artery 
catheter insertion and is susceptible to risks of 
complications and increased medical costs. 
  The EV1000/ FloTrac system (Edwards Lifesciences; 
Irvine, CA, USA) can provide valuable data on continuous 
cardiac output, cardiac index, and pulse pressure 
variation, and requires minimally invasive procedures 
when compared to pulmonary arterial catheterization [12]. 
Furthermore, the venous oxygen saturation of the superior 
vena cava could be monitored using the PreSep Oximetry 
Catheter connected with the EV1000 system [13]. We 
tried to use these devices in patients who were undergoing 
double jaw surgery to improve their safety while perfor-
ming CH. However, there were differences of opinion 
within our team over the usefulness of the equipment and 
its cost-effectiveness. For several years, there was no 
definite guideline for the monitoring devices for CH 
during double jaw surgery, and anesthesiologists selected 
the device according to their preference. The present 
study assessed the effectiveness of these monitoring 
devices over the use of continuous radial arterial blood 
pressure monitoring alone. 

MATERIALS AND METHODS

  The study protocol was approved by the Institutional 
Review Board of Dankook University Hospital (DKUH 
IRB No. 2019-02-008). We retrospectively reviewed the 
anesthetic and hospital records of patients who were 
treated at the Department of Oromaxillofacial Surgery of 
the Dankook University Hospital (Cheonan, Republic of 
Korea) between 2010 and 2015. Patients were identified 
using the hospital database of medical records, which 
were searched using the following keywords for operation 
name: “Le Fort I osteotomy,” “double jaw,” and “bilateral 
sagittal split ramus osteotomy (BSSRO).” 
  Inclusion criteria included patients with age ranging 
within 18 to 40 years who underwent double jaw surgery 
(Le Fort I osteotomy with BSSRO), more than 2 h of 
continuous CH (target mean arterial pressure [MAP]: 55–
65 mmHg) with remifentanil and desflurane anesthesia, 
and arterial blood gas analysis every hour. Exclusion 
criteria included the following: Patients under the age of 
18 years and those above 40 years; patients with a history 
of systemic diseases (hypertension and diabetes mellitus), 
short operative time (less than 2.5 h), different methods 
of performing CH, inadequate documentation of anes-
thetic records, inadequate laboratory data during anesthesia, 
and history of congenital abnormality (e.g., cleft palate). 
Patients were assigned to two groups as follows: those 
who were monitored using only the continuous radial 
artery pressure monitoring device were assigned to the 
A-line group and those monitored using the EV1000/ 
FloTrac device were assigned to the EV1000 group. 
  Selected patients were anesthetized using the same 
protocol and the same surgeon performed the surgery. 
Patients were monitored with conventional monitoring 
devices including automated cuff for measuring the blood 
pressure, arterial oxygen saturation, and electrocardio-
gram. Anesthetic induction was performed with propofol 
1.5 mg/kg, rocuronium 0.6 mg/kg, and remifentanil 
infusion. Anesthesia was maintained with 7 to 10 vol% 
of desflurane and intermittent dose of rocuronium. CH 
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was achieved with increasing remifentanil infusion of 
0.05 to 0.5 µg/kg/min and the target MBP ranged from 
55 to 65 mmHg. We did not use any other hypotensive 
drug other than remifentanil. We used remifentanil 
instead of vasodilators to perform CH because we 
assumed that proper pain control with remifentanil would 
decrease the hypertensive reaction to painful surgical 
procedures that facilitated CH. Invasive pressure moni-
toring with radial arterial catheter insertion was 
performed in both the groups. The A-line group was 
monitored with the invasive radial arterial pressure 
monitor only, whereas the EV1000/FloTrac system and 
continuous venous oxygen saturation monitoring central 
venous catheter (Edwards Lifesciences) were used to 
monitor the cardiac output and venous oxygen saturation 
in the EV1000 group. In the A-line group, fluid therapy 
was performed with a crystalloid solution with or without 
a colloid solution. If the heart rate was higher than 
90/minute, volume challenge with 300 mL of crystalloid 
solution was performed. If the total crystalloid solution 
infusion was more than 2000 mL, the volume change was 
switched to a colloid solution. The colloid solution was 
infused to replace the blood loss. The target urine output 
was 1 mL/kg, and PRBC transfusion was performed if 
the hemoglobin level was lower than 9 g/dL during the 
surgery. Intravenous ephedrine 5 mg was used when the 
systolic pressure lowered to below 70 mmHg, and the 
remifentanil dose was adjusted.  
  In the EV1000 group, goal-directed volume manage-
ment was performed, target stroke volume variation was 
under 10%, and if it increased over 10%, volume challenge 
was performed with 300 mL of crystalloid solution. The 
colloid infusion protocol was the same as that in the 
A-line group. The target urine output was 1 mL/kg and 
the PRBC transfusion was performed if the hemoglobin 
level was lower than 9 g/dL during the surgery. The target 
cardiac index was over 2.5 L/min/m2, and if it decreased 
below 2.5 L/min/m2, we administered an intravenous 
injection of ephedrine 5 mg. The target ScVO2 was 
maintained over 75%.
  Data on changes in the arterial blood gas analysis 

during CH, the volume of fluid infusion, operative time, 
intensive care unit stay time, hospital stay, and periope-
rative blood transfusion during double jaw surgery were 
collected. Data on blood pressure, blood gas analysis, 
cardiac index, ScVO2, and urine output were collected 
at pre-CH, 1 h after the induction of CH (CH 1 h), 2 
h after CH (CH 2 h), and 1 h after the end of CH. 
  The total fluid volume during the surgery was recorded 
as crystalloid, colloidal, and transfused red blood cells 
per body weight. Comparisons between the two groups 
were performed using the paired t-test, and patients’ 
demographic data were analyzed using the Chi-square and 
Fisher’s exact tests. Linear regression tests were 
performed to analyze the variables associated with the 
transfusion of packed red blood cells. Statistical analyses 
were performed using the SPSS 18.0 (IBM Corporation; 
NY, USA). P-values less than 0.05 were considered 
statistically significant.  

RESULTS 

  Based on the data collected from the hospital database, 
85 patients who had undergone double jaw surgery (Le 
Fort I osteotomy with bilateral sagittal split osteotomy) 
were included in the study. Thirty-five patients were 
allocated to the EV1000 group and were monitored using 
the EV1000 system, whereas 50 patients were allocated 
to the A-line group. We excluded 24 patients owing to 
incomplete records and inappropriate CH (Fig. 1). 
Patients in the A-line group reported a greater number 
of failed CH (P = 0.005). Finally, 61 patients reported 
successful CH. Out of these 61 patients, 31 were included 
in the EV1000 group and 30 were included in the A-line 
group. 
  There were no statistical differences between the two 
groups in terms of age, sex, height, body weight, and 
the class of ASA (Tables 1 and 2). The operative time 
and length of CH in the A-line group were significantly 
shorter than those in the EV1000 group (operative time: 
P = 0.003, length of CH: P = 0.001; Table 2). There 
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Table 1. Patient characteristics (there were no differences between the two groups)

Patient characteristics EV1000 group A-line group P-value
Age (years)  23.55 ± 4.56  22.03 ± 4.78 0.211
Body weight (kg)   65.62 ± 14.61   64.00 ± 11.31 0.632
Height (cm) 169.48 ± 8.39 168.63 ± 7.66 0.681
Sex (male / female) 12 / 19 12 / 18 0.563
ASA (Class I / II) 30/ 1 30 / 0 0.508

Values are mean ± SD and number of patients.  

Table 2. Time-related results and mean arterial blood pressure during the operation

Variables
EV1000 group A-line group

P-value
(N = 31) (N = 30)

Operative time (min) 288.39 ± 46.33 250.17 ± 48.62 0.003*
Length of CH (min) 197.26 ± 45.59  159.0 ± 35.56 0.001*
Hospitalization days  8.29 ± 1.49  8.17 ± 0.46 0.665
ICU care (hours) 50.90 ±16.90   42.8 ± 14.84 0.053

MBP Pre-CH (mmHg)  80.65 ± 9.89  82.13 ± 6.95 0.501
MBP CH 1 h (mmHg)  61.91 ± 5.38  62.89 ± 4.67 0.453
MBP CH 2 h (mmHg)  60.98 ± 3.80  63.71 ± 4.57 0.014*
MBP CH end (mmHg)  79.53 ± 9.27  81.70 ± 8.37 0.341

Values are mean ± SD. CH: controlled hypotension time, MBP: Mean arterial Blood Pressure, Min: minutes, Pre-CH: before controlled hypotension, 
CH 1 h: one hour after controlled hypotension, CH 2 h: two hours after controlled hypotension, CH end: 1 hour after the end of controlled hypotension, 
N: number of patients.

Fig. 1. Flow chart of the included cases. CH: controlled hypotension, N:  number of patients, MBP:  mean arterial blood pressure

was no statistical difference between the two groups in 
the days of hospitalization and intensive care unit 
admission time (Table 2). 
  The MBP during surgery was not significantly different, 
except for the CH 2 h reported in the EV1000 group that 

showed significantly lower MBP (P = 0.029). There was 
no difference between the two groups with respect to the 
crystalloid solution infusion volume and transfusion. 
However, the colloid infusion volume was significantly 
larger in the EV1000 group (P = 0.001, Table 3). There 
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Table 3. Estimated blood loss, urine output, and infused fluids (crystalloid, colloid, and PRBC)

Variables
EV1000 group A-line group

P-value
(N = 31) (N = 30)

Blood loss (ml/kg)  19.6 ± 10.1  15.2 ± 8.3 0.069
Crystalloid (ml/kg)  38.38 ± 18.93   39.45 ± 19.23 0.828
Colloid (ml/kg) 25.34 ± 8.24  16.84 ± 6.36 0.001*
PRBC (unit/Bwt)
     (unit)

0.023 ± 0.03
 1.258 ± 1.591

  0.018 ± 0.021
  1.133 ± 1.279

0.480
0.261

Hemoglobin (g/dL)
Pre CH  13.9 ± 1.67   13.3 ± 1.51 0.150
  CH 1 h 11.13 ± 1.90  10.87 ± 1.52 0.550
  CH 2 h  9.96 ± 1.33   9.78 ± 1.36 0.601
  CH end  9.99 ± 1.16  10.16 ± 1.20 0.590
Urine output (ml/kg)       
  CH 1 h  2.10 ± 1.86   2.76 ± 2.05 0.195
  CH 2 h  1.97 ± 1.31   2.84 ± 1.73 0.032*
  CH end  2.73 ± 2.20   3.50 ± 2.56 0.178

Values are mean ± SD. Bwt: body weight, Pre CH: before the initiation of controlled hypotension, CH 1 h: one hour after controlled hypotension, 
CH 2 h: two hours after controlled hypotension, CH end: onehour after the end of controlled hypotension

Table 4. Changes of Cardiac index and ScVO2 from Pre-CH to CH 1 h, CH 2 h, and CH end during controlled hypotension in EV1000 group

Cardiac Index (L/min/m2) P-value ScVO2 (%) P-value
Pre-CH 5.37 ± 1.7  86.94 ± 4.57
CH 1 h 4.34 ± 1.5  P = 0.001*  84.65 ± 4.04  0.002*
CH 2 h  4.48 ± 1.27  P = 0.007*  85.10 ± 4.44  0.029*
CH end  5.83 ± 1.95 P = 0.091  86.81 ± 2.56 0.856

Values are mean ± SD. CH 1 h: one hour after controlled hypotension, CH 2 h: two hours after controlled hypotension, CH end: one hour after 
the end of controlled hypotension, ScVO2: subclavian venous oxygen saturation.

Preoperative hemoglobin

Fig. 2. Scatter plot with regression line between preoperative hemoglobin
and packed red blood cells transfusion.

was no difference between the two groups with regard 
to the results of changes in the intraoperative blood gas 
analysis. The EV1000 group showed slightly less volume 
of urine output in CH 2 h. However, both the groups 
reported more than 1 mL/kg/h of urine output (Table 3). 
  In the EV1000 group, the cardiac index significantly 
decreased at CH 1 h (P = 0.001) and CH 2 h (P = 0.007). 
Moreover, the ScVO2 decreased significantly at CH 1 h 
(P = 0.002) and CH 2 h (P = 0.029). However, these were 
within normal limits (Table 4). There was a significant 
correlation between the preoperative hemoglobin and 
intraoperative PRBC transfusion values (r = 0.525; P < 
0.001; Fig. 2); however, the values were otherwise 
unremarkable (Table 5). One patient in the A-line group 
had a wound infection in the oral cavity on the third 
postoperative day that was surgically treated; the patient 
recovered without any other complications. There was no 

specific complication related to CH after the surgery. 
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Table 5. Associations of intraoperative transfusion of PRBC with preoperative hemoglobin, operation time, controlled hypotension time, and mean arterial 
pressure by univariate linear regression analyses

Variables β ± SE P-value
Preoperative hemoglobin -0.533 ± 0.02  0.001*
Operation time  0.158 ± 0.001 0.336
Controlled hypotension time  -0.06 ± 0.001 0.969
MBP-PreCH   0.14 ± 0.001 0.901
MBP CH1 -0.009 ± 0.001 0.947
MBP CH2 -0.124 ± 0.001 0.334

MBP: mean arterial blood pressure, PreCH: previous to controlled hypotension, CH1: 1 hour after the initiation of controlled hypotension, CH2: 2 hours 
after the initiation of controlled hypotension, SE: standard errors

DISCUSSION

  The present study did not report any significant 
differences in the perioperative MAP (except at CH 2 
h), variables of arterial blood gas analysis, crystalloid 
solution infusion, blood loss, transfusion, hospitalization 
days, and ICU admission. Patients in the EV1000 group 
reported significantly less MBP and urine output 2 h after 
CH; however, it was higher than the target urine output 
(1 mL/kg/h). Both groups were treated with a similar 
method of CH, except for the monitoring device, and both 
groups successfully achieved acceptable CH that followed 
a similar outcome. However, 10 patients of the A-line 
group were excluded (none in the EV1000 group) owing 
to failure to perform acceptable CH; the EV1000 group 
showed significantly lower MBP at CH 2 h. A possibility 
could be that the information from EV1000 devices 
showed that adequate blood flow was maintained when 
performing CH, allowing more aggressive treatment. The 
pulse pressure variation was a good parameter for proper 
fluid management that resulted in more volume 
replacement [14].  
  We observed that the cardiac index and ScVO2 
decreased significantly; however, these values were 
within normal limits and arterial blood gas results 
remained normal while performing CH. These findings 
confirmed the safety of CH from 50 to 65 mmHg in 
young healthy patients that was reported previously [3-5]. 
In this regard, the EV1000/FloTrac device might be 
helpful to successfully maintain CH. 

  Although monitoring devices provide useful infor-
mation, the equipment are expensive and the application 
is invasive with related complications. We need to 
consider these aspects while selecting the monitoring 
devices for CH. Based on the results of the present study, 
we would like to consider the use of the EV1000/FloTrac 
device to monitor continuous cardiac output. However, 
ScVO2 monitoring did not provide enough benefits for 
2 to 3 h of CH in young healthy patients. It significantly 
decreased during CH; however, the values were always 
more than 80% at all time points and the target ScVO2 
value in a critically ill patient was maintained over 70%. 
Moreover, all patients reported better scores [15]. Further-
more, we required subclavian central venous catheter 
insertion to monitor ScVO2 that has its own risks of 
several complications including infection, subclavian 
artery puncture, hemothorax, and pneumothorax [16]. 
  The higher preoperative hemoglobin found in patients 
correlated with low intraoperative PRBC transfusion 
values (Fig. 2). If a patient is anticipating double jaw 
surgery and has low preoperative hemoglobin, aggressive 
preoperative anemia management should be considered 
to decrease the perioperative transfusion [17]. 
  The present study has several limitations. This is a 
retrospective review of the cases from the hospital 
medical database. Although we used the same anesthetic 
protocol including the same drugs, name for the 
procedure, monitoring device, and target blood pressure, 
this study was neither prospective nor randomized. The 
timing of the patient’s operation was not evenly distri-
buted. We collected data from 2010 to 2015, and all 
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patients operated on from 2015 were allocated to the 
A-line group and none to the EV1000 group owing to 
the anesthesiologist’s preference. After 2015, the 
surgeon’s skill had improved, resulting in reduced CH 
time (less than 2 h). Moreover, we could not include more 
patients after 2015. This probably was the reason for the 
shorter operative time in the A-line group than in the 
EV1000 group. 
  In conclusion, the use of EV1000/FloTrac monitoring 
system showed lesser CH failures; however, there was 
no presenting specific advantage over the conventional 
arterial line monitoring device if CH was performed with 
the same protocol and the same MBP. The EV1000/ 
FloTrac device provided information related to systemic 
circulation, including continuous cardiac output and pulse 
pressure variation, and proved advantageous over the 
conventional arterial line transducer when performing 
CH. The MBP ranging from 55 to 65 mmHg was 
considered safe with regard to results including arterial 
blood gas analysis, urine output, and ScVO2. The ScVO2 
monitoring did not present enough benefits over its risks 
and costs involved in a well-managed CH (MBP 55–65 
mmHg) in young healthy patients. 
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