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Introduction
Chronic rhinosinusitis (CRS) is an inflammation of the nose 
and paranasal sinuses that persists for 12 or more weeks.1,2 
When appropriate medical therapy fails to resolve symptoms 
of CRS, functional endoscopic sinus surgery (FESS) is indi-
cated.3 Problematically, the nasal and sinus mucosa is highly 
vascularized and therefore prone to bleeding when performing 
functional endoscopic surgery.4,5 Excessive mucosal oozing 
decreases intraoperative visibility, prolongs surgery time, and 
increases the risk of serious orbital or skull base injuries, includ-
ing blindness and cerebrospinal fluid (CSF) leak.6 Certain sur-
gical and anesthetic techniques such as head elevation with the 
reverse Trendelenburg position, nasal decongestion, local anes-
thetics, and controlled hypotension (ie, safely reducing mean 
arterial pressure [MAP]) can limit intraoperative mucosal 
bleeding, thereby improving visibility.4,5,7 Given the possibility 
of drug interactions, it is important to identify medications 
used in these methods that optimize a safe blood pressure (BP) 
goal without interfering with surgical field visibility.

Labetalol is a mixed alpha-beta adrenergic blocker that 
reduces BP and heart rate (HR); however, its alpha-blockade 
may offset the decongestant effects of topical epinephrine, a 
potent adrenergic receptor agonist used to improve visibility.8,9 
Esmolol, a selective beta-1 adrenergic blocker, reduces HR and 
MAP, and is not expected to interfere with topical epineph-
rine.10 Our study is a double-blind randomized trial comparing 
the effects of esmolol and labetalol on intraoperative visibility 
and hemodynamic parameters during FESS.

Materials and Methods
Patients

A total of 172 patients were assessed for inclusion in the study. 
Among these, 134 patients were excluded and 38 patients were 
enrolled (Figure 1). Written informed consent was obtained 
from each patient enrolled in the study. The University of 
Texas Medical Branch Institutional Review Board approved 
the study (IRB # 15-0309). Our inclusion criteria included age 
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18 or older; a history of CRS with or without nasal polyps; 
planning to undergo FESS for CRS; and classified by the 
American Society of Anesthesiologists (ASA) as either physi-
cal status 1 (healthy) or 2 (patient with mild systemic disease). 
Exclusion criteria included pregnancy; a history of asthma, 
obstructive pulmonary disease, sinus bradycardia, severe brady-
cardia, heart failure, end-stage renal disease, cerebrovascular 
accident, or diabetes mellitus; preoperative use of nonsteroidal 
anti-inflammatory drugs (NSAIDs), aspirin, or beta-blockers; 
and body mass index (BMI) greater than 40 kg/m2.

Assignment and blinding

Patients were assigned to receive either esmolol or labetalol 
based on a computer-generated random sequence of binary 
numbers (0 = esmolol, 1 = labetalol) obtained before the enroll-
ment period. This random sequence was used for drug assign-
ment during sequential recruitment throughout the trial. Only 
the study coordinator knew the drug assignments, until it was 
disclosed to the anesthesiologists the day of operation. The 
surgeon was blinded to drug assignments and their administra-
tion with drapes, concealment tape on drug bags, and anesthe-
siologist discretion.

Anesthesia protocol

Anesthesia for this procedure used a balanced technique. The 
anesthesia protocol was developed to anticipate surgical stimu-
lation as well as application of vasoactive agents administered 
for surgical exposure. Induction for patients in both drug 
groups consisted of 1 to 2 mg of midazolam, 1 to 3 μg/kg of 

fentanyl, 40 to 100 mg of lidocaine, and 2 to 4 mg/kg of propo-
fol. After adequate ventilation and oxygenation were estab-
lished, 0.05 to 0.10 mg/kg of intravenous (IV) vecuronium was 
administered prior to intubation.

Sevoflurane was used to achieve safe, controlled hypoten-
sion (MAP: 70 mm Hg for normotensive subjects and 
80 mm Hg if the subjects had a history of hypertension) and an 
HR of 70 bpm and was initially adjusted up to 2% end-expired 
sevoflurane. Once 2% end-expired sevoflurane was reached, the 
anesthesiologist had the liberty to administer an additional 
2 μg/kg of fentanyl for the entire surgery. Once sevoflurane and 
fentanyl reached their maximum acceptable dose, labetalol or 
esmolol was used to restore MAP and HR. For the labetalol 
drug group, aliquots of 10 mg were administered via slow intra-
venous push (IVP) every 10 minutes to achieve the MAP goal 
and HR goal, with a maximum dose of 300 mg for the duration 
of the surgery. For the esmolol group, IV esmolol (10 mg/mL 
solution) was infused at a rate of 0.1 mg/kg/min and titrated to 
achieve the MAP goal and HR goal, with a maximum dose of 
0.3 mg/kg/min. If the maximum dosage was exceeded in either 
group and MAP remained 10 mm Hg above the target range, 
the anesthesiologist had discretion to administer other agents. 
If MAP fell below 60 mm Hg (70 mm Hg in subjects with a 
history of hypertension), the vasopressor phenylephrine was 
administered to re-establish MAP.

Surgical technique

For the entire procedure, the patients were placed in a supine 
position with 30 degrees of reverse Trendelenburg position. Initial 
local vasoconstriction was achieved with bilateral endonasal 

Figure 1. Study recruitment and allocation.
MAP indicates mean arterial pressure.
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application of oxymetazoline-soaked pledgets for 5 to 10 minutes. 
Topical 1:1000 epinephrine was also applied with cottonoid 
pledgets to the lateral nasal wall mucosa over the sphenopalatine 
recess, to the middle meatus, and to all polyps when present, and 
was then applied every 15 minutes to control bleeding and visibil-
ity. Endoscopic sinus surgery was then performed in the routine 
fashion by M.R.C.

Patients undergoing an inferior turbinate submucous resec-
tion and/or septoplasty also received injections of local anes-
thesia with 1:100 000 epinephrine into their septal and/or 
turbinate mucosa. Computed tomography (CT) scans of the 
patients were reviewed, and the severity of their sinus disease 
was rated using the Lund-Mackay (LM) scoring system.11

Outcome measures and statistical analysis

The primary outcome in this study was a comparison of hemo-
dynamic parameters (rate of blood loss defined as estimated 
blood loss [EBL] per minute [EBL/min]) and surgical field vis-
ibility during FESS between the esmolol and labetalol groups.

All procedures were recorded and reviewed for their entire 
duration to determine intraoperative visibility at 15-minute 
intervals. Scores were given using validated surgical field grad-
ing scales (Boezaart, Wormald).12–15 The minimum Boezaart 
score of 0 indicates no bleeding (cadaveric conditions), whereas 
the maximum score of 5 indicates severe bleeding (constant 
suctioning required). The minimum Wormald score of 0 indi-
cates no bleeding, whereas the maximum score of 10 indicates 
severe bleeding (sphenoid fills < 10 seconds). The mean and 
SD for both grading scales were then determined. EBL was 
determined at the conclusion of the case, and rate of blood loss 
was calculated by dividing the total operative EBL by the dura-
tion of the procedure in minutes. In a previous study, we found 
suction canister volume estimation to be equivalent to calculat-
ing blood loss based on precise hemoglobin concentration 
measurements.16

Secondary outcomes included the duration of anesthesia, 
duration of surgery, time spent in the post-anesthesia care unit 
(PACU), average MAP, average HR, usage and amount of res-
cue pressor medication (phenylephrine), amount of fentanyl 
administered (μg/kg), average end-tidal expired sevoflurane, 
and average end-tidal carbon dioxide (ETCO2). The mean val-
ues and SD were then determined for each of these secondary 
outcomes.

All data for the study outcomes were analyzed with the 
Wilcoxon rank sum test, which was used to compare the loca-
tion shifts between the groups in 2-sided hypothesis testing. 
The P-value was based on asymptotic Wilcoxon 2-sample test 
with a continuity correction of 0.5. The 95% confidence inter-
val for the location shift was based on Hodges-Lehmann esti-
mation. Categorical data (sex) were analyzed with the 
chi-square test. Results were analyzed using the statistical pro-
gram IBM SPSS Statistics (Version 24). P-value < .05 was 
considered significant a priori to the study.

Results
Of the 38 patients recruited for the study, 32 received either study 
drug, with 17 patients receiving esmolol and 15 patients receiving 
labetalol. Six patients enrolled did not require their allocated 
study drug and were thus excluded from the analysis. The opera-
tive video recordings of 2 esmolol patients were not recovered, so 
they were excluded from the analysis. In the electronic medical 
record of 2 esmolol patients, there were no CT scans available, 
and therefore their LM scores could not be determined; they 
were also excluded from the analysis. The demographic informa-
tion and baseline characteristics (age, sex, BMI, LM scores, con-
current septoplasty) were not statistically different between the 2 
drug groups (Table 1). The operating surgeon did not note a dif-
ference in nasal polypoid disease between the 2 drug groups.

There were no complications during surgery and all cases 
were completed as intended. There were no statistically signifi-
cant differences in the duration of surgery, anesthesia, or PACU 
stay between the drug groups (Table 2).

The group comparisons on all outcomes did not show a sig-
nificant difference (P > .05). There was no statistically significant 
difference between esmolol and labetalol in the Boezaart surgical 
field visibility grading scale (3.12 [0.69] vs 3.09 [0.89], P = .85, 
df = 28). There was also no statistically significant difference 
between esmolol and labetalol using the Wormald surgical field 
visibility grading scale (6.12 [1.72] vs 5.93 [1.91], P = .72, df = 28).

There were no statistically significant differences in total 
EBL or rate of blood loss between the 2 drug groups. Total 
EBL was 85.67 (54.01) mL in the esmolol group and 78.33 
(48.28) mL in the labetalol group (P = .79, df = 30). The average 
rate of blood loss was 0.59 (0.28) mL/min in the esmolol group 
and 0.67 (0.37) mL/min in the labetalol group (P = .62, df = 30).

There were no statistically significant differences in any of the 
secondary outcomes. The esmolol average MAP was 79.69 
(7.47) mm Hg, whereas the labetalol average MAP was 79.37 
(7.70) mm Hg (P = .93). There were also no statistically signifi-
cant differences in HR: the average intraoperative HR in the 
esmolol group was 72.14 (8.68) bpm, compared with labetalol 
with 67.81 (11.65) bpm (P = .26, df = 30). The average amount of 
fentanyl given to the esmolol group was (2.06 [1.2] μg/kg) and 
that given to the labetalol group was (2.31 [1.2] μg/kg) (P = .58). 
There was no statistically significant difference between the 
average intraoperative ETCO2 concentration in the esmolol 
(36.8 [3.0] mm Hg) vs labetalol (35.6 [2.4] mm Hg) group. 
There was no statistically significant difference in the pressor use 
between the esmolol (296.3 [363.1] μg) and labetalol (650.0 
[940.3] μg) groups (P = .15). The difference in mean end-expired 
sevoflurane percentage was not statistically significant between 
the 2 groups (1.68% esmolol vs 1.66% labetalol, P = .81).

Patients stratified according to their severity of sinus dis-
ease, as measured by the LM scoring system (more severe ⩾ 10 
LM subgroup vs less severe ⩽ 9 LM subgroup), did not show 
any statically significant differences in any of the study out-
comes between esmolol and labetalol (Tables 3 and 4). There 
were no statistically significant differences in age, BMI, or sex 
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distribution between esmolol patients in both stratified groups. 
This was also true for the 2 stratified labetalol groups.

Discussion
Surgical management for CRS is indicated when appropriate 
medical therapy fails. However, mucosal bleeding represents a 
major limitation to FESS by increasing the risk of intraopera-
tive injuries to the skull base and orbit. A variety of methods 
have been used to reduce mucosal bleeding; these include 
reverse Trendelenburg position, controlled hypotension, topical 
decongestants (eg, oxymetazoline and epinephrine), local anes-
thetic injection (eg, lidocaine), preoperative steroids, and selec-
tive use of anesthesia (eg, total intravenous anesthesia [TIVA], 
inhalational).17–22 The aim of this study was to compare the 
effects of labetalol and esmolol on hemodynamic parameters 
and surgical visibility outcomes during FESS.

Our results showed that the rate of blood loss was compara-
ble between the groups, and that both esmolol and labetalol are 
thus reasonable choices while performing FESS. In this regard, 
our findings are consistent with a number of other studies 
comparing either esmolol or labetalol with alternative agents 
such as sodium nitroprusside and nitroglycerin.13,23–25

We did not observe any difference in visibility scores between 
esmolol and labetalol; both drugs provided adequate visibility 
for the FESS procedure. This finding is noteworthy because, as 
mentioned earlier, labetalol can theoretically counteract the 
decongestant effects of topical epinephrine. As the surgeon 
assigning visibility scores was blinded to the study drug, our 
results suggest that labetalol does not limit the benefits of topi-
cal epinephrine. The reasons for this limited interaction are 
unclear. Regardless of the mechanisms involved, however, our 
findings suggest that either labetalol or esmolol may be used in 
conjunction with topical epinephrine to optimize visibility in 

the surgical field. Although our study suggests that these agents 
are equally effective in improving FESS visibility, at equivalent 
effective doses, labetalol is on average far cheaper than esmolol 
(one half to one tenth the price).26–28 This price difference 
should be considered in cost-benefit analysis to help clinicians 
and hospitals select the most appropriate medications for FESS.

To address potential concerns over our limited sample size, 
we ran a futility analysis based on the EBL data to see how 
many patients would be required to show significant differ-
ences in blood loss, and therefore mucosal visibility, between 
the drug groups. Given the small differences in blood loss per 
minute during surgery between the treatment groups (0.59 
compared with 0.66), and given the relatively large SDs 
obtained (0.28 and 0.37), 1245 patients would be required in 
each drug group (total N = 2490), using a unpaired t-test for the 
comparison, to show a statistically significant difference 
between the 2 treatments with a power of 0.8 and a type I error 
of 0.05. We thus conclude that a very large sample would be 
needed to show a significant difference in mucosal bleeding 
and visibility between esmolol and labetalol, and that continu-
ing our study for this purpose would be futile.

Strengths of our study include the use of validated visibility 
scores, recording the entire procedure with intraoperative video, 
and calculating the average bleeding rate from data points 
taken throughout the surgery. We also held MAP constant at a 
safe hypotensive goal to better isolate the rate of bleeding 
effects on FESS visibility. In addition, we randomized patients 
and they and our surgeon were blinded. However, our study has 
several limitations. First, all the patients analyzed received 
either study drug, and there were no control patients receiving 
placebo. A control group would have allowed us to assess the 
role of either agent on hemodynamics and surgical visibility 
compared with baseline anesthesia. Second, our blood loss 
measurements were estimated, which can result in minor devi-
ations from the actual blood loss values. Third, our mean HR 
values did not drop below 60, a level achieved by other beta-
blocker studies that found significant reductions in surgical 
bleeding and improvements in visualization.4,29 Finally, our 
study enrolled only ASA class 1 and 2 patients, so our results 
may not be applicable to FESS patients with other health 
comorbidities and higher ASA classifications.

Further research is needed to determine which anesthetic 
agents, when used in conjunction with either esmolol or 
labetalol, can result in the greatest improvement in intraopera-
tive visibility during FESS. The manner in which intraopera-
tive visibility can be best improved in patients with factors 
predisposing to hemodynamic instability (eg, heart failure, 
end-stage renal disease) should also be explored.

Conclusions
Our double-blind randomized trial found that esmolol and 
labetalol are equally effective during FESS; the 2 drugs did not 
yield statistically significant differences in the rate of blood loss 
or validated surgical field visibility scores.

Table 1. Demographic information and baseline characteristics 
of study patients.

ChARACTERiSTiCS ESMOLOL (N = 13) LABETALOL (N = 15)

Age (years)

 Mean (SD) 48.93 (18.35) 51.60 (18.42)

 Median (Q1, Q3) 58.0 (30.0, 64.0) 57.0 (34.0, 67.0)

Male, No. (%) 9/13 (69) 10/15 (67)

BMi (kg/m2)

 Mean (SD) 30.36 (4.87) 27.58 (3.32)

 Median (Q1, Q3) 30.8 (25.2, 34.7) 27.0 (25.2, 29.1)

Lund-Mackay score

 Mean (SD) 10.38 (6.78) 9.80 (3.23)

 Median (Q1, Q3) 10.0 (6.0, 14.0) 10.0 (7.0, 12.0)

Septoplasty, No. (%) 10 (67) 10 (67)

BMi, body mass index.
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Table 2. Comparing anesthesia and surgical parameters.

ChARACTERiSTiCS ESMOLOL (N = 13) LABETALOL (N = 15) P-vALUE
LOCATiON ShiFTa (95% Ci)

Duration (minutes)

 Surgery

  Mean (SD) 140.5 (49.73) 120.9 (28.62) .24
–20.0 (–53.0, 12.0)

  Median (Q1, Q3) 136.0 (95.0, 173.0) 129.0 (104.0, 138.0)

 Anesthesia

  Mean (SD) 193.2 (47.23) 175.2 (28.97) .32
–16.0 (–49.0, 17.0)

  Median (Q1, Q3) 193.0 (165.0, 217.0) 185.0 (151.0, 198.0)

 PACU

  Mean (SD) 113.0 (41.50) 90.73 (45.71) .23
–19.0 (–56.0, 12.0)

  Median (Q1, Q3) 109.0 (91.0, 139.0) 93.0 (69.0, 123.0)

EBL (mL)

 Mean (SD) 85.67 (54.01) 78.33 (48.28) .79
0.0 (–50.0, 30.0)

 Median (Q1, Q3) 70.0 (50.0, 150.0) 65.0 (50.0, 100.0)

Rate of blood loss (mL/min)

 Mean (SD) 0.59 (0.28) 0.66 (0.37) .62
0.03 (–0.20, 0.32)

 Median (Q1, Q3) 0.5 (0.3, 0.7) 0.6 (0.3, 0.9)

heart rate (bpm)

 Mean (SD) 72.14 (8.68) 67.81 (11.65) .26
–4.0 (–12.4, 3.6)

 Median (Q1, Q3) 69.0 (65.0, 78.2) 66.8 (61.1, 72.6)

Mean MAP

 Mean (SD) 79.69 (7.47) 79.37 (7.70) .93
–0.5 (–5.9, 6.5)

 Median (Q1, Q3) 80.5 (72.2, 87.1) 79.1 (76.5, 84.7)

Mean Boezaart score

 Mean (SD) 3.12 (0.69) 3.09 (0.89) .85
0.0 (–0.8, 0.6)

 Median (Q1, Q3) 3.0 (2.6, 3.6) 3.0 (2.3, 3.6)

Mean Wormald score

 Mean (SD) 6.12 (1.72) 5.93 (1.91) .72
–0.3 (–2.0, 1.0)

 Median (Q1, Q3) 6.0 (5.0, 7.7) 5.4 (4.3, 7.0)

Ci, confidence interval; EBL, estimated blood loss; MAP, mean arterial pressure; PACU, post-anesthesia care unit.
aLocation shift = group B – group A.
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Table 3. Subjects with more mild sinus disease based on Lund-Mackay scoring system (<10).

ChARACTERiSTiCS ESMOLOL (N = 6) LABETALOL (N = 5) P-vALUE
LOCATiON ShiFTa (95% Ci)

Duration (minutes)

 Surgery

  Mean (SD) 132.8 (41.20) 101.0 (32.98) .32
–31.0 (–96.0, 24.0)

  Median (Q1, Q3) 130.0 (95.0, 154.0) 104.0 (94.0, 119.0)

 Anesthesia

  Mean (SD) 185.5 (41.56) 150.0 (30.85) .12
–35.5 (–96.0, 20.0)

  Median (Q1, Q3) 185.5 (148.0, 208.0) 143.0 (135.0, 168.0)

 PACU

  Mean (SD) 116.0 (62.93) 87.60 (38.70) .52
–30.0 (–109.0, 55.0)

  Median (Q1, Q3) 123.0 (68.0, 151.0) 97.0 (69.0, 119.0)

EBL (mL)

 Mean (SD) 62.50 (24.44) 56.00 (26.08) .63
0.0 (–50.0, 30.0)

 Median (Q1, Q3) 60.0 (50.0, 75.0) 50.0 (50.0, 50.0)

Rate of blood loss (mL/min)

 Mean (SD) 0.48 (0.17) 0.61 (0.34) .65
0.1 (–0.3, 0.6)

 Median (Q1, Q3) 0.4 (0.3, 0.6) 0.4 (0.4, 1.0)

heart rate (bpm)

 Mean (SD) 75.13 (10.65) 70.78 (2.83) .78
–4.4 (–17.2, 10.0)

 Median (Q1, Q3) 73.6 (67.9, 85.1) 71.7 (71.7, 72.1)

Mean MAP

 Mean (SD) 78.45 (8.21) 83.95 (4.91) .24
6.5 (–3.4, 16.9)

 Median (Q1, Q3) 80.4 (70.3, 80.9) 82.1 (80.8, 87.2)

Mean Boezaart score

 Mean (SD) 3.21 (0.60) 2.72 (1.07) .41
–0.8 (–1.8, 1.3)

 Median (Q1, Q3) 3.0 (3.0, 3.5) 2.3 (2.0, 3.3)

Mean Wormald score

 Mean (SD) 6.08 (1.77) 5.89 (1.90) .78
–0.6 (–2.5, 2.7)

 Median (Q1, Q3) 6.0 (5.5, 6.5) 5.0 (4.8, 7.0)

Ci, confidence interval; EBL, estimated blood loss; MAP, mean arterial pressure; PACU, post-anesthesia care unit.
aLocation shift = group B – group A.
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Table 4. Subjects with more severe sinus disease based on Lund-Mackay scoring system (⩾10).

ChARACTERiSTiCS ESMOLOL (N = 7) LABETALOL (N = 10) P-vALUE
LOCATiON ShiFTa (95% Ci)

Duration (minutes)

 Surgery

  Mean (SD) 162.7 (45.31) 130.8 (21.49) .09
–39.0 (–74.0, 12.0)

  Median (Q1, Q3) 172.0 (119.0, 199.0) 131.0 (118.0, 146.0)

 Anesthesia

  Mean (SD) 216.1 (41.25) 187.8 (18.79) .14
–24.0 (–72.0, 17.0)

  Median (Q1, Q3) 215.0 (168.0, 260.0) 191.5 (174.0, 201.0)

 PACU

  Mean (SD) 114.1 (24.98) 92.30 (50.75) .41
–18.5 (–69.0, 24.0)

  Median (Q1, Q3) 123.0 (99.0, 136.0) 92.0 (71.0, 134.0)

EBL( mL)

 Mean (SD) 121.4 (56.69) 89.50 (53.93) .24
–37.5 (–100.0, 30.0)

 Median (Q1, Q3) 150.0 (50.0, 150.0) 85.0 (50.0, 125.0)

Rate of blood loss (mL/min)

 Mean (SD) 0.75 (0.32) 0.68 (0.40) .66
–0.1 (–0.5, 0.3)

 Median (Q1, Q3) 0.7 (0.5, 1.0) 0.7 (0.3, 0.9)

heart rate (bpm)

 Mean (SD) 69.89 (7.32) 66.33 (14.15) .22
–4.9 (–16.8, 9.3)

 Median (Q1, Q3) 67.1 (63.2, 76.2) 64.0 (58.0, 72.6)

Mean MAP

 Mean (SD) 79.22 (7.33) 77.07 (8.00) .73
–2.5 (–11.1, 7.0)

 Median (Q1, Q3) 80.9 (72.2, 87.1) 77.6 (71.2, 84.7)

Mean Boezaart score

 Mean (SD) 2.87 (0.75) 3.28 (0.77) .38
0.3 (–0.6, 1.2)

 Median (Q1, Q3) 3.0 (2.0, 3.6) 3.1 (2.8, 3.6)

Mean Wormald score

 Mean (SD) 5.75 (1.85) 5.96 (2.02) .88
0.2 (–2.3, 2.3)

 Median (Q1, Q3) 6.0 (3.6, 7.7) 5.6 (4.3, 7.0)

Ci, confidence interval; EBL, estimated blood loss; MAP, mean arterial pressure; PACU, post-anesthesia care unit.
aLocation shift = group B – group A.
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