Indian Journal of Otolaryngology and Head & Neck Surgery
https://doi.org/10.1007/s12070-023-03854-7

ORIGINAL ARTICLE ™

Check for
updates

Positive End-Expiratory Pressure in Rhinoplasty Surgery; Risks and
Benefits

Ali Faghih Habibi' - Ali Ashraf? - Zahra Ghanavi® - Maryam Shakiba* - Shadman Nemati' - Vahid Aghsaghloo’

Received: 6 February 2023 /Accepted: 2 May 2023
© Association of Otolaryngologists of India 2023

Abstract

Aims The aim of this study is to evaluate the effect of Positive End Expiratory Pressure (PEEP) on surgical field bleeding
and its respiratory and hemodynamic consequences in rhinoplasty surgeries.

Materials and methods This single-blind clinical trial performed in Amir Al-Momenin university Hospital in 2018. Seventy
cases of rhinoplasty surgery patients Enrolled and were randomized into two groups; intervention (PEEP=5) and com-
parison group (PEEP=0). Surgical field bleeding and arterial oxygen saturation pulmonary dynamics and hemodynamic
parameters were evaluated during operation and in post anesthesia care unit. Data were analyzed by SPSS software using
descriptive and analytical statistics.

Results PEEP applying had no negative effect on surgical bleeding as well as surgeon satisfaction, heart rate and blood pres-
sure were similar in two groups. Pulmonary dynamics and oxygenation were stable and within normal values in all cases.
The mean peak airway pressure was 17.87+2.24 in the PEEP group and 16.08 +3.37 in the ZEEP group (P=0.029).
Conclusion applying low level PEEP during anesthesia improved recovery oxygen saturation but had no negative effects on

the patient's hemodynamics, and did not aggravate bleeding and visual clarity.

Keywords Anesthesia -+ PEEP - Rhinoplasty - Rhinoplasty Surgery

Introduction

Rhinoplasty is a common operation as a cosmetic sur-
gery. According to the researches in Iran, 180 out of every
100,000 population underwent rhinoplasty surgery per year,
which is considered to be one of the highest rates of rhi-
noplasty in the world [1, 2]. Rhinoplasty is performed in
a narrow space area at the proximity of vital and delicate
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tissues as orbits and sinuses and skull base, thus bleeding
during surgery that reduces the surgeon's sight of view, can
cause surgical complication [3]. Surgical field bleeding can
lead to unwanted events and increase the risks of surgical
complications such as prolonged anesthesia and surgery and
needs to be managed, it can increase surgical stress for the
patient and can annoys surgeon and anesthesiologist [4].
Reducing bleeding can make surgery easier and can lead
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to positive surgical progression in these conditions. Nasal
mucosa is enriched of blood vessels and blood flow. This
rich blood flow provides heat and humidifies the inhaled
air. Therefore, spontaneous or traumatic bleeding can hap-
pen in this area. The existence of a common capillary net-
work and rich blood flow causes excessive bleeding during
surgery [5]. The benefits of a clean and blood-free surgery
field on the outcomes of these patients are widely accepted
by surgeons and anesthesiologists as well as patients [6, 7].
Different technics as patient’s head elevation and position,
deliberate hypotension or antithrombolytic medications like
tranexamic acid has been recommended and used for this
reason [3]. The use of positive end-expiratory pressure has
become common due to its beneficial respiratory effects in
the postoperative phase, especially in prolonged operation
and obese patient’s surgery and patients undergoing lapa-
roscopy [8, 9]. However, PEEP may increase intrathoracic
pressure and thus reduce venous return. Some authors have
suggested that venous congestion of the head and neck may
cause poor surgical vision due to increased bleeding, but
that lowering blood pressure following PEEP may also
compensate the earlier effect of peep [10, 11]. Several stud-
ies have been performed to determine the ideal amount of
PEEP so as not to disturb hemodynamics and to improve
oxygen delivery [12, 13]. The application of different levels
of PEEP has been suggested to treat atelectasis and improve
arterial oxygenation status [14, 15]. According to the high
prevalence of rhinoplasty in Iran and especially in Guilan
province, also the lack of similar studies on the effect of
peep in these surgeries [16, 17], we decided to investigate
the effect of positive end expiratory pressure on respiratory
and hemodynamic parameters and intraoperative bleeding
in Rhinoplasty patients referred to Amir Al-Momenin Hos-
pital in 2019.

Methods

This study is a single-blind randomized clinical trial per-
formed in Amir Al-Momenin university hospital from 2018
to 2019, patients aged 18 to 40 years referred for rhinoplasty
enrolled in this study. Ethical approval for the study was
obtained by the Local Research Ethics Committee of Guilan
University of Medical Sciences and the study adhered to
the tenets of the World Medical Association Declaration of
Helsinki (REC.1396.400). After obtaining written informed
consent, patients were randomly divided into two groups of
34 using a random generator program. In the PEEP (group
A), positive expiratory end pressure of 5 cm of H20 was
applied and ZEEP (group B) underwent ventilation during
rhinoplasty without applying PEEP. Age gender weight and
height as demographic data were recorded and hemodynamic
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condition as systolic and diastolic blood pressure heart rate
and arterial oxygen saturation were monitored during anes-
thesia an in-recovery hall in 30 min intervals.

Patients with a history of anticoagulants, aspirin or
NSAID and opioid drugs abuse and addiction, or underly-
ing lung disease were excluded. The study conditions were
explained to the patients by the relevant physician and
informed consent was obtained for participating in the study.
Patients were randomly divided into two groups of interven-
tion and comparison by random sequencing. The random
ratio was 1: 1 and a random sequence was prepared from the
Random generator program. Patients were assigned based
on sequences determined by the anesthesia nurse. 5 cm of
water peep was applied for the intervention group (group A)
and no PEEP (0 cm H20) was used in the comparison group
(group B) All patients underwent surgery and anesthesia
using (Drager Fabius plus anesthesia machine, Germany)
with airway pressure monitoring. All hemodynamic and
respiratory parameters and oxygen saturation were recorded
as zero study time before the intervention. After prescrib-
ing Midazolam 1-2 milligram as premedication, Pre-oxy-
genation, Fentanyl 1.5-2 micg/kg as analgesic medication
injected, anesthesia induced by injection of 0.2 mg/kg
cisatracurium and 1.5 mg/kg Propofol. Tracheal Intubation
was done 3—4 min later under view of direct laryngoscopy
Macintach blade. mechanical ventilation with a 8ml / kg
tidal volume and respiratory rate of 10—12 b/m for the group
B as intervention 5 cm of H20 applied in form of PEEP.
Anesthesia and operation were conducted with Total intra-
venous anesthesia (TIVA) method by infusion of propofol
remifentanil to achieving BIS (bispectral Index) between 40
and 60. The amount of suctioned blood from fiels of sur-
geru as milliliter and surgeon satisfaction from field as the
Boezaart index were recorded and compared in two groups.
At the end of operation, reversal of the muscle relaxants
confirmed with the train of four and double burst index.
After extubation patient transferred to the post anesthesia
care unit (recovery). The changes of each characteristic
were measured and finally, the two groups were compared
in terms of variables.

Statistical Analysis

The obtained data were analyzed by SPSS 22 software using
descriptive and analytical statistical tests. Data normality
was measured by the KS test. Chi-square and t-test were
used to compare the underlying variables and covariance
analysis and the GEE test was used to compare the changes
in blood and respiratory indices between the two groups at
different times and measure values before the intervention.
The significance level was considered below 0.05. Sample
size based on the results of a pilot study on 16 patients and
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Table 1 Preoperative Data

Table 3 Quality of Surgical Field (Boezaart Grading System)

Variable group PEEP group ZEEP P
(n=34) group value
(n=34)

Gender Man 1(2.9) 1(2.9)

Female 33(97.1) 33(97.1) 0.1
Mean age Less than 20 8(22.5) 7(20.6)
(year) 20-30 18(52.9) 14(41.2)

More than 30 8(23.5) 13(38.2) 0.415
Mean BMI  Less than 19 3(8.8) 4(11.8)

19-25 22(64.7) 16(47.1)

25-30 8(23.5) 9(26.5)

More than 30 1(2.9) 5(14.7) 0.282

BMI: body mass index, PEEP: positive end-expiratory pressure,
ZEEP: zero added PEEP.

Table 2 Surgical Field in Functional

group Mean + SD P-value
Peak airway Pressure ~ PEEP 17.87+3.24

ZEEP 16.08+3.37 0.029
Plateau airway PEEP 14.74+2.79
Pressure ZEEP 13.56+2.82 0.086
Tidal Volume PEEP 547+89.28

ZEEP 556.5+£97.07 0.675
ET CO2 PEEP 28.41+1.43

ZEEP 29.71+1.11 0.0001
During surgery PEEP 99.21£0.62

ZEEP 98.13+0.72 0.639
Recovery time PEEP 98.02+1.36

ZEEP 98.1+1.2 0.79

PEEP: positive end-expiratory pressure, ZEEP: zero added PEEP,
ETCO2: End-tidal CO2 (mm Hg)

estimating the following indicators in the rate of bleeding
between the two pilot groups, and considering the 90%
power and 95% confidence level and 20% of the sample loss
using the conventional sample volume formula compared
Two averages of 34 people in each group were calculated.

Results

The mean age of the PEEP group was 26.0+6.74 years and
the ZEEP group was 27.05+6.85 years. 66 (97.1%) of the
total sample were female, and 2 (2.9%) were male. A Chi-
square test was used to evaluate the homogeneity of groups
in terms of demographic variables. The results showed that
there was no statistically significant relationship between
the frequency distribution of gender (P=0.1), age groups
(P=0.415), and BMI categories (P=0.282) in rhinoplasty.
Also, using the t-test, it was found that there was no statisti-
cally significant difference between the mean age of the two
groups (P=0.523) (Table 1).

Grade Assessment of surgical PEEP ZEEP P-value

field
0 No bleeding.

1 Slight bleeding—no suc-
tioning required.

5(14.7)  0(0)
11(32.4)  10(29.4)

2 Slight bleeding, occa-
sional suctioning required.
The surgical field is not
threatened.

8(23.5) 11(32.4)

3 Slight bleeding—frequent
suctioning required. Bleed-
ing threatens surgical field
a few seconds after suction
is removed.

4 Moderate bleeding—fte-
quent suctioning required.
Bleeding Threatens the
surgical field directly after
suction is removed.

8(23.5) 11(32.4)

259)  1(2.9)

5 Severe bleeding—constant  0(0) 0.163
suctioning required. The

bleeding appears faster

than can be removed by

suction. The surgical field

is severely threatened and

surgery not possible.

1(2.9)

The mean values of (Plateau airway Pressure) (cm of
water) were higher in PEEP group but the difference was
not statistically significant (P=0.86).

Mann-Whitney and t-test showed that mean values of
maximum airway pressure (cm H20) had significantly statis-
tical different (P=0.029) in two groups rhinoplasty patients
with PEEP and ZEEP. There was no statistically significant
difference between; ventilation tidal volume, CO2 pressure
in exhaled air (End-tidal CO2), Boezaart index values and
surgical field bleeding (ml) between case and control groups
(Table 2), (Table 3). Using Fisher’s generalized test, it was
found that there was no statistically significant relationship
between the frequency distribution of the Boezaart index
score between two groups (P=0.163) (Table 3). By using
of independent t-test and Mann-Whitney tests, it was found
that there was no statistically significant difference between
the mean percentage of arterial blood oxygen saturation
(O2-Saturation) during surgery (P=0.916) and recovery
(P=0.79), in two groups. Also, there was no statistically sig-
nificant difference between the mean systolic blood pressure
(mmHg) during surgery (P=0.616) and recovery (P=0.529)
in two groups and also between the mean diastolic blood
pressure (mmHg). A significant association between surgery
(P=0.604) and recovery time (P=0.432) and the mean heart
beats rate per minute during surgery (P=0.88) and recov-
ery time (P=0.096) in the two groups was not observed
(Table 4). Using the chi-square test, found that needs for
antihypertensive drugs for deliberate hypotention and blood
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Table 4 Intraoperative Data

Timeline group Mean+SD P-value
O,-Saturation During surgery PEEP  99.21+0.62 0.639
ZEEP  98.13+0.72
Recovery time PEEP  98.02+1.36 0.79
ZEEP  98.1+1.2
Systolic blood During surgery PEEP  100.85+6.4 0.616
pressure (mm ZEEP  101.85+9.65
Hg) Recovery time PEEP  119.7+16.31 0.529
ZEEP 121.95+12.74
Diastolic During surgery PEEP  62.96+8.28 0.604
blood pres- ZEEP  64.05+8.93
sure (mm Hg)  pecovery time PEEP  78.28+11.81  0.809
ZEEP  79.01+12.83
Heart rate During surgery PEEP  81.3+6.65 0.88
(bpm) ZEEP  80.97+10.73
Recovery time PEEP  83.88+11.26  0.096
ZEEP  79.12+11.99

PEEP =positive end-expiratory pressure; ZEEP =zero added PEEP.

Table 5 Frequency distribution of the need for the antihypertensive
drug during surgery in two groups

Period Group Need to PEEP ZEEP P-value

time inject the antihy-
pertensive drug

Start YES 3(8.8) 5(14.7) P=0.709

surgery  NO 31(91.2) 29(85.3)

15 min YES 9(26.5) 6(17.6) P=0.38
NO 25(73.5) 28(82.4)

30 min YES 9(26.5) 7(20.6) P=0.709
NO 25(73.5) 27(79.4)

45 min YES 3(8.8) 2(5.9) P=0.64
NO 31091.2) 32(94.1)

60 min YES 1(2.9) 0(0) P=0.314
NO 33(97.1) 34(100)

75 min YES 0(0) 0(0)
NO 34(100) 34(100)

pressure control during surgery was not statistically sig-
nificant between the groups(P=0.215). According to the
results of the chi-square test and Fisher’s exact test, it was
found that there is no statistically significant relationship
between the need for an injection of an antihypertensive
drug from the time of surgery to 75 min (during surgery) in
both groups (P<0.05). Also, at 75 min after surgery, none of
the patients in two groups studied needed antihypertensive
drugs. (Table 5)

The amount of bleeding was measured by recording the
amount of suctioned blood during the operation and cal-
culating its difference with the amount of serum used for
washing. Surprisingly intraoperative bleeding was lower in
the PEEP group (71.61 £46.65) and in the non-application
group was 108.23 £101.52 although Mann-Withney U test
showed that bleeding rate (ml) two groups of PEEP and
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ZEEP have not statistically significant difference but apply-
ing positive end-expiratory pressure (P=0.06).

Discussion

During general anesthesia diaphragm and respiratory mus-
cles are paralyzed and oxygenation and safety of anesthe-
sia depends on how much alveolar recruitment is preserved
and recovered after that in post anesthesia period. Apply-
ing PEEP can theatrically improve respiratory parameters
although at the same time can reduce cardiac output and
stimulate cardio accelerator fibers to compensate the hemo-
dynamic and cardiac output changes. These make anesthe-
siologist to hesitate using peep as a protective strategy. At
the same time peep can reduce right heart blood return and
head and neck vessels engorgement that increase risk of
bleeding in surgeries in these areas. Based on the results of
this study PEEP application even in a short period of time
(during surgery) improved oxygenation indices in patients
under ventilation and also during post anesthesia care. As in
similar studies, no statistically significant differences were
observed between two groups in any of the demographic
indicators [18, 19]. Local bleeding in rhinoplasty is diffi-
cult to control due to the anatomical and pathological fea-
tures of that area [18]. In our study applying PEEP not only
interfered bleeding or surgical field blood loss but also these
where not significantly lower in this group of rhinoplasty
surgery that it can be due to hemodynamic and cardiac oup
put effect of PEEP, the same as another study in hepatic sur-
gery in 2016, that showed volume of blood lost in the PEEP
group was 275 cc and in the group without PEEP 500 cc,
which according to our study, no negative effect and exag-
gerated bleeding observed [20]. In this study, the mean
systolic and diastolic blood pressure of patients during
surgery was 100- and 62-mm Hg and 101- and 78-mm Hg
in PEEP and ZEEP group, respectively, but no significant
relationship was observed between PEEP use and pressure
changes in patients. The mean postoperative blood pres-
sure of patients in both groups was higher than intraopera-
tive pressure. Post operative pressure was higher in PEEP
than ZEEP group but not significantly. Similar results were
obtained in other studies [18, 21, 22]. The mean heart rate
of patients during surgery was almost equal in two group’s
comparison and there was no evidence of unfavorable effect
of PEEP on patient’s heart rate. The results of other studies
also showed that patient’s heart rate during surgery was not
affected by PEEP [23, 24]. The mean oxygen saturation in
two groups of PEEPS and ZEEP was almost equal (99%
during surgery and 98% during recovery). Other studies had
similar results as ours [18, 19]. In our study, the mean maxi-
mal airway pressure (Peak airway pressure) in PEEP group
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was 24.3+£87.17 and in ZEEP group was 37.3+08.16. This
difference was significant between the groups (P=0.029). In
this study, as in another similar study, plateau airway pres-
sure was higher in group PEEP than in group ZEEP [19,
25], but no significant statistical difference was observed
between two groups. In PEEP group, the mean ventilation
tidal volume was 547+ 89.28 ml and in ZEEP group, this
was 556.5+97.07 ml and no statistically significant differ-
ence was observed between the two groups (P=0.675).

Conclusion

In general, it can be concluded that in this study, PEEP apply-
ing does not have negative prominent hemodynamics effect
and the surgeon’s visual acuity was not disturbed. PEEP
not only not increased blood loss but also controlled better
its severity may be by cardiac out put effects. PEEP had a
positive role in improving intraoperative and postanesthesia
arterial oxygenation saturation. So in at risk patients who
oxygenation is a critical subject PEEP during surgery, can
be considered to reduce the incidence or severity of compli-
cations and to respiratory complications.

Authers suggestion is to study PEEP in special conditions
and also population like different body mass indexes or repi-
ratory parameters to be able taking right decision in positive
pressure ventilation during surgery and prevent unwanted
pulmonary complications due to mechanical ventilation.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s12070-
023-03854-7.
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