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Abstract

Background: Intraoperative bleeding is one of the major challenges in rhinoplasty.

Objectives: This study aimed to evaluate the effect of pressure-controlled ventilation (PCV) versus volume-controlled

ventilation (VCV) modes on intraoperative bleeding during rhinoplasty.

Methods: In a double-blinded randomized clinical trial, 58 candidates for rhinoplasty were randomly assigned to the PCV or

VCV groups. Anesthesia was induced and maintained using the same total intravenous anesthesia (TIVA) method in both

groups. The amount of bleeding was assessed by counting blood-soaked gauze and measuring the content of the suctioned

fluid. Additionally, bleeding in the surgical field was assessed by the surgeon using the Boezaart criterion.

Results: The mean intraoperative bleeding volume was 30 ± 45 mL in the PCV group and 100 ± 120 mL in the VCV group (P <

0.001). According to logistic regression analysis, the odds of experiencing moderately severe or severe bleeding in the VCV

group were 5.4 times higher than in the PCV group. After adjusting for confounding variables, the odds ratio increased to 26.8

(95% CI = 1.2, 59.3).

Conclusions: The results of the study suggest that the pressure-controlled mode may lead to lower intraoperative bleeding

compared to the volume-controlled mode. The decrease in peak airway pressure is likely a contributing factor to this

observation.
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1. Background

One significant concern in rhinoplasty is
intraoperative bleeding, which can profoundly impact

both the outcome and the overall patient experience (1).

The nasal mucosa contains numerous blood vessels, and

the rich blood flow makes it susceptible to both

spontaneous and traumatic bleeding. The presence of a
common capillary network and abundant blood supply

can lead to excessive bleeding during surgery (2).

Severe intraoperative bleeding presents several

challenges during rhinoplasty. It can impair the

surgeon’s visibility, making it difficult to assess and

manipulate nasal structures accurately (2). This, in turn,

can lead to suboptimal surgical outcomes and may
necessitate additional corrective procedures.

Furthermore, severe bleeding increases the risk of

complications, including hematoma formation,

postoperative infections, and prolonged recovery

periods (1, 3, 4).

Existing evidence suggests that several factors

influence intraoperative bleeding during rhinoplasty (5,
6). These factors include the patient's positioning,

certain medications, the type of analgesia used, and the
ventilation mode employed (3, 7-9). Improving
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intraoperative mechanical ventilation plays a crucial

role in reducing various complications (10).

The type of ventilation, one of the key factors

affecting intraoperative bleeding, influences the

amount of bleeding by altering intrathoracic pressure,

venous blood flow, and blood pressure (11, 12). The choice

of ventilation mode should be made according to the

patient's condition, the type of surgery, and other

related factors (13). Additionally, careful monitoring of

the patient's hemodynamic status and adjusting

ventilator parameters during the operation are essential

for optimal outcomes (14).

Notably, previous studies have shown that pressure-

controlled ventilation (PCV) modes offer advantages

over volume-controlled ventilation (VCV) in reducing

intraoperative bleeding and improving surgical
outcomes (11, 15-17). However, most of these studies have

primarily focused on supine and lower limb surgeries

(11, 15-17), with limited data available on the impact of

VCV and PCV modes in surgeries such as rhinoplasty.

2. Objectives

The present study aims to address this gap in the
literature by comparing the effects of VCV and PCV on

intraoperative bleeding in patients undergoing

rhinoplasty surgery.

3. Methods

3.1. Study Design

The current study employed a randomized, double-
blind, parallel-group trial design. It was conducted at

Hazrat-e Fatemeh Hospital, Iran University of Medical

Sciences, between 2021 and 2022.

3.2. Ethics Approval

The study received ethical approval from the Iran

University of Medical Sciences Ethics and Review Board,

with the assigned ethics code IR.IUMS.FMD.REC.1400.517.

Before participation, all patients were fully informed

about the study protocol, and informed consent was

obtained from each participant. The trial was registered

at the Iran Clinical Trial Registry, with the registry code

IRCT20101026005026N13.

3.3. Inclusion and Exclusion Criteria

The study included elective cases referred to the

Plastic and Reconstructive Surgery Center for

rhinoplasty surgery. Participants were required to be

between 18 and 50 years old, with a physical status of

American Society of Anesthesiologists (ASA)

classification I or II. Exclusion criteria included patients

with a Body Mass Index (BMI) over 35, coagulation
disorders, heart disease, lung disease, use of

anticoagulant and antiplatelet drugs, or herbal
medications that could affect the coagulation system.

Patients with any of these conditions were excluded

from the study.

3.4. Randomization and Concealment

Patients were randomly assigned to either PCV or VCV

modes using a table of random numbers. To ensure

random allocation, the randomization order was

generated (random sequence generation). Researchers

first determined the order in which the numbers in the

table would be read (e.g., up, down, left, or right). Then,

a number from the table was selected randomly, and the

subsequent numbers were chosen based on the

predetermined direction. Even numbers were assigned

to the PCV intervention, and odd numbers were

assigned to the VCV intervention, with a 1:1 allocation

ratio.

The assigned group was recorded on paper and

placed in a sealed envelope. The envelopes containing

the assigned interventions were coded with 8-digit

codes (without the intervention name) and provided to

the surgical team. After each patient’s enrollment, the

anesthesiologist was instructed to open a specific code

and apply the corresponding ventilation mode.

Throughout the study, both the patients and the

surgeon were blinded to the assigned intervention,

ensuring blinding. Since the intervention names were

not disclosed and were coded, the type of group could

not be distinguished.

3.5. Sample Size and Sampling Method

The overall sample size for the study was determined

to be 60 patients. Participants were enrolled using a

simple random sampling method from among eligible

patients who had provided informed consent.

To calculate the sample size, the following equation
was used:

3.6. Sample Size and Sampling Method

The overall sample size for the study was determined
to be 60 patients. Participants were enrolled using a
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simple random sampling method from among eligible

patients who had provided informed consent.

To calculate the sample size, the following equation

was used:

In this equation, α was set to 0.05 (corresponding to

a significance level of 5%), and the power of the study
was set at 80%. The values of SD1 and SD2 were

determined to be 6.84 and 4.7, respectively. The

difference between the compared groups was extracted

from Moningi et al. (18), and it was considered to be 2.6

(the average difference in bleeding = 2.6). By plugging
these values into the equation, the sample size for each

group was calculated to be 30.

3.7. Intervention and Data Collection

After obtaining the appropriate venous line and
initiating intravenous fluid infusion, standard

monitoring connections were established, and clinical
and demographic information of the patients was

recorded in the checklist.

Premedication included the administration of

midazolam at a dose of 20 µg/kg and fentanyl at a dose

of 3 µg/kg of body weight (BW). Anesthesia induction

was performed using lidocaine at a dose of 1 mg,

propofol at a dose of 2 mg, and atracurium at a dose of

0.5 mg/kg of ideal BW. To maintain anesthesia, propofol

was infused at a rate of 100 µg/kg/min, and remifentanil

was administered at a dose of 0.1 to 0.2 µg/kg/min,

aiming for a mean arterial pressure (MAP) of 60 - 65

mmHg (MAP = SBP + 2 (DBP)/3).

During the surgery, atracurium was injected at a dose

of 0.2 mg/kg every 45 minutes. Additionally,

dexamethasone was prescribed at a dose of 8 mg and

ondansetron at a dose of 4 mg for each patient.

Patients were intubated using a spiral tube and

placed on mechanical ventilation. In one group,

patients underwent VCV with a tidal volume of 7 mL/kg

BW, a respiratory rate of 10 breaths per minute, and an

inhalation-to-exhalation ratio of 1:2. In the second

group, patients received PCV with a pressure of 15

cmH2O and a respiratory rate of 10 breaths per minute.

The pressure was gradually adjusted to achieve an end-

tidal carbon dioxide (EtCO2) level of 35 - 40 mmHg.

3.8. Outcome Assessment

All patients underwent rhinoplasty surgery,

performed by the same surgeon. The primary outcome

of the study, the amount of bleeding, was assessed by

weighing blood-soaked gauze (electronic balance,

model: WT100001X, Readability: 0.1 g) and measuring

the content of suctioned blood. To measure the blood

inside the suction bottle and soaked gauze, a nurse

anesthetist, who was unaware of the patient's

ventilation mode, was asked to assist. This method has

been used in several studies to measure blood loss
during surgery (19-21).

The surgeon's satisfaction level was evaluated using a

Likert Scale, and bleeding in the surgical field was

assessed using the Boezaart criterion at the end of the

operation, with a questionnaire administered to the

surgeon (22). Mean arterial blood pressure, heart rate,

and maximum airway pressure were monitored and

recorded. In the event of bleeding exceeding 100 cc in

the total volume of blood in the suction and gauze,

tranexamic acid was administered at a dose of 10 - 15

mg/kg.

3.9. Statistical Analysis

Continuous variables were described using the mean

and standard deviation (SD). For variables with a non-

parametric distribution, the median and interquartile

range (IQR) were provided. Categorical variables were

described using frequency counts and percentages.

To assess the mean difference between the compared

groups, an independent t-test was conducted.

Additionally, the bleeding variable was categorized, with
moderately severe and severe bleeding considered as

the outcome of interest. Logistic regression was then

performed to calculate the odds of severe bleeding in

the VCV group compared to the PCV group. Age, gender,

and BMI were included in the model as potential
confounders. All statistical analyses were performed

using Stata software (Version 17.0, College Station, Texas,

USA). A significance level of P < 0.05 was used to

determine statistical significance.

4. Results

The study was conducted on 58 eligible patients who

underwent rhinoplasty surgery using either PCV or VCV

modes in 2022. Initially, 60 patients were enrolled in the

study, and 58 of them completed the written informed

consent process. One patient did not receive the

allocated intervention and was transferred to the

comparison group. Among the participants, 31 patients

were assigned to the PCV group, while 27 were assigned

to the VCV group (Figure 1).

The mean age of the study participants in the PCV

and VCV groups was 34.6 ± 9.1 and 28.5 ± 6.9 years,

respectively. The observed difference in age between the

two groups was statistically significant (P-value < 0.001).

In terms of gender, the proportion of males in the PCV

https://brieflands.com/articles/aapm-151582
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Figure 1. CONSORT diagram

Table 1. Study Participants’ Baseline Characteristics in Pressure-Controlled and Volume-Controlled Ventilation Modes a

Characteristics PCV Group (n = 31) VCV Group (n = 27) P-Value

Age 34.6 ± 9.1 28.5 ± 6.9 0.001

Male gender 4 (12.9) 8 (29.6) 0.061

BMI 24.1 ± 2.9 23.8 ± 3.7 0.812

Abbreviations: PCV, pressure-controlled ventilation; VCV, volume-controlled ventilation; BMI, Body Mass Index.

a Values are expressed as mean ± SD or No. (%).

group was 12.9%, compared to 29.6% in the VCV group,

which was not statistically significant (P-value = 0.061)

(Table 1).

Table 2 presents a comparison of intraoperative

indices between the PCV and VCV groups. According to

the table, there was no statistically significant difference

in the average heart rate, mean arterial pressure, and

average EtCO2 between the groups during the surgery

(P-value > 0.05). However, there was a statistically

significant difference in the average peak airway

pressure, with values of 16.1 ± 1.6 cm H2O in the VCV

group and 14.0 ± 1.4 cm H2O in the PCV group (P-value <

0.001).

The median intraoperative bleeding volume was 30.0

mL for patients in the PCV group, while it was 100 mL in

the VCV group (P-value < 0.001). We also compared the

level of intraoperative bleeding using the Boezaart scale

between the PCV and VCV groups. In the VCV group, the

proportion of moderately severe and severe bleeding

was 33.3% and 11.1%, respectively. In contrast, in the PCV

group, 9.7% of patients experienced moderately severe

bleeding, and the proportion of severe bleeding was 3.2%

(P-value < 0.001) (Figure 2).

According to logistic regression analysis, the odds of

experiencing moderately severe or severe bleeding in

the VCV group were 5.4 times higher than in the PCV

group. After adjusting for confounding variables, the

odds ratio increased to 26.8 (95% CI = 1.2, 59.3) (Table 3).

The level of surgeon satisfaction regarding

intraoperative bleeding was significantly higher in the

PCV group compared to the VCV group (P-value < 0.001)

(Figure 3).

Tranexamic acid was administered to 8 patients in

the VCV group, in accordance with the research

https://brieflands.com/articles/aapm-151582
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Table 2. Comparison of Intraoperative Features of the Study Participants in Volume-Controlled Ventilation and Pressure-Controlled Ventilation Groups

Variables PCV Group VCV Group P-Value

Heart rate, beats.min -1 69.0 (9.6) 68.8 (8.7) 0.932

Mean arterial pressure 69.2 (6.4) 69.4 (6.1) 0.931

EtCO 2
a, mmHg 35.3 (2.3) 34.1 (2.8) 0.080

Pick airway pressure, Cm H 2O  b 14.0 (1.4) 16.1 (1.6) 0.001

Blood loss, mL 30.0 (45.0) 100 (120.0) 0.001

Abbreviations: PCV, pressure-controlled ventilation; VCV, volume-controlled ventilation.

a End-tidal carbon dioxide.

b Centimeter of water.

Figure 2. Intra-operative bleeding severity in pressure-controlled ventilation (PCV) and volume-controlled ventilation (VCV) groups according to Boezaart criterion

protocol, and no complications were reported in either

group.

5. Discussion

Intraoperative bleeding is a crucial factor that

directly influences the surgical outcome of rhinoplasty

(23, 24). Over the past decades, various methods, such as

patient head positioning and medicinal interventions

like epinephrine injection at the surgical site, have been

utilized to reduce blood pressure and minimize

bleeding. These approaches have shown promising

results in reducing bleeding during rhinoplasty surgery

(8, 22, 25, 26).

Ventilation modes represent another approach to

controlling airway pressure and potentially decreasing

bleeding during rhinoplasty surgery. Creating suitable

conditions for ease of venous return, especially from the

head and neck, and controlling intrathoracic pressure

are critical factors in reducing bleeding and ensuring a

clear surgical field during rhinoplasty. During surgical

procedures above the trunk, maintaining the proper

body position, ensuring adequate head and neck

positioning, and controlling the number and volume of

breaths can significantly contribute to enhancing

venous return and reducing bleeding.

Previous studies have explored the impact of

different ventilation modes on reducing bleeding

during spine and abdominal surgeries (27). The current

study aimed to investigate and compare the effects of

PCV and VCV modes on the amount of bleeding during

rhinoplasty surgery. The comparison of intraoperative

bleeding between the VCV and PCV groups revealed that

patients in the VCV group experienced significantly

higher levels of bleeding, which ultimately resulted in a

lower satisfaction level for the surgeon. Additionally,

https://brieflands.com/articles/aapm-151582
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Figure 3. Surgeon’s satisfaction regarding intraoperative bleeding using the Likert Scale.

Table 3. The Association Between Ventilation Mode and Severe Intraoperative Bleeding in Patients Who Underwent Rhinoplasty Surgery a

Groups No. of Event
Simple Model Multiple Model

OR (95% CI) P-Value OR (95% CI) P-Value

PCV 4 (12.9) Reference Reference

VCV 12 (44.4) 5.4 (1.4,19.7) 0.011 26.8 (1.2, 59.3) 0.001

Abbreviations: PCV, pressure-controlled ventilation; VCV, volume-controlled ventilation; OR, odds ratio; CI, confidence interval.

a Values are presented as No. (%).

when comparing peak airway pressure during the

surgery, it was observed that patients in the VCV group

had higher peak airway pressure values.

Our findings regarding higher intraoperative

bleeding were consistent with a previous study

conducted by Kang et al. (11), which also demonstrated

lower intraoperative bleeding in patients who
underwent PCV mode ventilation for posterior lumbar

interbody fusion surgery. Similar results were reported

by El-Sayed et al. (15) during lumbar discectomy in the

prone position, supporting the notion that PCV mode

ventilation can significantly reduce bleeding during
rhinoplasty surgery. Lower intraoperative bleeding may

be attributed to a reduction in peak airway pressure.

Several other studies have also indicated that PCV can

significantly reduce peak airway pressure, which is

consistent with our findings (17, 25).

In contrast, VCV mode provides continuous

ventilation to maintain a set tidal volume regardless of

peak airway pressure (28). This approach can result in

higher peak inspiratory pressure (PIP) and increased

pressure on the airways, which may contribute to

intraoperative bleeding (28). Koh et al. suggest that the

increase in peak airway pressure during VCV mode

ventilation can lead to changes in bleeding (17). Patients

in the VCV group have been associated with higher

intraoperative bleeding when repositioned from a

supine to a prone position (23).

Additionally, Han et al. conducted a meta-analysis
and found that the reduction of airway and abdominal

pressure in PCV mode is the main reason for lower

intraoperative bleeding. They propose that airway

pressure is a significant factor affecting cardiac

compliance and increasing cardiac preload, both of
which can impact intraoperative bleeding (16).

The lower PIP in patients using PCV can also be

attributed to the specific characteristics of this

ventilation method. Pressure-controlled ventilation

mode involves a high initial flow rate during the early

stages of inspiration, followed by a gradual decrease in

flow as inspiration progresses (7, 29). This flow pattern

leads to a decrease in breathing pressure and promotes

a more even distribution of gases throughout the lungs.

By employing this approach, PCV mode ensures a more

https://brieflands.com/articles/aapm-151582
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controlled and gentle delivery of inspired gas, resulting

in a reduced PIP compared to other ventilation modes

(29).

This optimized flow rate throughout the inspiratory

phase helps minimize peak pressure on the airways,

which likely contributes to the observed decrease in

intraoperative bleeding. Additionally, the uniform

distribution of gases achieved through PCV mode

improves ventilation and enhances gas exchange within

the lungs. This can lead to improved oxygenation and

efficient removal of carbon dioxide, potentially

reducing the risk of complications and improving

overall patient outcomes (29).

The present study is a unique research endeavor

focused on patients undergoing rhinoplasty surgery,

specifically investigating the effectiveness of pressure-

controlled and VCV modes. It stands out as one of the

few studies conducted in this population, contributing

valuable insights to the existing literature in this field.

To minimize confounding factors, all surgeries were

performed by a single surgeon, thereby eliminating the

potential influence of varying surgical skills on

intraoperative bleeding. Additionally, both the patients

and the surgeon were blinded to the treatment protocol

and randomization, reducing the possibility of bias or

interference in the treatment process.

While blood loss during surgery is a concern due to

its potential complications, it may have a greater impact

on rhinoplasty due to the limited surgical field. The

surgeon's visibility and maneuverability can be affected,

and excessive bleeding can prolong the operation time,

increasing the risks and potentially altering the surgical

outcomes. For this reason, in addition to measuring the

amount of blood in the used gauze and aspirated blood,

we also compared the surgeon's evaluation of the

bleeding amount using the Boezaart criteria between

the two groups.

Kundra et al. conducted a study on patients

undergoing lumbar spine surgery, where they

compared the amount of bleeding and disruption in the

surgical field between two groups of patients under

pressure-controlled and VCV modes (26). They collected

feedback from both the assistant and the scrub nurse.

Their results are consistent with the findings of the

present study.

In our study, even a small amount of blood could

significantly disrupt the surgical field, so we sought the

surgeon's opinion for the subjective evaluation of

bleeding. Additionally, we compared the level of

surgeon satisfaction between the two groups using a

Likert Scale, alongside estimating the bleeding in the

surgical field.

However, it is important to acknowledge the

limitations of the study when interpreting its findings.

One notable limitation is the relatively small sample

size, which can affect the generalizability and statistical

power of the results. Additionally, non-adherence to the

randomization protocol led to the withdrawal of some

patients from the study, potentially introducing bias.

Furthermore, conducting the study in a single center

limits the external validity of the findings and raises

questions about whether the results can be generalized

to other clinical settings. Future studies conducted

across multiple centers with larger sample sizes can

provide a more comprehensive understanding of the

effects of pressure-controlled and VCV modes in

rhinoplasty surgery.

5.1. Conclusions

The results of the study suggest that PCV mode may

lead to lower intraoperative bleeding compared to VCV

mode. The reduction in peak airway pressure, achieved

through PCV mode, is likely a contributing factor to this

observation. Additionally, the unique flow pattern of

PCV, which features a high initial flow rate followed by a

gradual decrease, facilitates a reduction in breathing

pressure and promotes a more uniform distribution of

gases throughout the lungs.

This study provides valuable insights into the

effectiveness of pressure-controlled and VCV modes in

rhinoplasty surgery. The results support the potential

benefits of PCV mode in reducing intraoperative

bleeding. These findings can inform clinical practice

and guide the selection of ventilation strategies for

patients undergoing rhinoplasty surgery, ultimately

contributing to improved patient outcomes and safety.

Further research is needed to corroborate these findings

and address the limitations identified in this study.

Footnotes

Authors' Contribution: B. Z., T. A., and M. M. conceived

and designed the evaluation and drafted the

manuscript. B. Z. and T. A. participated in designing the

evaluation, performed parts of the statistical analysis,

and helped to draft the manuscript. S. N. and S. D. re-

evaluated the clinical data, revised the manuscript and

performed the statistical analysis, and revised the

manuscript. M. S. collected the clinical data, interpreted

them, and revised the manuscript. B. Z. and M. M. re-

analyzed the clinical and statistical data and revised the

manuscript. All authors read and approved the final

manuscript.

https://brieflands.com/articles/aapm-151582


Zaman B et al. Brieflands

8 Anesth Pain Med. 2024; 14(5): e151582

Clinical Trial Registration Code:

IRCT20101026005026N13 .

Conflict of Interests Statement: The authors

declared that they have no conflict of interest.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication. The data are not
publicly available due to privacy.

Ethical Approval: IR.IUMS.FMD.REC.1400.517 .

Funding/Support: We affirm that no financial support

or benefits have been received by any author, directly or

indirectly, from any company or entity related to the

subject of this manuscript.

Informed Consent: Informed consent was obtained

from participants.

References

1. Eytan DF, Wang TD. Complications in Rhinoplasty. Clin Plast Surg.

2022;49(1):179-89. [PubMed ID: 34782135].

https://doi.org/10.1016/j.cps.2021.07.009.

2. Habibi AF, Ashraf A, Ghanavi Z, Shakiba M, Nemati S, Aghsaghloo V.

Positive End-Expiratory Pressure in Rhinoplasty Surgery; Risks and

Benefits. Indian J Otolaryngol Head Neck Surg. 2023;75(4):2823-8.

[PubMed ID: 37974774]. [PubMed Central ID: PMC10645805].

https://doi.org/10.1007/s12070-023-03854-7.

3. Ozkose M, Baykan H, Coskuner I. The Effect of Patient Positioning on

Amount of Intraoperative Bleeding in Rhinoplasty: A Randomized

Controlled Trial. Aesthetic Plast Surg. 2016;40(4):453-7. [PubMed ID:

27225876]. https://doi.org/10.1007/s00266-016-0653-6.

4. Caimi E, Balza A, Vaccari S, Bandi V, Klinger F, Vinci V. Optimizing

Postoperative Care in Rhinoplasty and Septoplasty: A Review of the

Role of Nasal Packing and Alternatives in Complication

Management. Aesthetic Plast Surg. 2024;48(15):2812-7. [PubMed ID:

38485786]. https://doi.org/10.1007/s00266-024-03907-4.

5. Motazedian G, Sohrabpour M, Jahromi MSS, Ghaedi M. Bleeding

management in rhinoplasty surgery: a systematic review study on

clinical trial studies conducted in Iran. Int J Med Investigation.

2021;10(4):32-40.

6. Lee SB, Min HJ. Delayed Hematoma After Rhinoplasty in Young Adult

With Hypertension. J Craniofac Surg. 2024;35(7):e694-6. [PubMed ID:

39207154]. https://doi.org/10.1097/SCS.0000000000010591.

7. Al-Saady N, Bennett ED. Decelerating inspiratory flow waveform

improves lung mechanics and gas exchange in patients on

intermittent positive-pressure ventilation. Intensive Care Med.

1985;11(2):68-75. [PubMed ID: 3886741].

https://doi.org/10.1007/BF00254777.

8. Jouybar R, Nemati M, Asmarian N. Comparison of the effects of

remifentanil and dexmedetomidine on surgeon satisfaction with

surgical field visualization and intraoperative bleeding during

rhinoplasty. BMC Anesthesiol. 2022;22(1):24. [PubMed ID: 35031005].

[PubMed Central ID: PMC8759207]. https://doi.org/10.1186/s12871-021-

01546-9.

9. Heydari MB, Safdari M, Hemmatpoor B. Comparative Study of the

Effects of Clonidine and Tranexamic Acid on Intraoperative Bleeding

in Rhinoplasty: A Clinical Trial. JPRAS Open. 2024;41:183-93. [PubMed

ID: 39050741]. [PubMed Central ID: PMC11266864].

https://doi.org/10.1016/j.jpra.2024.04.013.

10. Verbeek GL, Myles PS, Westall GP, Lin E, Hastings SL, Marasco SF, et al.

Intra-operative protective mechanical ventilation in lung

transplantation: a randomised, controlled trial. Anaesthesia.

2017;72(8):993-1004. [PubMed ID: 28695586].

https://doi.org/10.1111/anae.13964.

11. Kang WS, Oh CS, Kwon WK, Rhee KY, Lee YG, Kim TH, et al. Effect of

Mechanical Ventilation Mode Type on Intra- and Postoperative Blood

Loss in Patients Undergoing Posterior Lumbar Interbody Fusion

Surgery: A Randomized Controlled Trial. Anesthesiol. 2016;125(1):115-

23. [PubMed ID: 27096383].

https://doi.org/10.1097/ALN.0000000000001131.

12. Hajijafari M, Ziloochi MH, Salimian M, Fakharian E. Surgical bleeding

in patients undergoing posterior lumbar inter-body fusion surgery:

a randomized clinical trial evaluating the effect of two mechanical

ventilation mode types. Eur J Med Res. 2023;28(1):114. [PubMed ID:

36907880]. [PubMed Central ID: PMC10008144].

https://doi.org/10.1186/s40001-023-01080-z.

13. Neto AS, Hemmes SN, Barbas CS, Beiderlinden M, Fernandez-

Bustamante A, Futier E, et al. Association between driving pressure

and development of postoperative pulmonary complications in

patients undergoing mechanical ventilation for general anaesthesia:

a meta-analysis of individual patient data. Lancet Respir Med.

2016;4(4):272-80. [PubMed ID: 26947624].

https://doi.org/10.1016/S2213-2600(16)00057-6.

14. Vieillard-Baron A, Matthay M, Teboul JL, Bein T, Schultz M, Magder S,

et al. Experts' opinion on management of hemodynamics in ARDS

patients: focus on the effects of mechanical ventilation. Intensive

Care Med. 2016;42(5):739-49. [PubMed ID: 27038480].

https://doi.org/10.1007/s00134-016-4326-3.

15. El-Sayed AA, Arafa SK, El-Demerdash AM. Pressure-controlled

ventilation could decrease intraoperative blood loss and improve

airway pressure measures during lumbar discectomy in the prone

position: A comparison with volume-controlled ventilation mode. J

Anaesthesiol Clin Pharmacol. 2019;35(4):468-74. [PubMed ID:

31920229]. [PubMed Central ID: PMC6939555].

https://doi.org/10.4103/joacp.JOACP_288_18.

16. Han J, Hu Y, Liu S, Hu Z, Liu W, Wang H. Volume-controlled ventilation

versus pressure-controlled ventilation during spine surgery in the

prone position: A meta-analysis. Ann Med Surg (Lond). 2022;78:103878.

[PubMed ID: 35734701]. [PubMed Central ID: PMC9207057].

https://doi.org/10.1016/j.amsu.2022.103878.

17. Koh JC, Lee JS, Han DW, Choi S, Chang CH. Increase in airway pressure

resulting from prone position patient placing may predict

intraoperative surgical blood loss. Spine (Phila Pa 1976).

2013;38(11):E678-82. [PubMed ID: 23429680].

https://doi.org/10.1097/BRS.0b013e31828cb3e5.

18. Moningi S, Elmati PK, Rao P, Kanithi G, Kulkarni DK, Ramachandran

G. Comparison of volume control and pressure control ventilation in

patients undergoing single level anterior cervical discectomy and

fusion surgery. Indian J Anaesth. 2017;61(10):818-25. [PubMed ID:

29242654]. [PubMed Central ID: PMC5664887].

https://doi.org/10.4103/ija.IJA_605_16.

19. Sharashchandra KV, Shivaraj SP. Intra operative allowable blood loss:

Estimation made easy. MedPulse Int J Anesthesiol. 2020;14(1):27-31.

https://doi.org/10.26611/10151417.

20. Varshini A, Anehosur V, Joshi VK, Kumar N. Estimation of Blood Loss

in Patients Undergoing Surgery for Oral Malignancies: a Clinical

Study. J Maxillofac Oral Surg. 2024;23(5):1072-8. [PubMed ID: 39376757].

[PubMed Central ID: PMC11456028]. https://doi.org/10.1007/s12663-

022-01814-2.

21. Fathi M, Lashay A, Massoudi N, Nooraei N, Nik MA. Fibrinogen

prophylaxis for reducing perioperative bleeding in patients

https://brieflands.com/articles/aapm-151582
https://irct.behdasht.gov.ir/trial/61242
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=235016
http://www.ncbi.nlm.nih.gov/pubmed/34782135
https://doi.org/10.1016/j.cps.2021.07.009
http://www.ncbi.nlm.nih.gov/pubmed/37974774
https://www.ncbi.nlm.nih.gov/pmc/PMC10645805
https://doi.org/10.1007/s12070-023-03854-7
http://www.ncbi.nlm.nih.gov/pubmed/27225876
https://doi.org/10.1007/s00266-016-0653-6
http://www.ncbi.nlm.nih.gov/pubmed/38485786
https://doi.org/10.1007/s00266-024-03907-4
http://www.ncbi.nlm.nih.gov/pubmed/39207154
https://doi.org/10.1097/SCS.0000000000010591
http://www.ncbi.nlm.nih.gov/pubmed/3886741
https://doi.org/10.1007/BF00254777
http://www.ncbi.nlm.nih.gov/pubmed/35031005
https://www.ncbi.nlm.nih.gov/pmc/PMC8759207
https://doi.org/10.1186/s12871-021-01546-9
https://doi.org/10.1186/s12871-021-01546-9
http://www.ncbi.nlm.nih.gov/pubmed/39050741
https://www.ncbi.nlm.nih.gov/pmc/PMC11266864
https://doi.org/10.1016/j.jpra.2024.04.013
http://www.ncbi.nlm.nih.gov/pubmed/39050741
https://www.ncbi.nlm.nih.gov/pmc/PMC11266864
https://doi.org/10.1016/j.jpra.2024.04.013
http://www.ncbi.nlm.nih.gov/pubmed/28695586
https://doi.org/10.1111/anae.13964
http://www.ncbi.nlm.nih.gov/pubmed/27096383
https://doi.org/10.1097/ALN.0000000000001131
http://www.ncbi.nlm.nih.gov/pubmed/36907880
https://www.ncbi.nlm.nih.gov/pmc/PMC10008144
https://doi.org/10.1186/s40001-023-01080-z
http://www.ncbi.nlm.nih.gov/pubmed/26947624
https://doi.org/10.1016/S2213-2600(16)00057-6
http://www.ncbi.nlm.nih.gov/pubmed/27038480
https://doi.org/10.1007/s00134-016-4326-3
http://www.ncbi.nlm.nih.gov/pubmed/31920229
https://www.ncbi.nlm.nih.gov/pmc/PMC6939555
https://doi.org/10.4103/joacp.JOACP_288_18
http://www.ncbi.nlm.nih.gov/pubmed/35734701
https://www.ncbi.nlm.nih.gov/pmc/PMC9207057
https://doi.org/10.1016/j.amsu.2022.103878
http://www.ncbi.nlm.nih.gov/pubmed/23429680
https://doi.org/10.1097/BRS.0b013e31828cb3e5
http://www.ncbi.nlm.nih.gov/pubmed/29242654
https://www.ncbi.nlm.nih.gov/pmc/PMC5664887
https://doi.org/10.4103/ija.IJA_605_16
https://doi.org/10.26611/10151417
http://www.ncbi.nlm.nih.gov/pubmed/39376757
https://www.ncbi.nlm.nih.gov/pmc/PMC11456028
https://doi.org/10.1007/s12663-022-01814-2
https://doi.org/10.1007/s12663-022-01814-2


Zaman B et al. Brieflands

Anesth Pain Med. 2024; 14(5): e151582 9

undergoing radical cystectomy: A double-blind placebo-controlled

randomized trial. J Clin Anesth. 2021;73:110373. [PubMed ID: 34098395].

https://doi.org/10.1016/j.jclinane.2021.110373.

22. Boezaart AP, van der Merwe J, Coetzee A. Comparison of sodium

nitroprusside- and esmolol-induced controlled hypotension for

functional endoscopic sinus surgery. Can J Anaesth. 1995;42(5 Pt

1):373-6. [PubMed ID: 7614641]. https://doi.org/10.1007/BF03015479.

23. de Souza TSC, Patrial M, Meneguetti AFC, de Souza MSC, Meneguetti

ME, Rossato VF. Body Dysmorphic Disorder in Rhinoplasty

Candidates: Prevalence and Functional Correlations. Aesthetic Plast

Surg. 2021;45(2):641-8. [PubMed ID: 32875438].

https://doi.org/10.1007/s00266-020-01930-9.

24. Blackwell KE, Ross DA, Kapur P, Calcaterra TC. Propofol for

maintenance of general anesthesia: a technique to limit blood loss

during endoscopic sinus surgery. Am J Otolaryngol. 1993;14(4):262-6.

[PubMed ID: 8214320]. https://doi.org/10.1016/0196-0709(93)90072-f.

25. Dion JM, McKee C, Tobias JD, Sohner P, Herz D, Teich S, et al.

Ventilation during laparoscopic-assisted bariatric surgery: volume-

controlled, pressure-controlled or volume-guaranteed pressure-

regulated modes. Int J Clin Exp Med. 2014;7(8):2242-7. [PubMed ID:

25232415]. [PubMed Central ID: PMC4161575].

26. Kundra S, Gupta R, Luthra N, Dureja M, Katyal S. Effects of ventilation

mode type on intra-abdominal pressure and intra-operative blood

loss in patients undergoing lumbar spine surgery: A randomised

clinical study. Indian J Anaesth. 2021;65(Suppl 1):S12-9. [PubMed ID:

33814585]. [PubMed Central ID: PMC7993040].

https://doi.org/10.4103/ija.IJA_706_20.

27. Sinha A, Sharma B, Sood J. Pressure vs. volume control ventilation:

effects on gastric insufflation with size-1 LMA. Paediatr Anaesth.

2010;20(12):1111-7. [PubMed ID: 21199120]. https://doi.org/10.1111/j.1460-

9592.2010.03450.x.

28. Kim YS, Won YJ, Lee DK, Lim BG, Kim H, Lee IO, et al. Lung ultrasound

score-based perioperative assessment of pressure-controlled

ventilation-volume guaranteed or volume-controlled ventilation in

geriatrics: a prospective randomized controlled trial. Clin Interv

Aging. 2019;14:1319-29. [PubMed ID: 31409981]. [PubMed Central ID:

PMC6646045]. https://doi.org/10.2147/CIA.S212334.

29. Sen O, Bakan M, Umutoglu T, Aydin N, Toptas M, Akkoc I. Effects of

pressure-controlled and volume-controlled ventilation on

respiratory mechanics and systemic stress response during prone

position. Springerplus. 2016;5(1):1761. [PubMed ID: 27795903]. [PubMed

Central ID: PMC5056909]. https://doi.org/10.1186/s40064-016-3435-3.

https://brieflands.com/articles/aapm-151582
http://www.ncbi.nlm.nih.gov/pubmed/34098395
https://doi.org/10.1016/j.jclinane.2021.110373
http://www.ncbi.nlm.nih.gov/pubmed/7614641
https://doi.org/10.1007/BF03015479
http://www.ncbi.nlm.nih.gov/pubmed/32875438
https://doi.org/10.1007/s00266-020-01930-9
http://www.ncbi.nlm.nih.gov/pubmed/8214320
https://doi.org/10.1016/0196-0709(93)90072-f
http://www.ncbi.nlm.nih.gov/pubmed/25232415
https://www.ncbi.nlm.nih.gov/pmc/PMC4161575
http://www.ncbi.nlm.nih.gov/pubmed/33814585
https://www.ncbi.nlm.nih.gov/pmc/PMC7993040
https://doi.org/10.4103/ija.IJA_706_20
http://www.ncbi.nlm.nih.gov/pubmed/21199120
https://doi.org/10.1111/j.1460-9592.2010.03450.x
https://doi.org/10.1111/j.1460-9592.2010.03450.x
http://www.ncbi.nlm.nih.gov/pubmed/31409981
https://www.ncbi.nlm.nih.gov/pmc/PMC6646045
https://doi.org/10.2147/CIA.S212334
http://www.ncbi.nlm.nih.gov/pubmed/27795903
https://www.ncbi.nlm.nih.gov/pmc/PMC5056909
https://doi.org/10.1186/s40064-016-3435-3

