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Abstract 

Background: Management of hemodynamics remains one of the core tasks in 

perioperative and critical care settings. The basis of hemodynamic management in 

patients undergoing major surgery is formed by a rational titration of fluids, vasopressors 

and inotropes. 

Objective: The objective of this study was to investigate whether, the pressure regulated 

volume-controlled mode (PRVC) in comparison with the volume-controlled mode in 

patients with diastolic dysfunction, was associated with better hemodynamic alterations 

and different vasopressors support during anesthesia for radical cystectomy. 

Methods: This study was a randomized, cross-over single blinded study and included 

86 adult patients of both sexes with American Society of Anesthesiologists (ASA) 

physical status I - II with diastolic dysfunction, the patients were randomly assigned to 

group 0 (VCV-PRVC) and group 1 (PRVC-VCV) in a cross-over manner according to a 

computer-generated randomization sequence. Hemodynamic variables included stroke 

volume, stroke volume variation, stroke index, cardiac output, cardiac index, systemic 

vascular resistance, systemic vascular resistance index (SVRI), thoracic fluid content, 

and corrected flow time, were measured by a Portable noninvasive cardiometry. 

Results: There were no statistically significant differences in demographic data such as 

age, sex, ASA physical status, body weight, height, body surface area (BSA), duration of 

surgery, anesthesia, cardiac output, and cardiac index between the two modes of 

ventilation. Stroke volume (SV) was significantly higher in the VCV group than in the 

PRVC group at the 3-hour mark from the start of the resection. Regarding fluid status 

parameters (SVV, FTc, and TFC), there was no statistically significant difference in 

stroke volume variation (SVV) or (FTc) between both modes. As regards to crystalloids, 

colloids, blood and plasma transfusions, blood loss, and total fluids, there were no 

statistically significant differences between both modes. 

Conclusion: no significant differences in CO, CI, SV, SVI, and SVV. Both VCV and 

PRVC ventilation modes could be used in patients with diastolic dysfunction undergoing 

major abdominal surgery, showing  

Keywords: Pressure-Regulated Volume-Controlled, volume-controlled, hemodynamics, 

Stroke Volume, Stroke Index, Cardiac Index, Systemic Vascular Resistance, Systemic 

Vascular Resistance Index. 
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1. Introduction 

Diastolic function is a combination of ventricular chamber compliance, active 

myofilament relaxation, and elastic recoil of systolic potential energy. Diastole is classically 

divided into four stages, isovolumetric relaxation, early rapid filling, late slow filling, and 

atrial contraction. Isovolumetric relaxation refers to the rapid decrease in LV pressure with 

little or no change in volume acting as LV suction and ends with the opening of the mitral 

valve and early LV filling, while late slow filling is more dependent on ventricular 

compliance[1].  

Diastolic dysfunction represents an abnormality in left ventricular relaxation and/or 

compliance that changes the onset, rate and extent of LV pressure decline and filling during 

diastole. These changes cause an abnormal relation between LV pressure and volume so that 

higher filling pressures are required to maintain normal LV end-diastolic volume and cardiac 

output [2]. Ventricular compliance is affected by numerous factors, including the 

accumulation of cytoskeletal collagen, which increases with age (over 60 years), 

longstanding wall stress beyond its physiological reserve, for example, during episodes of 

uncontrolled systemic hypertension, long-term DM, obesity, cardiac ischemia or atrial 

fibrillation (AF), and various neuro-humoral factors. Less common causes are infiltrative 

diseases, pericardial constriction, and effusion [3]. 

Diastolic dysfunction is thought to be a risk factor for postoperative consequences after 

noncardiac surgery, including greater mortality and a higher incidence of serious 

cardiovascular events including myocardial infarction, pulmonary edema, ventricular 

fibrillation, or primary cardiac arrest and complete heart block. However, the underlying 

mechanism by which diastolic dysfunction raises the risk of postoperative complications is 

unknown. Anesthetic drugs may cause altered hemodynamic function and subsequent 

impairment of diastolic function in patients with diastolic dysfunction, which may be linked 

to a higher incidence of postoperative problems [4].  

Positive pressure ventilation is required for anesthesia, and significant volume shifts 

occur intraoperatively and postoperatively, especially in major surgery. The interactions of 

positive pressure ventilation with the cardiovascular system are complex and affect both 

ventricles [5].  

Mechanical ventilation impacts heart and hemodynamics by altering ITP and lung 

volume The effects of different ventilatory modes on patient´s hemodynamics requires 

further investigations; the increase of the intrathoracic pressure can decrease venous return 

and then preload resulting in decreased cardiac output [6].  

Whereas Volume-controlled ventilation ensures the delivery of a defined tidal volume 

and uses a square waveform flow delivery method that produces high peak airway pressures 

in low-compliance states. On the other hand, PRVC used numerical response mechanisms to 

control tidal volume, aiming for a fixed volume with decelerating flow. It calculated lung 

compliance and adjusts inspiratory pressure based on previous breaths, achieving the target 

volume with the lowest inspiratory pressure [7,8]. 

Management of hemodynamics remains one of the core tasks in perioperative and critical 

care settings. The basis of hemodynamic management in patients undergoing major surgery 

is formed by a rational titration of fluids, vasopressors and inotropes [9]. The use of 
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dynamic parameters to guide intravenous and inotropic therapy is frequently applied with 

the intention to optimize peri-operative hemodynamic profiles and maximize O2 delivery in 

patients undergoing major abdominal surgery [10]. 

Though the hemodynamic effect of mechanical ventilation on diastolic dysfunction is 

still unclear. The optimal ventilation mode for anesthesia of patient with diastolic 

dysfunction remains a subject of debate. To the best of our knowledge, no previous studies 

have been done to evaluate the hemodynamic profiles non-invasively in diastolic 

dysfunction patients under either VCV or PRVC mode. 

1.1 Hypothesis 

We hypothesized that PRVC mode might have less unexpected effects on hemodynamic 

parameters with lesser doses of vasopressors in patients with diastolic dysfunction 

undergoing major abdominal surgery. 

1.2 Objective 

The aim of this study was to investigate whether PRVC, compared with VCV was 

associated with better hemodynamic optimisation profile and less vasopressor requirement 

in patients with diastolic dysfunction underwent major surgery. 

2. Patients and Methods 

2.1 Design 

This study was a randomized, cross-over single blinded study. 

2.2 Setting 

This study was conducted at Anesthesia, Surgical Intensive Care and Pain management 

Department, Faculty of Medicine, Mansoura university, after obtaining approval from the 

Institutional Review Board (IRB) of faculty of medicine at Mansoura University (code 

no:MD2107497R1) and was registered at clinical trial .gov with ID number: 

(NCT05048199). 

2.3 Patients 

This study included 86 adult patients of both sexes with American Society of 

Anesthesiologists (ASA) physical status I - II diagnosed with diastolic dysfunction. The 

patients at risk of diastolic dysfunction like (long term hypertension, diabetes mellitus, aged 

above 60 years and atrial fibrillation) were included and scheduled for radical cystectomy 

and urinary diversion for muscle invasive urinary bladder carcinoma at Mansoura Urology 

and Nephrology center.  

Patients with a body mass index (BMI) < 25 and > 35, any contra-indications to epidural 

anesthesia (patient’s refusal, local skin infection, previous spine surgery and coagulopathy), 

those with known allergy to local anesthetics, patients with major cardiovascular problems 

(mitral or aortic valve disease, any implanted mechanical cardiac device, with ejection 

fraction < 40 % and arrythmias other than atrial fibrillation), renal impairment with serum 

creatinine >1.8 mg/dl and patients with hepatic dysfunction were excluded from the study.  

All patients were assessed on the day before surgery by detailed history taking, thorough 

clinical examination, and basal laboratory investigations [Complete blood count (CBC), 

Coagulation profile (prothrombin time and INR), liver and renal function tests (liver 
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enzymes, bilirubin, albumin and s. creatinine], electrocardiograph (ECG) and 

echocardiography.  

 

 

2.4 Randomization 

 After taking informed consent, patients were randomly assigned to two groups; group 0 

(VCV-PRVC) and group 1 (PRVC-VCV) in a cross-over manner, according to a computer-

generated randomization sequence.  

     After anaesthesia induction and endotracheal intubation in group 0 (VCV-PRVC), the 

patient was ventilated by VC mode, which continued till the end of radical cystectomy. 

Then, the ventilation mode changed to PRVC mode during urinary diversion till the end of 

surgery. The PRVC mode was initiated in group 1 (PRVC-VCV) and then switched to VCV 

in the same manner as group 0. 

 Pre-oxygenation for 5 minutes was done in all patients and they received 0.02 mg/Kg 

midazolam, 1-2 μg/Kg fentanyl, 2-2.5 mg/kg Propofol slowly until loss of verbal contact. 

rocuronium 0.6 mg/kg to facilitate proper placement of endotracheal tube. The tidal volume 

in both groups was set to deliver 6-8 mL/kg of ideal body weight. The respiratory rate (RR) 

was adjusted to maintain an end tidal CO2 (ETCO2) level of 30–35 mmHg, the inspiratory 

to expiratory time (I: E) ratio was 1:2 and PEEP 5-8 cmH2O via FLOW-i anesthesia 

machine (Maquet Critical Care AB-Röntgenvägen 2 SE-171 54-Solna Sweden).  

 Anesthesia was maintained in all patients using (1-1.5) minimum alveolar concentration 

(MAC) of sevoflurane in O2/air mixture with FIO2 about 40-45%. Also, analgesia was 

maintained by incremental epidural boluses according to requirements. The formulas to 

calculate the IBW were: 50 + 0.91 [height (cm) -152.4] for men and 45.5 + 0.91 [height 

(cm) - 152.4)] for women.  

After induction of anesthesia all patients received, Colloid aliquots of 500 mls 6% 

hydroxyethyl starch 130/ 0.4 (Voluven, Fresenius kabi, Deutschland GmbH, Bad Homburg, 

Germany) within 10 minutes; ringer acetate was then infused during operation at a basal rate 

of 4- 6 ml/Kg/h to obtain an appropriate urinary output of 1 cc/kg/h. hemodynamic 

optimization with fluids and vasopressor relies on SV optimisation, CI and MAP. A 

decrease in SV > 10% over 10 min prompted giving 250 mls fluid boluses of colloid with 

simultaneous assessment of mean arterial Pressure (MAP), when the MAP reached less than 

65, patients were given 2-4 mL of intravenous ephedrine, which has a concentration of 2.5 

mg/ml.  

 After 5 minutes, their Mean Arterial Pressure (MAP) was checked. If the MAP was not at 

least 65 mmHg, the same dose of ephedrine was administered again, up to a maximum of 

three times, with each dose given at five-minute intervals. if the MAP had not reached 65 

mmHg after three doses of ephedrine at five-minute intervals norepinephrine infusion (.03- 

.4 μg/kg/min) was started intraoperatively supposed that CI > 2.5 L/min/m2, if CI < 2.5 

L/min/m2 dobutamine infusion initially (5 μg/kg/min) was started. In both groups, the total 

rate of 6% hydroxy ethyl starch (Voluven) administration for 24 hours must not exceed 25 
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ml/kg. If there is a need to give fluid boluses, Ringer acetate could replace voluven 

administration. 

2.5 Monitoring 

Hemodynamic variables included stroke volume (SV), stroke volume variation (SVV), 

stroke index (SI), cardiac output (COP), cardiac index (CI), systemic vascular resistance 

(SVR), systemic vascular resistance index (SVRI), thoracic fluid content (TFC), corrected 

flow time (FTc), and index of contractility (ICON) were measured by a Portable 

noninvasive cardiometry (ICON®, OSYPKA medical).   

  These hemodynamic variables were obtained before induction of anesthesia (Basal; T1), 

post-intubation (T2), just before skin incision (T3), every hour till the end of resection of the 

urinary bladder (1h; T4A, 2hs; T4B, 3hs; T4C and end of resection; T4D), 10 minutes after 

switch between both modes (T5), every hour till the end of the urinary diversion (1h; T6A, 

2hs; T6B, 3hs; T6C and end of diversion; T6D), after extubation (T7) and postoperative at 

2hs and 12hs PACU (P1, P2). At the end of surgery, residual neuromuscular blockade was 

reversed using neostigmine 50 µg/kg and atropine 20 µg/ kg IV. After fulfilling the criteria 

of extubation (sustained hand grip, sustained eye opening for 5 seconds and sustained head 

or leg lift) patients were extubated, transferred to PACU for 24 hours and discharged to the 

ward when Alderte scored more than 9. Total volumes of fluid administered either 

crystalloids, voluven, blood or blood products all-over surgery were recorded.  

2.6 Sample size calculation 

Sample size calculation was based on power analysis using G*power 3.1.9.7 statistical 

software. power analysis was based on data extraction from a previous study by (Kahl et al. 

2021) [11]. They assumed that a difference of 0.4/μg/kg/30 min of vasopressor consumption 

between groups was clinically meaningful. Sample size will be based on that clinically 

significant difference of vasopressor in patients with diastolic dysfunction with standard 

deviation equal to 1μg/kg/30min. This difference has created an effect size equal to 0.4 

Assuming to have a study of power 74 % and a two-sided test with an α error of 0.05, 39 

patients in group 0 (VCV-PRVC) and 47 patients in group 1 (PRVC-VCV) (total 86 

patients) were allocated. 

2.6 Statistical Analysis 

Statistical analysis was performed using SPSS version 27 statistical software. For 

continuous data, normality was first assessed with the Kolmogorov-Smirnov test. 

quantitative parametric data, presented in the form of mean (SD), and then analyzed with the 

student t-test. Data that didn’t have a normal distribution, as well as ordinal data, were 

analyzed with the Mann-Whitney U test. The qualitative variables were expressed in terms 

of percentage (%) and frequency and were analysed using the chi-square test. All P values 

presented was 2-sided and values of less than 0.05 were considered significant.  

3. Results 

This prospective randomized cross-over study included 86 patients of both genders, with 

ASA physical status I and II, who were undergoing open radical cystectomy. There were no 

statistically significant differences in demographic data such as age, sex, ASA physical 
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status, body weight, height, body surface area (BSA), duration of surgery, and anesthesia 

between the two modes of ventilation being studied (Table 1). 

In terms of blood flow hemodynamic parameters (CO, CI, SV, and SI), there was no 

statistically significant difference between the ventilation modes in cardiac output (CO), 

except at the 3-hour from the start of the resection, where the VCV group had significantly 

higher CO than the PRVC group (P value= 0.02) (Fig. 1). The cardiac index (CI) showed no 

statistically significant difference between the two modes (Fig. 2). The stroke volume (SV) 

was significantly higher in the VCV group than in the PRVC group at the 3-hour mark from 

the start of the resection (P value= .03), but there was no significant difference at other time 

intervals (Fig. 3). The stroke volume index (SVI) showed no statistically significant 

difference between the modes. Regarding fluid status parameters (SVV and FTc), there was 

no statistically significant difference in the corrected flow time (FTc) between both modes at 

all time points (Fig. 4). Similarly, there was no statistically significant difference in stroke 

volume variation (SVV%) between both modes at all time points (Fig. 5). In terms of 

vascular resistance, as determined by systemic vascular resistance (SVR) and systemic 

vascular resistance index (SVRI), there was no statistically significant difference at any time 

interval between both modes. 

There were no statistically significant differences observed between the modes in terms 

of intraoperative inotropic support (dobutamine) or vasopressor support (norepinephrine or 

total ephedrine dose) (Table 2). In terms of crystalloids, colloids, blood and plasma 

transfusions, blood loss, and total fluids, there were no statistically significant differences 

between the two modes. Regarding the incidence of complications such as major cardiac 

problem, cardiac acute kidney injury (3 patients represented with clinical presentation of 

acute renal failure and none needed dialysis), burst abdomen, pneumonia, intestinal 

obstruction, pulmonary edema, and postoperative ventilation, no statistically significant 

difference was found between the groups. 
 

 

Table 1. Demographic data of the study’s groups: 

Parameter  Group 0 (n=39) Group 1 (n=47) 
P value 

M (S. D) M (S. D) 

Age (years) 63.2 (6.79) 64.4 (7.02) 0.43 
Height (cm) 168.1 (9.36) 168.4 (8.34) 0.88 
Weight (kg) 79.7 (12.82) 79.9 (16.39) 0.96 
BMI (kg/m2) 28.23 (4.25) 28.12 (5.21) 0.91 

Sex (male %) 35 (89.7%) 42 (89.4%) 0.95 
BSA (m2) 1.9 (0.18) 1.9 (0.20) 0.95 

Surgery’s duration (hours) 8.4 (0.53) 8.5 (0.52) 0.29 
Anaesthesia’s duration (hours) 8.9 (0.53) 9.0 (0.52) 0.29 
ASA 

ASA 1 

ASA 2 
22 (53.8%) 26 (55.3%) 

0.56 
17 (43.6%) 21 (44.7%) 

Diastolic dysfunction 

Grade 1 

Grade 2 
42 (97.7%) 39 (90.7%) 

0.36 
1 (2.3%) 4 (9.3%) 

Diversion 
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W-ileal neobladder 

Ileal loop 

Ureterostomies 

19 (48.7%) 21 (44.7%) 

0.09 15 (38.5%) 25 (53.2%) 

5 (12.8%) 1 (2.1%) 
Group 0 (VCV-PRVC), Group 1(PRVC-VCV), BSA: body surface area, BMI: Body mass index, Grade 1 DD: 

impaired relaxation (E/A <0.8), Grade 2 DD: normal or pseudonormal relaxation (E/A 0.8-1.5), Grade 3 DD: 

restrictive (E/A >2). Data are presented in mean  (SD) or number (%). *Significant inter group difference P < 

0.05. 

 

 

 

 

Figure 1. Perioperative changes in cardiac output (CO; l/min) with both modes. (T1) Basal; 

(T2) post-intubation; (T3) at skin incision; (T4A) 1h from start of resection; (T4B) 2hs from 

start of resection; (T4C) 3hs from start of resection; (T4D) end of resection; (T5) 10 mins 

after switch; (T6A) 1h from start of diversion; (T6B) 2hs from start of diversion; (T6C) 3hs 

from start of diversion; (T6D) end of diversion; (T7) after extubation; (P1) PACU 2hs; (P2) 
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PACU 12hs. VCV: Volume-controlled, PRVC: Pressure-regulated volume controlled. Data 

are presented in mean (SD). * Significant inter group difference P < 0.05. 

 

 

Figure 2. Perioperative changes in cardiac index (CI; L/min/m2) with both modes. (T1) 

Basal; (T2) post-intubation; (T3) at skin incision; (T4A) 1h from start of resection; (T4B) 

2hs from start of resection; (T4C) 3hs from start of resection; (T4D) end of resection; (T5) 

10 mins after switch; (T6A) 1h from start of diversion; (T6B) 2hs from start of diversion; 

(T6C) 3hs from start of diversion; (T6D) end of diversion; (T7) after extubation; (P1) PACU 

2hs; (P2) PACU 12hs. VCV: Volume-controlled, PRVC: Pressure-regulated volume 

controlled. Data are presented in mean (SD). * Significant inter group difference P < 0.05. 
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Figure 3. Perioperative changes in stroke volume (SV; ml/beat) with both modes. (T1) 

Basal; (T2) post-intubation; (T3) at skin incision; (T4A) 1h from start of resection; (T4B) 

2hs from start of resection; (T4C) 3hs from start of resection; (T4D) end of resection; (T5) 

10 mins after switch; (T6A) 1h from start of diversion; (T6B) 2hs from start of diversion; 

(T6C) 3hs from start of diversion; (T6D) end of diversion; (T7) after extubation; (P1) PACU 

2hs; (P2) PACU 12hs. VCV: Volume-controlled, PRVC: Pressure-regulated volume 

controlled. Data are presented in mean (SD). * Significant inter group difference P < 0.05. 
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Figure 4. Perioperative changes in corrected flow time (FTc; milliseconds) with both 

modes. (T1) Basal; (T2) post-intubation; (T3) at skin incision; (T4A) 1h from start of 

resection; (T4B) 2hs from start of resection; (T4C) 3hs from start of resection; (T4D) end of 

resection; (T5) 10 mins after switch; (T6A) 1h from start of diversion; (T6B) 2hs from start 

of diversion; (T6C) 3hs from start of diversion; (T6D) end of diversion; (T7) after 

extubation; (P1) PACU 2hs; (P2) PACU 12hs. VCV: Volume-controlled, PRVC: Pressure-

regulated volume controlled. Data are presented in mean (SD). * Significant inter group 

difference P < 0.05. 
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Figure 5. Perioperative changes in stroke volume variation (SVV; %) with both modes. (T1) 

Basal; (T2) post-intubation; (T3) at skin incision; (T4A) 1h from start of resection; (T4B) 

2hs from start of resection; (T4C) 3hs from start of resection; (T4D) end of resection; (T5) 

10 mins after switch; (T6A) 1h from start of diversion; (T6B) 2hs from start of diversion; 

(T6C) 3hs from start of diversion; (T6D) end of diversion; (T7) after extubation; (P1) PACU 

2hs; (P2) PACU 12hs. VCV: Volume-controlled, PRVC: Pressure-regulated volume 

controlled. Data are presented in mean (SD). * Significant inter group difference P < 0.05. 
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Table 2. Intraoperative Circulatory support measures in both studied groups:  
Group 0 (n=39) Group 1 (n=47) P value 

Norepinephrine (.03- .4μg/kg/min) 0 (0%) 2 (4.3%) 0.16 

Dobutamine (5 μg/kg/min) 0 (0%) 3 (6.4%) 0.08 

Ephedrine (5-10mg bolus) 27 (69.2%) 32 (68.1%) 0.91 

Total ephedrine (mg) 9.87 (7.299) 10.53 (10.121) 0.73 
Group 0 (VCV-PRVC), Group 1 (PRVC-VCV), h: hour, PACU: post-anesthesia care unit. Data are presented 

in mean (SD) or number (%). *Significant inter group difference P < 0.05. 

 

4. Discussion 

In the present study, several hemodynamic parameters were measured using a 

noninvasive electrical bioimpedance. This cross over study demonstrated that both VCV 

and PRVC modes could be utilized in patients with diastolic dysfunction safely with 

similar perioperative hemodynamics. 

 

Contrary to expectations of the detrimental effects of diastolic dysfunction and 

mechanical ventilation on the hemodynamic parameters, the current study revealed that 

CO, CI, SV and SVI did not show significant difference between both modes. This was 

consistent with previous study results which distinguished non-significant hemodynamic 

changes in CO, CI, SVI and SV over time between VCV and PCV-VG despite the 

expected hemodynamic changes in spine surgery that occur during the prone position [12], 

another study showed that CO, CI and SVI had no significant difference between VCV and 

PCV, although Ppeak was higher in VCV compared to PCV [13]. Lee et al. in another 

study found no significant difference in CO, CI, SVI and SV between VCV mode and 

pressure-mediated ventilation (PCV or PCV-VG) despite of significant effects of 

laparoscopic surgery in the Trendelenburg position on venous return and hemodynamic 

[14]. Balick-weber et al. used TEE to assess systolic and diastolic functions during 

laparoscopic procedures and realized non-significant difference between VCV and PCV on 

LV end-systolic wall stress or LV preload mainly after switching from VCV to PCV[15]. In 

agreement with our findings Othman et al. found no significant changes in CO and SV 

between PCV when was compared to VCV mode in head trauma patients admitted in icu 

when the same ventilation strategy and PEEP were applied [16]. 

 

Although, in diastolic dysfunction, decreased LV compliance rises LV end-diastolic 

pressure which may be aggravated by increased preload, afterload, and tachycardia during 

surgery. also, stress significantly increases LV filling pressure with further increase in left 

atrial pressure to maintain adequate stroke volume. Unfortunately, the net consequence is a 

decrease in SV, CO, and CI, and inotropic and vasopressor support may be required to 

maintain these hemodynamics[4,17]. This may increase the postoperative cardiac 

complications, especially in elderly patients with weakened stroke volume, impaired 

coronary blood flow leading to subendocardial ischemia and hemodynamic [18]. In 

addition, positive pressure ventilation and intrathoracic pressures changes may deteriorate 

myocardial perfusion and diastolic function in patients with pre-operative impaired LV 

relaxation [19]. also, PEEP may lead to impaired LV relaxation and may be associated with 

poor right ventricular (RV) function and possible RV dilatation [20].  This insignificant 

difference may be due to similar mean airway pressures of the two modes with the same 

PEEP value (6-8 cmH2O), and that adequate fluid management strategy in all patients with 

similar amounts of iv fluids was also present. The similar fluid and PRBCS administered 

between the two groups could potentially stabilize hemodynamics without the need for 

vasopressors or inotropes. 
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Regarding the fluid status and responsiveness, there was no significant difference in 

SVV, this study found that SVV changes that could predict fluid responsiveness over time 

in both VCV and PRVC were almost equal. Lee et al. found that SVV could predict fluid 

responsiveness during both VCV and PCV modes, he concluded that SVV can be used to 

guide fluid management during both VCV and PCV modes, but the optimal threshold 

values of SVV were different: 11% for VCV and 14% for PCV [21]. Another study found 

that the change in SVV values over time were not significantly different between pressure-

mediated ventilation (PCV or PCV-VG) and VCV during laparoscopic gynecological 

surgery [14]. Zitzmann et al. and his colleagues showed the same results between VCV 

and PCV at any fluid status, except for baseline where VCV had lower SVV than PCV, 

however it was an experimental animal study [22]. 

 

Current study had showed that There was no statistically significant difference in 

systemic vascular resistance (SVR) and systemic vascular resistance index (SVRI) between 

the two ventilation modes, indicating equivalent levels of vascular resistance. Several 

studies compared pressure-mediated ventilation modes with VCV and conducted results 

that complied with current findings, Othman et al. found no significant changes in SVR 

between VCV and PCV modes in severe head trauma patients with stable hemodynamics 

[16]. Kocis et al. compared PRVC and VCV, and their effects on SVR in infants post 

cardiac surgery using pulmonary artery catheter and found no significant changes in SVR, 

while PRVC mode resulted in a 19% decrease in peak inspiratory pressure, it did not 

adversely affect SVR [23]. SVRI values were lower in the (PCV-VG) group at the onset of 

peritoneal insufflation, SVRI remained higher in the volume-controlled ventilation (VCV) 

group throughout pneumoperitoneum during laparoscopic surgeries in exaggerated 

Trendelenburg position, although the difference was not statistically significant [24]. Peng 

et al. found that both VCV and PCV modes did not show a significant impact on SVRI, 

indicating similar effects on systemic vascular resistance during the surgery during lumbar 

spine surgery[25] . 

 

As regards to intraoperative inotropic support and vasopressor support, where no 

statistically significant differences were found between the two modes, only 3 patients 

required intra-operative norepinephrine infusion started at (0.03- 0.4μg/kg/min), two of 

whom with grade 2 diastolic dysfunction started infusion shortly after induction, continued 

throughout resection and discontinued after cystectomy, the other patient started infusion 

during start of lateral wall resection and discontinued at the end of surgery. Two patients 

had wall motion abnormalities in ECHO with EF 45-50%, one of them had grade 2 

diastolic dysfunction required dobutamine infusion throughout cystectomy and 

discontinued before extubation. We thought that the need for the vasopressors or 

dobutamine was related to either excessive response to epidural boluses during surgery 

especially with hypovolemia that might present or surgery-related factors with extensive 

blood loss and fluid shifting imbalances, the impact of diastolic dysfunction or mechanical 

ventilation related issues were not of that importance. In conformity with current findings. 

Kahl et al. investigated whether patients with diastolic dysfunction require higher doses of 

norepinephrine during general anaesthesia for noncardiac surgeries, the results showed that 

diastolic dysfunction didn’t lead to impaired hemodynamic function requiring increased 

vasopressor support during anaesthesia. Furthermore, diastolic function, as measured by 

the E/e’ ratio, didn’t worsen under anesthesia [11]. Other studies showed non-significant 

difference between dual-controlled ventilation and VCV during laparoscopic surgeries in 
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Trendelenburg position regarding either vasoactive drug used with both of them [26], or 

total ephedrine dose in mgs consumed intra-operative [27]. 

 

This study found no significant differences in the total amount of fluids including 

crystalloids, colloids, blood, or plasma transfusions administered intraoperatively between 

both modes, suggesting fluid optimization alone wasnot enough for hemodynamic 

optimization. Factors like contractility and vascular tone also played a role. The similarity 

in surgery duration, anesthetic technique, surgeon experience, blood loss, and goal-directed 

maintenance fluid administration may also explain that no group needed more fluids than 

the other. 

 

Regarding the incidence of complications such as acute kidney injury (AKI), burst 

abdomen, pneumonia, intestinal obstruction, pulmonary edema, and postoperative 

ventilation, there were no statistically significant difference was found between both VCV 

and PRVC. In concomitant with what the current study found, Sahutoglu et al. recorded a 

non-significance between PCV-VG and VCV as regard respiratory, cardiac, renal and git 

events post-operatively after one-lung ventilation procedures [28]. Also, no significance 

between PCV-VG and VCV regarding pneumonia and acute respiratory distress post-

thoracic surgeries was recorded by Mahmoud et al [29]. 
 

Limitations and Recommendations 

The study had some limitations that should be acknowledged. First, it was a single-

centred study. Second, relatively small sample size and may have limited the statistical 

power to detect significant differences between the ventilation modes. Third, the study did 

not measure the real impact of diastolic dysfunction on hemodynamic parameters as almost 

all of the patients selected for the study had grade 1 diastolic dysfunction which is common 

among elderly aged. Fourth, the study did not measure ventilation modes on postoperative 

pulmonary function, gas exchange, or inflammatory response, which are important 

outcomes in patients undergoing major abdominal surgery. Finally, the study did not assess 

the long-term outcomes or quality of life of the patients after the surgery. Therefore, future 

studies should include larger and more diverse samples, compare different ventilation modes 

with a control group, measure more comprehensive and clinically relevant outcomes, and 

follow up the patients for longer periods of time. 
 

5. Conclusion 

The findings of this study suggest that PRVC and VCV could be used safely in patients 

with diastolic dysfunction undergoing major surgery, there were no major differences in CO, 

CI, SV, SVI and SVV. Also, there was no significant difference as regards fluid status, 

contractility and cardiac function, vascular resistance, tissue oxygenation, and clinical 

outcomes between both modes .  
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