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ABSTRACT

Objective: Mechanical ventilation is a life-saving practice in acute respiratory distress syndrome (ARDS) patients. However, if not used properly, it
causes ventilator-induced lung injury (VILI). Therefore, mechanical power (MP), which combines different variables associated with VILI in a single
parameter and is affects mortality, is important in the management of patients with ARDS. In this study, MP values calculated over pressure-
volume loops of volume control (VCV) and pressure regulated volume control (PRVC) modes were compared.

Methods: While 36 patients received controlled mechanical ventilation support (VCV and PRVC) under deep sedation, in the supine position
on the second day of their intensive care unit hospitalization, MP values were calculated from minute respiratory mechanics. After calculating
the 60-minute MP of the patients in the VCV mode with the (MP ) (simpl) formula, they were switched to the PRVC mode and the 60-minute
MP values were calculated with the MP___(simpl) formula. The opposite was done for patients initially ventilated in the PRVC mode. In this way,
two dependent groups were formed. All data of 36 patients registered in the ‘Metasivionback server’ were transferred to Excel with Structured
Query Language, and then the patient averages were obtained and compared with the paired t-test.

Results: MP (p<0.0001), work of breathing ventilatory (p<0.0001) mean values were found to be statistically significantly higher in the PRVC
group than in the VCV group. Peak airway pressure (p<0.0001) mean values in the VCV group were found to be statistically significantly higher
than those in the PRVC group. No significant difference was found between other respiratory parameters.

Conclusion: Although the respiratory parameters (tidal volume, drive pressure and respiratory rate) that contribute to the calculation of MP are
similar, lower power values are calculated in VCV mode compared to PRVC.
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Amag: Mekanik ventilasyon akut respiratuvar distres sendromu (ARDS) hastalarinda hayat kurtarici bir uygulamadir. Ancak dogru kullaniimadiginda
ventilatériin indikledigi akciger hasarina (ViLl) neden olmaktadir. Bu nedenle, ViLl ile iliskisi saptanan farkli degiskenleri tek bir parametrede
birlestiren ve mortalite Uzerinde de etkisi oldugu distnilen mekanik glic (MG) kavrami, ARDS hastalarinin yonetiminde énem tasimaktadir. Bu

calismada, volim kontrol (VCV) ve basing regiile volim kontrol (PRVC) modlarinin basing-volim déngdileri tizerinden hesaplanan MG degerleri
karsilastinlmigtir.

Gereg ve Yontem: Yogun bakim yatislarinin 2. gliniinde derin sedasyon altinda, sirt Ustl yatar pozisyonda ve kontrole modlarda (VCV ve PRVC)
ventilasyon destegi alan 36 hastanin dakikalik solunum mekaniklerinden MG degerleri hesaplanmustir. Baslangigta VCV modundaki hastalarin 60
dakikalik mekanik gtigleri (basitlestirilmis) formilu ile hesaplandiktan sonra hastalar PRVC moduna alinmig ve 60 dakikalik mekanik gti¢ degerleri
(basitlestirilmis) formiili ile hesaplanmistir. Baglangigta PRVC modunda ventile edilen hastalar igin ise tam tersi yapilmistir. Bu sekilde bagimli
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2 grup olusturulmustur. “Metasivion sunucusu”na kayith 36 hastanin tim verileri yapilandinlmis sorgu dili sorgulama dili ile elde edilip Excel
programina aktarildiktan sonra hasta ortalamalari alinarak paired t-testi ile karsilastirilmistir.

Bulgular: PRVC grubunda MG (p<0,0001) ve ventilatér tarafindan hesaplanan solunum isi (p<0,0001) ortalama degerleri VCV grubuna gére
istatistiksel olarak anlamli yiiksek bulunmustur. VCV grubunda tepe hava yolu basinci (p<0,0001) ortalama degerleri PRVC grubuna gére
istatistiksel olarak anlamli yliksek bulunmustur. Diger solunum parametreleri arasinda anlamli fark saptanmamistir.

Sonug: Mekanik giig hesaplanmasina katkisi olan solunum parametreleri (tidal voliim, siirlicii basing ve solunum sayisi) benzer olmasina ragmen
VCV modunda PRVC'ye gére daha diistik mekanik giic degerleri hesaplanmistir.

Anahtar Kelimeler: Volim kontrol, basing kontrol, mekanik gli¢, ventilasyon, siriicti basing

INTRODUCTION

The management of acute respiratory distress syndrome
(ARDS), which is one of the important problems in the
intensive care unit (ICU), has been the subject of intense
discussion in the pandemic (1). Commonly used modes
in mechanically ventilated patients in the ICU are volume
control ventilation (VCV) and pressure regulated volume
control ventilation (PRVC).

Mechanical ventilation is life-saving in patients with ARDS
(2). However, if not used properly, it can cause ventilator-
induced lung injury (VILI), which has an undesirable outcome
(3,4). Therefore, lung protective ventilation practices have
been developed to minimize VILI in patients with ARDS (5,6).
The protective mechanical ventilation strategy provides the
necessary oxygenation that will not cause hypoventilation for
the patient without causing trauma to the lung (barotrauma,
volutrauma, atalectotrauma) (7). For this reason, the
orientation to protective ventilation strategies has increased
considering experience and scientific data from the past
to the present (8). Today, the concept of ‘less is more’ has
gained importance (5,8). Gattinoni et al. (8) combined
different variables, such as tidal volume (TV), driving
pressure (DP), gas flow, respiratory rate (RR), and positive
end-expiratory pressure (PEEP), which were associated
with VILI in various studies, into a single parameter and
termed the damage caused by mechanical power MP
as ergotrauma (9-13). MP has been associated with
increased mortality in intensive care patients (14). It is
recommended to keep MP below 12 J/min in patients with
ARDS and below 17 J/min in non-ARDS patients (15). For
this reason, in the future, MP measurements will be routinely
calculated on mechanical ventilator screens and will guide
current protective ventilation strategies (8). MP is calculated
from the pressure-volume curve (P-V loop) (7). Since the
P-V loops of the VCV and PRVC modes are different, it is
thought that the formulas developed for the VCV cannot
be used for PRVC in the calculation of MP (16). Therefore,
different formulae are derived for the VCV and PRVC modes
(4,9,17-23).

In this study, the simplified MP equation [MPVCV(S‘,mpD]
developed by Gattinoni et al. (9) was used for the VCV
and the simplified MP equation [MP__ ;. developed
by Becher et al. (19) was used for the PRVC mode in
MP calculations. Thus, the MP applied to the lung in the
VCV and PRVC modes were compared.

METHODS

Ethical committee approval was obtained from the
Clinical Research Ethics Committee of the University of
Health Sciences Turkiye Bakirkdy Dr. Sadi Konuk Training
and Research Hospital (decision no: 2019-02-23, date:
21.01.2019). Informing and consent forms of all patients that
the patient data will be used in prospective scientific studies
during the ICU admission were signed by the relatives of
the patients. This study was registered at ClinicalTrials.gov
(NCT05494554).

Inclusion Criterias

Patients with confirmed coronavirus disease-2019
(COVID-19) diagnosis in ICU admission and diagnosed with
ARDS according to the Berlin criteria (24),

Intubated patients were followed up in the supine position
on the second day of ICU hospitalization.
Exclusion Criteria

Patients with a known diagnosis of chronic obstructive
pulmonary disease,

Patients with unstable hemodynamics during mechanical
ventilation,

Patients receiving inotropic support,

Patients with missing data.

Obtaining Patient Data

This study was conducted prospectively with 36 COVID-19
related patients with ARDS who were intubated and
diagnosed with ARDS according to the Berlin criteria, in
the ICU of University of Health Sciences Turkiye, Bakirkdy
Dr. Sadi Konuk Training and Research Hospital (24). The
definite COVID-19 diagnosis was confirmed by PCR (Bio-
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Speedy Covid-19 RT-Qpcr detection Kit-Bioeksen, Turkiye)
obtained from the nasal swab sample and chest computed
tomographyimages. All patientswere ventilatedwithMaquet
Servo-i (Sweden) ventilators. The ventilator parameters of
the patients are MP, work of breathing ventilatory (WOBY,
automatically measured by the ventilator), inspiratory airway
pressure (APinsp), [DP, plateau pressure (Pplato)-PEEP for
VCV and fixed APinsp preset for PRVC], PEEP, mean airway
pressure [(Pmean, calculated by ventilator: [(peak airway
pressure (Ppeak)- PEEP) x (Tinsp/Ttotal)+ PEEP] for PRVC
and [(Ppeak- PEEP) x 1/2 x (Tinsp/Ttotal) + PEEP)] for VCV],
Ppeak, Pplato, expiratory tidal volume (TVe), PEEP, RR,
expiratory minute volume (MVe), end-expiratory gas flow
(Vee), inspiration/expiration ratio (I:E ratio), inspiratory rise
time (Tslope) were recorded instantly in ImdSoft-Metavision/
QlinICU Clinical Decision Support Software (Canada). Later,
these data were obtained from ‘Metasivion back server’
with Structured Query Language queries and transferred to
an Excel file.

While 36 patients received controlled mechanical ventilation
support (VCV and PRVC) under deep sedation, in the supine
position on the second day of their ICU hospitalization, MP
values were calculated from minute respiratory mechanics.
If the patient is ventilated in VCV mode, after 60 min of
respiratory mechanics and MP values were obtained, it
is switched to PRVC mode for 60 min without changing
the ventilator settings (RR, PEEP, I:E ratio). Likewise, if the
patient is ventilated in PRVC mode, it is switched to VCV
mode for 60 min after 60 min of MP calculation in PRVC.
Thus, two dependent groups were formed. MP values
were calculated from the minute respiratory parameters of
all patients with the MP formulas defined in the software.
Statistical analyses were performed after taking the patient
averages of the 60-minute respiratory parameters (including
MP) of both groups.

Calculation of Mechanical Power

This power applied by the ventilator is calculated from the
P-V loop area between the airway pressure measured in
inspiration and the volume axis (9). Since the P-V loop areas
of the VCV and PRVC are not the same, the equations used
to calculate the MP are also different (4,9,17-23).

In this study, a simplified volume control power equation
[I\/IPVCV(Simpm developed by Gattinoni et al. (9) was used to
calculate MP in VCV mode (9). For the PRVC mode, the
simplified pressure control power equation IMP_ cimpn
developed by Becher et al. (19), which assumes that
the pressure wave is in the form of an ideal square, was
used (16).

Calculation of MP for VCV:
MP =0.098 x AV x RR x (Ppeak- DP/2) (9)

vev (simpl)

Calculation of MP for PRVC:
MP =0.098 x RR x AV x (APmSp+ PEEP) (19)

prvc(simpl)
(MP: mechanical power, 0.098= conversion factor, RR:
respiratory rate, AV: tidal volume, Ppeak: peak airway
pressure, Pplato: plato pressure, DP: driving pressure,
APinsp: pressure above PEEP during pressure-controlled
ventilation)

Statistical Analysis

Descriptive statistical methods [mean, standard deviation
(SD), percentage] were used while evaluating the
demographic data. The homogeneity of the data was
evaluated with the Shapiro-Wilk test. The sample size was
calculated as 36 patients based on a pilot study (power =95%;
a =0.05) (G*Power version 3.1.9.4, Germany). Respiratory
mechanics and MP values of both dependent groups were
distributed homogeneously and were compared with the
paired t-test. A p-value <0.05 was considered significant.
Graphpad Prism 9 (San Diego, USA) was used for statistical
analysis.

RESULTS

This studywas conducted with 36 patients. The characteristics
of the patients included in the study are shown in Table 1.

Mean/SD and p-values of all parameters are shown in Table
2.

Mean values of MP (<0.0001) and WOBV (p<0.0001) were
significantly higher in the PRVC group than in the VCV
group (Table 2).

Mean values of Ppeak (p<0.0001) were significantly higher
in the VCV group than in the PRVC group (Table 2).

Mean values of lung compliance (p=0.466), DP (p=0.772),
Pplato (p=0.879), TVe (p=0.927), PEEP (p=0.442), RR
(p=0.175), MVe (p=0.373), Vee (p=0.497), |:E ratio (p=0.101),
Tslope (p=0.621) did not differ between the VCV and PRVC
groups (Table 2).

DISCUSSION

In the previous studies, the superiority of the VCV and PRVC
modes to each other could not be demonstrated. There is
still disagreement about which mode is better.

In this study, although all respiratory parameters contributing
to the calculation of MP (RR, PEEP, Pplato, TVe, DP, I:E
ratio) were equal between both ventilation modes (VCV



and PRVC), there was a statistically and clinically significant
difference between mechanical power values. The lower MP
calculation in the VCV group was attributed to the geometric
difference in the P-V loops of both modes (16). In the study by
Giosa et al. (17) in which they compared the VCV corrected
surrogate MP formula (MP___ ) with the VCV simplified
power formula [MP , at 5and 15 cmH,O values, they

vev(simpl

Table 1. Demographic data of the patients

Patient characteristics (no=36) Mean/SD
Female (%) 12 (33.3%)
Age (year) 52+16
Height (cm) 172+8
Predcted body weight (kg/m?) 63+9
APACHE-II first 21+7
APACHE-II -last 24+12
APACHE-II -mortality (%) 43+21
SOFA-first 11+4
SOFA-last 11+6
Length of stay in ICU (hours) 342+188
ICU mortality (%) 24 (63.2%)

SD: Standard deviation, APACHE-II: Acute physiology and chronic health
evaluation-ll, ICU: Intensive care unit, SOFA: Sequential organ failure
assessment score
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found that both formulas calculated power values very close
to each other in VCV (17). Chiemello et al. (7), in their study

comparing the MP formula and the geometric method,

compared VCV and PRVC modes at a constant gas flow of
30 L/min. MPs calculated by the geometric method were
7.91£1.98 J/min and 7.84+2.39 J/min in VCV and PRVC
modes, respectively. In the same study, MPs calculated
with MP_  formula were 7.91+2.06 J/min and 8.64+2.62
J/min in VCV and PRVC modes, respectively (7). These
differences were not considered clinically significant.
That study suggests that a single formula can be used
for both VCV and PRVC to calculate MP (7). In our study,
calculated MP values (13.1£2.7 J/min vs 16.3+3.2 J/min
for VCV and PRVC, respectively) are almost twice as
large as the results of the above-mentioned study, and
the power difference between the two modes is equally
large. These differences were evaluated as statistically
and clinically significant. Therefore, the idea of using the
same formula for both modes suggested by Chiumello
et al. (7) may not be correct as the difference between
the VCV and PRVC modes becomes wider at high power
values.

Recently, it has been pointed out that the flow pattern
is as important as the flow rate (25). When evaluated in
terms of MP, the decelerating gas flow pattern in PRVC
causes higher power values compared to VCV even with

Table 2. Patient averages of respiratory parameters recorded in VCV (60 min) and PRVC (60 min) modes were compared with the paired

t-test

Respiratory parameters

Mechanical power (J/minute)

Work of breathing ventilatory (J)

Lung compliance (mL/cmH,0)

Driving pressure (cmH,0)

Peak airway pressure (cmH,0)

Plato pressure (cmH,0)

Expiratory tidal volume (mL)

Positive end-expiratory pressure (cmH,O)

Respiratory rate (1/minute)

Expiratory minute volume (L/minute)

End-expiratory gas flow (L/second)

Inspiration/Expiration ratio

Inspiratory rise time (Ramp) (Tslope) (second)

Gas flow for VCV L/second

VCV (n=36) PRVC (n=36)

p-value
Mean/SD Mean/SD
13.1+2.7 16.3+3.2 <0.0001
1.15+0.19 1.37+0.21 <0.0001
30.61+£9.14 29.83+£9.369 0.466
15.95+3.19 16.05+£2.46 0.772
28.69+3.37 24.80+2.81 <0.0001
24.75+2.93 24.80+2.81 0.879
429.7+55.85 428.6+74.55 0.927
8.801+1.486 8.610+1.460 0.442
16.1+£1.6 15.7+1.57 0.175
6.92+1.13 6.71£1.19 0.373
0.02+0.01 0.02+0.01 0.497
0.8+0.16 0.78+0.18 0.101
0.2+0.11 0.19+0.06 0.621
0.42+0.11 - -

VCV: Volume control ventilation, PRVC: Pressure regulated volume control ventilation, SD: Standard deviation
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similar respiratory parameters. Because the high flow
spikes in the PRVC mode, namely, the high gas flow
applied in a short time, has a damaging effect (26,27).
Additionally, the rapid transmission of cycle energy to the
lungs in early inspiration may have an increasing effect
on lung damage (25). This effect is more prominent in
patients with ARDS than in patients with homogeneous
lungs. It is an ongoing debate whether the decelerating
flow pattern may put PRVC at a disadvantage (26).

The geometric method is the gold standard for MP
calculation, but the measurement equipment was
lacking.

CONCLUSION

Although respiratory parameters (TV, drive pressure and
RR) that contribute to the calculation of mechanical power
are similar, MP values in the VCV mode are both clinically
and statistically lower than PRVC. Although the clinical
superiority of the VCV and PRVC modes to each other
has not been demonstrated, it is thought that VCV is
more advantageous in terms of mechanical power values.
Moreover, a single formula for calculating power at high
power values will cause inaccurate measurements.
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