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Abstract. — OBJECTIVE: Non-invasive posi-
tive pressure ventilation (NIV) is now an indis-
pensable safeguard in the management of many
pathologies. However, sometimes the positive
end-expiratory pressure (PEEP) showed harmful
effects on renal function, although effects on re-
nal hemodynamic are unclear. We aimed at eval-
uating the effects of NIV on renal and endotheli-
al function, in patients with chronic or acute re-
spiratory failure.

PATIENTS AND METHODS: We performed a
longitudinal, prospective, interventional study.
We enrolled 17 hospitalized and non-hospital-
ized patients (11 males) with indication to NIV
and stable hemodynamic parameters. Patients
were treated with NIV and followed up at TO, at
T1 (at the end of the NIV cycle) and at T2 (fifteen
days after).

RESULTS: 17 patients (11 males) with a mean
age of 71.94 + 14.89 years were enrolled. A sig-
nificant increase in flow mediated dilation (FMD)
was found (p = 0.004). We showed a significant
improvement, after NIV, in the values of pH (p =
0.0002), pCO2 (p = 0.0001), pO2 (p = 0.04), lac-
tates (p = 0.04), sO2 (p = 0.02) and in the P/F Ra-
tio (p = 0.004). We also showed a significant re-
duction of serum glucose (p = 0.01) and a sig-
nificant increase of serum chlorine (p = 0.047),
while we did not report a significant increase of
creatinine (p = 0.297) or a significant change in
diuresis.

CONCLUSIONS: In our study NIV has no sig-
nificant effects on renal function in patients with
respiratory failure. Probably these patients re-
quired low PEEP values, which were less harm-
ful to lung parenchyma and not effective on sys-
temic hemodynamic. Furthermore, NIV has im-
proved endothelial function in the short term,
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likely by reducing oxidative stress, as improve-
ments of the gas-analysis parameters showed.
Therefore, NIV could help to reduce cardio-
vascular risk of patients improving endotheli-
al function.
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Abbreviations

Non-invasive positive pressure ventilation (NIV), pos-
itive end-expiratory pressure (PEEP), Chronic obstruc-
tive pulmonary disease (COPD), Acute kidney Injury
(AKI), Chronic kidney disease-epidemiology formula
(CKD-EPI),estimated glomerular filtration rate (¢GFR),
Flow-mediated dilation brachial artery (FMD), renal
blood flow (RBF), Renal Resistive index (RRI), atrophy
index (AI), antidiuretic hormone (ADH), nitric oxide
(NO), ultrasonographic exams (US), arterial blood gas
analysis (ABG).

Introduction

Chronic  obstructive pulmonary disease
(COPD) is responsible for early mortality, high
death rates and huge health costs. COPD includes
heterogeneous conditions all characterized by a
not reversible (or partially reversible) ventilato-
ry obstructive deficit'. Beyond pharmacotherapy,
major treatment options are oxygen supplemen-
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tation, pulmonary rehabilitation and mechanical
ventilation; surgery may be considered in select-
ed patients®. Exacerbations of COPD and acute
or chronic respiratory failure cause a high rate
of hospital admissions and mortality and they
strongly influence quality of life. NIV is an as-
sisted ventilation, like PEEP techniques, to keep
the airways open, without a surgical or artificial
access to the airways (e.g., tracheostomy tube or
endotracheal tube). Long-term or sudden non-in-
vasive positive pressure ventilation (NIV) leads
to an improvement of clinical outcome. In pa-
tients with acute unbalanced hypercapnic exac-
erbations of COPD techniques without positive
end-expiratory pressure (PEEP) are more effi-
cient and cost-effective than others using PEEP*>.
Nowadays, NIV is preferable to invasive support
by tracheostomy in the acute care hospital set-
ting, for long term care and house management of
patients requiring mechanical ventilation. More-
over, tracheostomy cares complicate management
for both patients and caregivers, worsening pa-
tient’s quality of life*. Recent animal models and
clinical studies® have shown that PEEP ventilation
can worse pre-existing lung injury and cause ven-
tilator-induced lung injury, which has been linked
with the development of systemic inflammation
and multi organ dysfunction, including renal fail-
ure. Increased vascular stiffness, neuroendocrine
activation, tissue hypoxia, oxidative stress and
cellular activation are all involved in kidney dam-
age. Barotrauma, triggered by PEEP techniques,
can lead to the release of mediators responsible
for Acute Kidney Injury (AKI). Moreover, right
ventricular dysfunction and lung congestion could
contribute to a reduction in renal perfusion, wors-
ening the acid-base balance. Effects of mechani-
cal ventilation on pulmonary and cardiovascular
function have been extensively studied, while
its effects on renal function are not well defined.
Previous experimental studies and few clinical
reports®’ have shown a significant effect of NIV
on renal function. We aimed at evaluating the ef-
fects of NIV on renal and endothelial function, in
patients with chronic or acute respiratory failure.

Patients and Methods

The study protocol was approved by the Local
Clinical Research Ethics Committee. The study
conforms to the principles outlined in the Dec-
laration of Helsinki and we obtained a written
informed consent. We performed a longitudinal,

prospective and interventional study on 17 hos-
pitalized and non-hospitalized patients (11 males)
at the University Hospital “Policlinico Umberto
I” of Rome (Sapienza University of Rome, Italy).
Enrolled patients were treated with ventilatory
assistance; some of them had already undergone
ventilatory assistance. Patients were enrolled
from January 2019 to October 2019. We checked
out patients at TO and T1 (at the end of the NIV
cycle) and at T2 (fifteen days after the ventilation
cycle). At TO we performed hematochemical ex-
ams, arterial blood gas analysis (ABG) and ultra-
sonographic exams (US). At T1 we repeated ABG
and US, while at T2 we only performed hemato-
chemical exams.

Inclusion Criteria

Patients with indication to NIV without hemo-
dynamic instability.

Patients aged >18 and <80 years old with esti-
mated glomerular filtration rate (¢GFR) > 30 ml/
min.

Exclusion Criteria

Hemodynamic instability, ongoing sepsis, eG-
FR < 30 ml/min; patients who refused to give
consent.

Laboratory Measurements

In all patients, levels of fasting plasma glucose
(mg/dL), creatinine (mg/dL), serum nitrogen
(mg/dL), serum uric acid (mg/dL), serum calci-
um (mg/dL), serum phosphorus (mg/dL), serum
sodium (mg/dL), serum potassium (mg/dL), and
serum chlorine (mg/dL) were measured using
standard automated techniques. Arterial blood
gas was performed using a blood gas analyzer
(Nova Phox Plus C, Prospect Street, Waltham,
MA 02454-9141, USA). The eGFR was calcu-
lated with the abbreviated Chronic kidney dis-
ease-epidemiology formula (CKD-EPI), as de-
fined by Levey et al®.

Flow-Mediated Dilation Brachial Artery
(FMD)

According to the method described by Corret-
ti et al’, the endothelium-dependent vasodilation
(FMD) of the brachial artery was assessed us-
ing a B-mode ultrasound machine Toshiba Aplio
xV (Toshiba Aplio xV, Toshiba American Med-
ical Systems, Inc., Tustin, CA, USA) equipped
with a 5- to 12 MHz linear transducer, follow-
ing a standardized protocol. Flow-mediated di-
lation was typically expressed as the change in
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post-stimulus diameter as a percentage of the
baseline diameter. FMD: (diameter post-hyper-
emia-basal diameter/basal diameter) x 100. The
values of FMD were considered normal if they
were greater than 10%.

Renal Resistive index (RRI)

Participants were studied with the high-resolu-
tion B-mode ultrasound machine Toshiba Aplio
xV (Toshiba Aplio xV, Toshiba American Medical
Systems, Inc., Tustin, CA, USA) equipped with
a 3-3.5 MHz convex transducer. Renal resistive
index (RRI) values were determined with the
mean of three separate measurements in the re-
nal superior pole, interpolar regional and inferior
pole on the level of the interlobular, interlobar or
arcuate arteries in both kidneys. We used anterior
and oblique approach, to detect the renal arteries
and intra-parenchymal vessels. Three to five re-
producible and consecutive waveforms with simi-
lar aspect from each kidney were obtained. These
measurements were used to calculate the average
RRI value for each kidney, and then the average
RRI value for each patient was calculated as the
mean of the RRI in the left and right kidney'’. We
determined the peak systolic velocity and end-di-
astolic velocity (centimeters/second) to calculate
the RRI as = [1-(end-diastolic velocity +~ maximal
systolic velocity)] x 100. The intra-reader correla-
tion coefficient for RRI was 0.97, whereas the in-
ter-reader was 0.92. We also assessed the atrophy
index (AT)!.

Statistical Analysis
Data management and analysis were per-
formed using IBM® Statistical Package for Social

Science (SPSS®™) Statistics 22.0 for Windows®
software (IBM Corporation, Armonk, NY, USA).
The normality of variables was tested using the
Shapiro-Wilk method for normal distributions.
All continuous variables were expressed as mean
+ standard deviation, categorical variables were
expressed as number (percentage). We used the
t-test for paired samples to study the variations of
the indices of interest before and after the admin-
istration of non-invasive mechanical ventilation.
A probability value of p < 0.05 was considered to
be statistically significant.

Results

Patient’s characteristics at TO and at T2 are
shown in Table I. A total of 17 patients (11
males) with a mean age of 71.94 = 14.89 years
were enrolled. A significant increase in FMD
was found in patients treated with NIV (p =
0.004). There was no significant change in the
RRI (p = 0.655) and in the Al (p = 0.642). Data
showed a significant improvement, after NIV,
in the values of pH (p = 0.0002), pCO2 (p =
0.0001), pO2 (p = 0.04), lactates (p = 0.04), sO2
(p =0.02) and in the P/F Ratio (p = 0.004) (Fig-
ure 1). There was also a significant reduction
of serum glucose (p = 0.01) and a significant
increase of serum chlorine (p = 0.047). A sig-
nificant increase in creatinine (p = 0.297) (Ta-
ble I) or a significant change in diuresis are not
shown. The correlations between the different
parameters, assessed with Pearson tests, were
not significant; therefore, we did not find a lin-
ear variation between the changes in arterial
gases, FMD and RRI.

Table I. Patients’ characteristics at TO (baseline) and at T2 (fifteen days after the ventilation cycle).

Values TO T2 p value
Creatinine mg/dL 0.84 +0.27 0.79 £0.14 0.297
e¢GFR ml/min 88.0 £26.18 89.88 + 17.65 0.732
Serum glucose mg/dL 190.04 = 97.69 120.16 £ 44.90 0.013
Serum nitrogen mg/dL 35.69 £ 14.45 37.34 £12.80 0.710
Sodium mEq/L 142.0 +4.21 144.11 +3.29 0.127
Potassium mEq/L 4.14 + 0.55 4.24 +0.65 0.621
Calcium mg/dL 8.94 + 0.45 9.0+ 0.65 0.588
Phosphorus mg/dL 448 £2.46 3.47 +£0.98 0.180
Chlorine mEq/L 96.11 £3.44 99.55 + 3.60 0.047
Magnesium mg/dL 2.02+0.10 2.17 +0.20 0.105
CRP ng/L 17493.33 £ 27550.72 17660.0 + 25903.41 0.983

Data are show as mean =+ standard deviation or number (%). Abbreviations: eGFR, estimated Glomerular Filtration Rate; CRP,

C-Reactive Protein.

11376



Effects of mechanical ventilation on renal and endothelial function

PRE E POST NIV
350

300
250

200
mPre

150

100

50
o = .
pH

pCco2

= l

po2 Lac

s02
P/F Ratio

Figure 1. Patients’ characteristics pre and post NIV. 4b-
breviation: N1V, Non invasive positive pressure ventilation.

Discussion

NIV is a benchmark in the management and
therapy of several pathologies; however, PEEP
has not always shown beneficial results on renal
function. Some studies®’ suggested that renal
dysfunction also has a direct, adverse effect on
pulmonary function. In 1947, Drury et al'? ob-
served a sudden reduction in renal blood flow
(RBF), eGFR and diuresis after the administra-
tion of NIV to their patients, measured with the
clearance of inulin. Moreover, Gammanpila et
al’, Marquez et al'* and Fewell et al® report-
ed similar results on animal models. Human
studies confirmed many of the observations
made on animal models. Hemmer and Suter'®
analyzed the effects of high PEEP levels on 10
patients, similarly, demonstrating a reduction in
diuresis and eGFR. All these changes were re-
versible with the suspension of PEEP. However,
not all the studies performed on human models
have led to the same observations. Jarnberg et
al'” observed a reduction in RBF and diuresis,
without change in eGFR. Different mechanisms
have been hypothesized causing kidney dys-
function. Ventilatory support causes cardiovas-
cular remodeling through complex interactions
between intrathoracic pressure, intravascular
volume and heart performance. The positive
intrathoracic pressure inhibits venous return,
resulting in preload reduction. It also causes af-
terload increase, by squeezing pulmonary and
mediastinal vessels. Therefore, a reduction in
cardiac output is determined and it is respon-
sible for decrease in renal perfusion'. Mullins

et al”, on canine models, showed that PEEP
did not cause a significant modification of re-
nal function, as long as correct renal perfusion
was maintained. Evidence demonstrated how
changes in pulmonary hemodynamics, during
NIV, depend on intravascular volume and car-
dio-pulmonary status, explaining the contra-
dictory results found in many studies. Hall et
al? suggested that PEEP ventilation, by redis-
tributing renal circulation from the cortex to
the medulla through the release of vasoactive
mediators, could depress renal function. Many
hormonal responses to PEEP have been stud-
ied, including those of atrial natriuretic pep-
tide, antidiuretic hormone, renin, aldosterone,
prostaglandins, adrenaline and norepinephrine.
The result of all these hormonal pathways is the
decrease in RBF, a reduction of eGFR and sa-
line retention with oliguria. Despite some con-
flicting data, fluid retention could be caused by
the release of vasoactive mediators induced by
NIV?. These mediators reverse intrarenal cir-
culation from the cortex to the medulla?’. The
release of antidiuretic hormone (ADH) is like-
ly multifactorial. Henry et al?® suggests that the
increased secretion of ADH is associated with
the reduction in the stretching of cardiac muscle
fibers, due to volume depletion. Many experi-
ments involving denervation procedures just re-
duced the secretion of ADH, without however
completely abolishing it**. NIV has also been
shown to increase renin activity, both in animal
and human models® and to increase sympathet-
ic tone, for a secondary activation of the renin
angiotensin aldosterone system. It results in a
reduction in RBF, eGFR and diuresis'’>. Atrial
natriuretic peptide suppression could also ex-
plain the lower urinary volume, and the reduc-
tion of urinary sodium excretion during NIV.
Ramamoorthy et al** demonstrated, on canine
models, how plasma ANP levels decreased with
the onset of NIV. Some studies?”?® have reported
that mechanical ventilation can cause an inflam-
matory response, causing AKI. When ventilator
support is mandatory, ventilatory settings seem
to modify the occurrence of renal dysfunction.
Ranieri’s most recent prospective study?’ found
a greater occurrence of renal failure in patients
ventilated by conventional strategies, compared
to those treated with protective strategies. Our
study seems to confirm the association between
impairment in hemodynamics and renal and en-
dothelial dysfunction, during PEEP treatment,
since NIV does not significantly impact on renal
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function. In fact, there are no significant chang-
es in RRI, Al and eGFR, suggesting a correct
maintenance of renal flow, perhaps due to more
conservative ventilation strategies. In addition,
we also went to evaluate patients with chronic
renal failure to better evaluate this effect. As
we said, several mechanisms are implicated in
renal dysfunction, but they are not completely
understood. Mechanical ventilation could allow
the release of systemic mediators of inflamma-
tion, which increase endothelial and epithelial
permeability causing AKI*°%. Tmai et al?, in
rabbit models, described the released of ILS8
and induced renal and intestinal cell apoptosis
due to invasive ventilation, providing evidence
of a remote crosstalk triggered by lung dam-
age. Mechanical ventilation appears to be an
independent predictor for the development of
renal failure in intensive care units. Vivino et
al*’ assessed it in a studied on 153 traumatized
patients which underwent invasive ventilation.
Mechanical ventilation was indicated as an in-
dependent predictor of mortality and the need
for dialysis replacement therapy by Chertow
et al** studying 256 patients with acute tubular
necrosis. In our study, we found an increase in
the FMD value following the use of NIV. There
are no similar evidences in literature, howev-
er, we can hypothesize that respiratory support
could improve oxidative stress, increase the bio-
availability of nitric oxide (NO), and then, im-
prove the endothelial function. In fact, FMD is
predominately mediated by the release of NO,
a gaseous compound with antiadhesive, anti-
thrombotic, and vasodilatory properties. This
effect could reduce the cardiovascular risk of
patients. Moreover, we showed a significant re-
duction of serum glucose, probably due to the
better therapeutic control of patients after NIV.
In fact, even a modest hyperglycaemia could re-
flect the physiological stress associated with im-
paired respiratory function. Chakrabarti et al®
detected basal hyperglycemia as an independent
prognostic negative value for the success of NIV
therapy. NIV therapy, in accordance with its in-
dications, has allowed an improvement of all
ABG parameters. A correct acid-base balance,
with a significant reduction in lactatemia, aid to
preserve correct cardiac contractility. Lactic ac-
id is produced by cellular metabolism, therefore,
during hypoxic conditions cells can use less ef-
ficient energy production causing excessive pro-
duction or poor elimination of lactates. In fact,
high levels of lactates are also responsible for
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correct cardiac contractility, since acidosis, both
respiratory and metabolic, is responsible for the
deterioration of the cardiac inotropic state.

Limitation of the Study

The main limitation of our study is the small
sample size; additional prospective follow-up
studies, with a larger number of patients, are nec-
essary to confirm our results. A significant pro-
portion of patients were taking several medica-
tions with a potential bias on different metabolic
indices.

Conclusions

The results of this study indicated that NIV has
no significant negative effects on renal function
in patients with respiratory failure, probably be-
cause positive pressure administered has not he-
modynamic effect, causing low barotrauma, as
reported in the literature. Furthermore, NIV has
improved endothelial function in the short term,
probably through the reduction of oxidative stress
resulting by the improvement of the ABG param-
eters. NIV could help to reduce cardiovascular
risk of patients also improving endothelial func-
tion and reducing serum glucose and lactatemia.
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