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SHORT REPORTS

Effect of Peritoneal Dialysis on
Respiratory Mechanics in
Acute Kidney Injury Patients

Acute kidney injury (AKI) is a common disorder that
affects approximately 30% of patients in intensive care
units (ICU) (1). Recent studies have shown that perito-
neal dialysis (PD) can be an option for select AKI patients
for promoting adequate metabolicand fluid control with
a mortality rate similar to that of other dialysis modali-
ties (2-7).

However, PD can increase intra-abdominal pressure
(IAP) after dialysate infusion leading to impaired dia-
phragm mobilization, decreasinginspiration and expira-
tion pressure, total pulmonary capacity and functional
residual capacity, which may cause or worsen respiratory
failure (8-12).

Despite the important association between AKI and
injured lungs in the prognosis of patients, there are no
studies on the influence of PD on respiratory mechan-
ics of AKI patients. Thus, this study aimed to evaluate
the respiratory mechanics, oxygenation and IAP in
mechanically ventilated AKI patients undergoing high
volume PD.

METHODS

This was a prospective cohort study that evaluated
respiratory mechanics in 44 high-volume PD sessions
performed in 20 AKI patients undergoing mechanical
ventilation and admitted to the Clinical Hospital of
Botucatu School of Medicine over 18 consecutive months.
This study was approved by the medical ethics committee
for local research and informed consent was obtained
from all participants or their legal representatives.

Inclusion criteria were patients older than 18 years,
with a clinical diagnosis of AKI according to Acute
Kidney Injury Network (AKIN) criteria (13) caused by
ischemic, nephrotoxic or mixed acute tubular necrosis,
treated with PD for at least one session and undergoing
mechanical ventilation.

Exclusion criteria were patients with pre- and post-
renal AKI etiology, severe hemodynamic instability
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(systolic blood pressure below 80 mmHg or using
norepinephrine at a dose exceeding 1 ucg/kg/min),
absolute contraindications for PD use, early mechani-
cal complications related to PD (occurring within 24
hours), pregnancy, severe chronic renal disease (baseline
serum creatinine>4 mg/dl), kidney transplant, patients
undergoing tracheostomy, in which it was not possible
to perform measurements of respiratory mechanics
appropriately due to lack of deep sedation and patients
on alveolar recruitment (with positive end-expiratory
pressure (PEEP) > 10 cm H,0).

Acute kidney injury patients were treated with con-
tinuous high-volume PD modality which is designed to
achieve higher small-solute clearances. It is performed
using automated cyclers, a flexible catheter, and a high
volume of dialysis fluid as described in previous studies.
Each session of high-volume PD lasts 24 hours, and ses-
sions are repeated daily, 7 times per week. Prescribed
Kt /Vwas 0.60 per session and the total dialysate volume
persession ranged from 36 Lto 44 L (2 L per cycle) (2-7).
Peritoneal access was established by a nephrology team
through the percutaneous Tenckhoff catheter using a tro-
cate. The dialysate used was Dianeal (Baxter Healthcare
Corporation, Deerfield, IL, USA)(Na = 132 mEq/L, Ca =
3.5 mEq/L, K= 0 mEq/L = 1.5 mEq Mg/L = 40 lactate
mEq/L, glucose =1.5, 2.5 or 4.25%) and the exchanges
were performed using a HomeChoice cycler (Baxter
Healthcare Corporation, Deerfield, IL, USA).

We evaluated IAP, respiratory mechanics and oxygen-
ation. Respiratory mechanics and IAP were evaluated at
5 moments during 3 days of dialysis . On the first dialysis
day, patients were evaluated at 3 moments: MO (pre-
dialysis and dry state), M1 (post-infusion of dialysate:
filled state) and M2 at the end of dialysis (dry state). On
the second and third dialysis days, patients were evalu-
ated only at the end of the dialysis session (M3 and M4:
dry state) (Figure 1).

The estimate of the compliance (Psc) and respiratory
system resistance (Rsr) was based on the technique of
end-inspiratory occlusion (14). Such measures require
the paralysis of the patient to eliminate spontaneous
inspiratory effort (15). Thus, the patients who were not
previously sedated were temporarily sedated according
to physician evaluation and prescription, until they
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Figure 1 — Moments that respiratory mechanics and intra-abdominal pressure were evaluated. HVPD = high-volume peritoneal

dialysis.

reached the level of deep sedation (-5 on the Richmond
Agitation-Sedation Scale) (16) and absence of sponta-
neous inspiratory effort. If it was necessary, patients
were paralyzed.

Patients were ventilated using a constant flow (square
wave) volume controlled mode with an inspiratory pause
of at least 2 seconds, PEEP of 5 cm H,0 and a tidal vol-
ume of 6 mL/kg (ideal weight). At each assessment, 5
consecutive values of respiratory pressure peak (PIP),
plateau pressure (PLATP), tidal volume (Vt), inspiratory
flow (V") and auto-PEEP were collected and the average
value was used for the calculations (16).

The efficiency of gas exchange was assessed pre-
and post-dialysis daily by an oxygenation index that
corresponds to the ratio of arterial oxygen tension to
fraction of inspired oxygen (Pa0,/Fi0,) (17), and also
by the fraction of inspired oxygen (Fi0,), expressed as
a percentage.

Intra-abdominal pressure was measured by indirect
technique using a 3-wayintravesical catheter, based on the
originalmethod of Kron (18). Twenty-five mL of saline were
instilled into the bladder and the patient was levelled in
orderto bein complete supine position with zero reference
pointatthe mid-axillary line, as determined by consensus
intra-abdominal hypertension/abdominal compartment
syndrome (IAH/ACS) (19). After saline infusion, it was
expected that the pressure monitor would be stabilized at
a fixed value, so as to ensure its reliability (26).

Data analysis was performed using SAS for Windows,
version 9.2 (SAS Institute Inc., Cary, NC, USA). Variables
with normal distribution were described as mean +
standard deviation and the variables with non-normal
distribution, as median and interquartile range.

Fortheanalysis of variables Rsrand Pa0,/Fi0, repeat-
ed measures ANOVA and multiple comparisons adjusted
by Tukey were used. Comparisons of variables Psc, IAP
and Fi0, were performed using repeated measures model
and asymmetric distribution (Gama) using the GENMOD
procedure. Multiple comparison tests were performed
by the same procedure DIFF option. The same type of

corrected adjustment was used for chronic obstructive
pulmonary disease (COPD) patients, pulmonaryinfection,
and invasive mechanical ventilation (IMV) time.

In all tests, the significance level considered was 5%.

RESULTS

During the study period, a total of 106 patients were
treated by dialysis: 26 by PD (24.5 %) and 80 by hemo-
dialysis (HD) (75.5%). Absolute contraindication for PD
occurred in 61 patients (57.5%) and they were: recent
abdominalsurgery (<1 month), multiple abdominalsur-
geries (>3), severe hyperkalemia with electrocardiogram
changes, severe respiratory failure (Fi02 > 70%) and
severe fluid overload. Six patients treated with PD were
excluded (23%); 3 patients had mechanical complica-
tions related to the peritoneal catheterin the first 24 h
of dialysis, and 3 had tracheostomy.

Twenty AKI patients who underwent 44 sessions of
high-volume PD were evaluated. Eleven patients had 3
PD sessions analyzed, 8 patients had 2 PD sessions and
1 patient had only 1 session analyzed. The number of
patientsincluded on the final day was 11.

Table 1 shows the clinical, laboratory, and dialysis char-
acteristics of AKI patients undergoing high-volume PD.

Evaluation of respiratory mechanics and IAP are shown
in Table 2. The estimate of the compliance improved
significantly after 3 sessions of high-volume PD and Rsr
remained stable, without significant changes. Intra-
abdominal pressure increased significantly after the first
dialysateinfusion. However, after subsequent drainages
these values decreased, reaching values close to base-
line after the third PD session. Regarding oxygenation
parameters, Fi0, did not change during the firstand the
second PD sessions and decreased after 2 sessions. Pa0,/
Fi0, increased progressively after 1 dialysis session.

Afteradjustment forthe presence orabsence of COPD,
lung infection and IMV time, there were no changes in
results obtained on mechanicalventilation, oxygenation
and IAP.
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TABLE 1
Clinical, Laboratory and Respiratory Characteristics of
Acute Kidney Injury Patients at the
Beginning of Treatment

HVPD

Patients (n) 20
HVPD sessions 44
Male sex (%) 15 (75%)
Age (years) 73.2+11
Caucasian 85%
Weight (kg) 66.6+10.7
Height (m) 1.64+0.7
Cause of AKI (%)

Ischemic 15 (75%)

Mixed 5 (25%)
Sepsis (%) 15 (75%)
Oliguria (%) 10 (50%)
Indication for dialysis

Uremia 13 (65%)

Hypervolemia 2 (10%)

Anuria 5 (25%)
Delivered Kt/V per session

15t session 0.38+0.12

2"d session 0.38+0.10

3" session 0.4+0.07
Vasoactive Drugs 14 (70%)
APACHE II 2414
ATN-ISS 0.64+0.23
Comorbidities

VD 11 (55%)

DM 5 (25%)

COPD 3 (15%)
Pa0,/Fi0, 230.5 (164-289)
Mechanical Ventilation (days) 5 (2-9)

HVPD = high-volume peritoneal dialysis; AKI = acute kidney
injury; Kt/V = dialysis adequacy; APACHE II=acute physiologi-
cal and chronic health evaluation II; ATN-ISS = acute tubular
necrosis - individual severity score; CVD = cardiovascular
disease; DM = diabetes mellitus; COPD = chronic obstructive
pulmonary disease; Pa0,/Fi0, = ratio of arterial oxygen ten-
sion to fraction of inspired oxygen.

The metabolicand fluid control of AKI patients treated
with high-volume PD is shown in Table 3. After the sec-
ond session, serum creatinine stabilized. Ultrafiltration
increased progressively during the treatment, while fluid
balance decreased with the treatment.

DISCUSSION

This prospective study aimed to evaluate the effects of
PD on respiratory mechanics in AKI patients undergoing
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mechanical ventilation. There are few previous studies
on PD in AKI and its respiratory implications were not
evaluated in the majority of them.

Peritoneal dialysis can be associated with a number
of complications that are directly related to hydrostatic
pressure changes in the abdominal cavity or changes in
the intraperitoneal volume that occur during PD, which
are further complicated by a rise in the IAP. The rise in
IAPis reported to be proportional to the volumeinfused.
Arisein IAP leads to the serious complication of IAH and
ACSin patients admitted to the critical care department.
Furthermore, theincrease in abdominal pressure causes
diaphragmatic pleural pressure changes leading to
decreased pulmonary compliance and total pulmonary
capacity (15-19).

In this study, 45% of patients had increased IAP
(=7 mm Hg) at initial evaluation (M0). Malbraim et al.
(20) reported thatabout 30% of criticallyill patients have
increased IAP. These results are most likely a consequence
of the severity of the patients” illness and high-volume
replacementin sepsis. According to Pelosietal. (11), IAP
of 12 mm Hg is sufficient to cause significant decrease
in pulmonary compliance. In an experimental model of
acute lunginjury, pulmonary edemaincreased twice after
IAP had been increased to 15 mm Hg (21).

However, in this study there was a progressiveincrease
in Psc, showing improvement in respiratory mechanics
in patients undergoing high-volume PD. This finding can
be explained, at least partially, by IAP levels kept stable.
In fact, after infusion of dialysate (filled state), there
was significantincrease in IAP without reaching critical
levels and without worsening respiratory mechanics.
Furthermore, IAP increase was not maintained after
drainage (dry state).

Reductionin fluid balance due to anincreasein ultra-
filtration may have contributed to decreasein pulmonary
edema and consequently animprovementin Psc. Similar
results were obtained by Werner et al. (22), who evalu-
ated 32 AKI children undergoing PD. The authors found
a reduction in airway pressure, suggesting improve-
ment in respiratory mechanics. Clinical data show that
positive fluid balance and oliguria can contribute nega-
tively to pulmonary function, leading to increased time
of IMV (23,24).

Some authors suggest that PD may lead to a reduction
in lung volumes, including functional residual capacity.
Low functional residual capacity can cause collapse of
smallairways, which can lead to a decreasein ventilation,
perfusion matching and consequently arterial hypox-
emia (25). In this study, in AKI patients treated with
PD, hypoxemia did not worsen and Pa0,/Fi0, increased
progressively. These findings are consistent with Sagy
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TABLE 2
Respiratory Mechanics and Intra-Abdominal Pressure of Acute Kidney Injury Patients Treated with Peritoneal Dialysis
MO M1 M2 M3 M4
Psc (mL/cm H,0) 36+14.7 33.85+13.8 38.4+13.4 40.6+13.5 53.4+22°
Rsr (cm H,0/L/s) 10.545.5 12.748.8 12.948.4 11.745.8 14.246.3
IAP (mm Hg) 8.3+4.4 12.546.3" 10.245.9 9+4.2 8.2+4.9
Pa0,/Fi0, 239+84 — 239474 231+78 266+88¢
Fi0, 39+11 — 39+10 41+15% 34:£8%1

MO = pre-dialysis (dry state); M1 = post-infusion of dialysate (filled state); M2 = end of dialysis (dry state); M3 and M4 = end of
dialysis (dry state); Psc=pulmonary static compliance; Rsr = respiratory system resistance; IAP =intra-abdominal pressure; Pa0,/
Fi0, = ratio of arterial oxygen tension to fraction of inspired oxygen.

@ M4 vs MO p=0.0018; M4 vs M1 p=0.0004; M4 vs M2 p=0.0017; M4 vs M3 p=0,04.

b M1 vs MO p=0.0001.
¢ M4 vs M3, p=0.04.
d M4 vs MO, M2, M3, p=0.03.

TABLE 3
Metabolic and Fluid Control of Acute Kidney Injury Patients Treated with Peritoneal Dialysis

15t Session 2" Session 3" Session
Cr (mg/dL) 3.85+13,8 3.9+1.9 3.7£2.4
BUN (mg/dL) 108.3+27 99.9+28.5 90.88+27.5
pH 7.28+0.14 7.33+£0.12 7.38+0.09°
BIC (mEq/L) 17.4%5.6 19.8+6.1 22.9+3.9°
UF (mL) -359(-727-878)¢ 1106(-297-1713)¢ 1647(164-2158)
Fluid balance (mL) 1451(235-2501)° 392(-68-1724) -136(-537-0)f

Cr = creatinine; BUN = blood urea nitrogen; BIC = bicarbonate; UF = ultrafiltration.

a 3rdys 15t p=0.009; 3" vs 2" p=0.02

b 3rdys 15t p=0.02; 3" vs 2" p=0.04

¢ 1tys 2" p=0.007; 1%t vs 3" p=0.002
d 2ndys 314 p=0.03

e 15tys 2" p=0.005; 15tvs 3™ p=0.0008
f2ndys 31 p=0.001; 3 vs 2" p=0.01

and Silver (26) who found increased Pa0,/Fi0, in AKI
children undergoing PD.

Removal of uremic toxins by PD is another hypothesis
that can be considered for the improvement of Psc in
mechanically ventilated AKI patients. Harper et al. (27,28)
found a significantincreasein pulmonaryvascular perme-
ability to waterand proteinin uremic patients. Theincrease
in vascular permeability can lead to edema and this can
affect lung expansion. In this study, after 3 high-volume
PD sessions, urea and creatinine levels were stable.

Regarding the evaluation of Rsr, the present study
found values higher than expected for most patients
before PD treatment (M0). These findings may be
related to factors such as mucosal edema of airways,
bronchospasm, the presence of secretions, and conden-
sation of liquids in the system’s mechanical respirator.

However, there was no significant differencein Rsrafter
PD treatment. Respiratory system resistance remained
stable and did not decline with fluid removal.

The present study has some limitations, such as
having been performed in a small number of sessions
per patient, with differences in numbers of patients at
different moments of evaluation and at a single center.
Besides, only 1 evaluation was performed at filled status,
which may have an influence on the interpretation of
respiratory mechanics in relation to IAP. Other possible
limiting factors, such as the presence or absence of COPD,
infectious pulmonary disease, and time of IMV, were
eliminated after statistical adjustment. Despite showing
some limitations, this is the first study to describe the
effects of PD on respiratory mechanics in mechanically
ventilated AKI patients. Furthermore, results suggested
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that PD does not appear to worsen respiratory mechanics
despite a modest increase in IAP.
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