Taylor & Francis
Taylor & Francis Group

Renal Failure

ISSN: 0886-022X (Print) 1525-6049 (Online) Journal homepage: informahealthcare.com/journals/irnf20

The importance of ultrasonographic measurement
of peritoneal wall thickness in pediatric chronic
peritoneal dialysis patients

Onder Yavascan, Nejat Aksu, Caner Alparslan, Serdar Saritas, Cengiz Han
Elmas, Ali Nihat Eraslan, Soner Duman & Sevgi Mir

To cite this article: Onder Yavascan, Nejat Aksu, Caner Alparslan, Serdar Saritas, Cengiz Han
Elmas, Ali Nihat Eraslan, Soner Duman & Sevgi Mir (2015) The importance of ultrasonographic
measurement of peritoneal wall thickness in pediatric chronic peritoneal dialysis patients,
Renal Failure, 37:3, 381-386, DOI: 10.3109/0886022X.2014.1001280

To link to this article: https://doi.org/10.3109/0886022X.2014.1001280

ﬁ Published online: 16 Jan 2015.

\]
CJ/ Submit your article to this journal &

||I| Article views: 686

A
& View related articles &'

@ View Crossmark data ('

CrossMark

Eal Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=irnf20


https://informahealthcare.com/action/journalInformation?journalCode=irnf20
https://informahealthcare.com/journals/irnf20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/0886022X.2014.1001280
https://doi.org/10.3109/0886022X.2014.1001280
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2014.1001280?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2014.1001280?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/0886022X.2014.1001280&domain=pdf&date_stamp=16 Jan 2015
http://crossmark.crossref.org/dialog/?doi=10.3109/0886022X.2014.1001280&domain=pdf&date_stamp=16 Jan 2015
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2014.1001280?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2014.1001280?src=pdf

http://informahealthcare.com/rnf
ISSN: 0886-022X (print), 1525-6049 (electronic)

RENAL

FAILURE informa

Ren Fail, 2015; 37(3): 381-386
healthcare

© 2015 Informa Healthcare USA, Inc. DOI: 10.3109/0886022X.2014.1001280

CLINICAL STUDY

The importance of ultrasonographic measurement of peritoneal
wall thickness in pediatric chronic peritoneal dialysis patients
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Abstract Keywords

Loss of peritoneal function due to peritoneal fibrosing syndrome (PFS) is a major factor leading
to treatment failure in chronic peritoneal dialysis (PD) patients. Although the precise biologic
mechanisms responsible for these changes have not been defined, the general assumption is
that alterations in peritoneal function are related to structural changes in the peritoneal
membrane. Studies of the peritoneal membrane by non-invasive ultrasonography (US) in
chronic PD patients are limited. The aim of the present study is to assess the relationship
between functional parameters of peritoneum and peritoneal thickness measured by US in
children treated by chronic PD. We recruited two groups of patients: 23 subjects (13 females, 10
males) on chronic PD (patient group) and 26 (7 females, 19 males) on predialysis out-patient
follow-up (creatinine clearance: 20-60 mL/min/1.73m? (control group). Age, sex, weight,
height, body mass index (BMI), chronic PD duration, episodes of peritonitis and the results of
peritoneal equilibration test (PET) were recorded. Hemoglobin (Hb), blood pressure (BP), left
ventricular mass index (LVMI) and renal osteodystrophy (ROD) parameters were also obtained.
The thickness of the parietal peritoneum was measured by trans-abdominal US in all children.
Statistical analyses were performed by using Student’s t and Pearson’s correlation tests. Mean
peritoneal thickness in chronic PD patients (1028.26 + 157.26 um) was significantly higher than
control patients (786.52 +132.33). Mean peritoneal thickness was significantly correlated with
mean body height (R>=0.93, p <0.05), BMI (R*> = 0.25, p<0.05), chronic PD duration (R> =0.64,
p<0.05), episodes of peritonitis (R*=0.93, p <0.05), D/P¢reatinine (R>=0.76, p<0.05) and D4/
DOgjucose (R?=0.81, p<0.05). No correlation was found between peritoneal thickness and Hb,
BP, LVMI and ROD parameters. In conclusion, ultrasonographic measurement of peritoneal
membrane thickness is a simple and non-invasive method in chronic PD children. This
diagnostic tool likely enables to assess peritoneal structure and function in these patients.
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Introduction

Peritoneal dialysis (PD) is the preferred renal replacement termination of PD.

(61%) in peritoneal biopsy specimens in patients after the

treatment in children with end-stage renal disease (ESRD).'
However, interstitial fibrosis and hyalinization of vessels of
peritoneal membrane due to ultrafiltration failure and solute
transport problems have resulted in the need for termination
of PD over time. In USA, more than half of the chronic PD
patients experienced peritoneal membrane failure due to
peritoneal fibrosing syndrome (PFS) after a 5-year of PD
treatment period.l In addition, drop out from PD due to PFS
was reported 16% within the first two years of PD treatment.*
On the other hand, Williams et al.? showed high rates of PFS
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Although the definitive diagnosis of PFS can be made by
peritoneal biopsy, ethical issues, difficulty of the process and
insufficient knowledge of PFS are the major obstacles
for routine clinical application of peritoneal membrane
biopsy.*”~'® Measurement of cytokines levels which are
responsible in PFS progression can be an alternative diagnostic
tool. However, there is no consensus on the time and the
frequency of cytokines monitoring in the diagnosis of PFS. It is
also unclear whether monitoring these cytokines is helpful."!
The measurement of peritoneal membrane permeability is of
utmost importance to determine the ultrafiltration failure and
solute transport problems resulting from interstitial fibrosis
and hyalinization of peritoneal membrane vessels. However,
the measurement of peritoneal membrane permeability shows
only the instant peritoneal status, not the progression.'*™'*
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On the other hand, because it is a non-invasive technique and
easy to perform, peritoneal membrane thickness measurements
by ultrasonography (US) can be an alternative method to
determine PFS. To date, there is limited data regarding the
measurement of peritoneal membrane thickness for predicting
the PFS and, hence, peritoneal membrane dysfunction in
children on chronic PD.">™" Periodic monitoring of changes in
peritoneal membrane thickness assessed by US will make the
patient management less likely that treatment complications,
during the follow-up, will occur.

The aim of this study was to determine the value of
ultrasonographic measurement of peritoneal membrane thick-
ness for the diagnosis of PFS in pediatric chronic PD patients.

Materials and methods
Population

This single-center, cross-sectional study was conducted on
23 children (13 females, 10 males) (study group) with ESRD
treated by chronic PD, at the Department of Pediatric
Nephrology, Izmir Tepecik Training and Research Hospital,
Turkey. The control group consisted of 26 (19 males, 7 females)
age and sex matched the chronic kidney disease patients with a
creatinine clearance (CrCl) of 20-60 mL/min/1.73 m?> who
were under follow-up at the out-patient clinic of our unit.

Age, gender, height and weight were recorded for each
patient. The body mass index (BMI) was also calculated. Body
height (H) and weight (W) were expressed as HZ score
(=observed height — median height/standard deviation) and
WZ score (=observed weight — median weight/standard devi-
ation), respectively. Blood pressure and left ventricular mass
index (LVMI) values as well as serum hemoglobin, albumin,
calcium, phosphorus, calcium—phosphorus product and para-
thyroid hormone (PTH) levels were also obtained. These
parameters were also used as markers of dialysis adequacy in
PD patient group. In chronic PD patient group; residual renal
function, weekly CrCl, K#/V values, peritoneal equilibrium test
(PET) scores and peritonitis frequency as well as underlying
etiology, diagnosis age, dialysis duration, type of PD and PD
prescription were also recorded. Peritoneal membrane thick-
ness measurement was done in both the study group and
controls.

Peritoneal membrane thickness measurement

All measurements were taken using a 13-5MHz linear
transducer (high-resolution probe) and a Siemens Antares
(Siemens AG, Erlangen, Germany) US unit. The ultrasono-
graphic measurements were obtained on each of the abdominal
quadrants while the patient was in the supine position. The
probe was held perpendicular to both the midclavicular line
and the body surface. Measurement of the parietal peritoneum,
defined as the inner hyperechogenic line surrounding the
abdominal cavity, was obtained on each abdominal quadrant in
each patient at the level of the midclavicular longitudinal line
(Figure 1). The mean of the four measurements was calculated
for each patient. In cases where the peritoneal thickness in one
of the lower quadrants could not be obtained because of the
presence of the peritoneal catheter, the mean of the remaining
three values was calculated. Peritoneal membrane thickness
was expressed in microns.

Ren Fail, 2015; 37(3): 381-386

Statistics

Statistical analyses were made by using IBM SPSS 16.0
software (SPSS, Chicago, IL). The mean differences between
groups were compared using the ANOVA and Student’s
t-tests. Correlations between data sets were evaluated using
Pearson’s correlation test. Effectors of peritoneal membrane
thickness were tested by multiple regression analyses.
Pearson’s correlation coefficient and descriptive coefficient
were given as a ‘7’ and ‘R, respectively. Results were
expressed as the mean + SD. A p value of less than 0.05 was
considered to be significant.

Results

Underlying diseases of the patients are given in Table 1.
Urological problems (vesicoureteral reflux, chronic pyelo-
nephritis, obstructive uropathy and neurogenic bladder) were
by far the most common pathologies (65.4%) in the study
group. Demographic and physical features of the patients are
shown in Table 2. There were no significant differences
between study group and controls with respect to age, gender,
growth and disease duration (p>0.05). The LVMI and PTH
levels were higher in PD group than in control group
(»p<0.05) whereas hemoglobin and albumin levels were
significantly higher in controls (p <0.05). Peritoneal wall
thickness was found to be higher in PD group (p=0.01)
(Figure 2). Peritoneal membrane thickness was significantly

Figure 1. Ultrasonographic apperance of the peritoneal wall (0.7 mm)
(white arrow).

Table 1. Underlying diseases of the patients.

Study Control Total
Etiology group n (%)  group n (%) n (%)
Vesicoureteral reflux 7 (14.3) 7 (14.3) 14 (28.6)
Primary glomerulonephritis 6 (12.2) 3(6.2) 9 (18.4)
Obstructive uropathy 2 (4.1) 7 (14.3) 9 (18.4)
Chronic pyelonephritis 4 (8.2) 12 5 (10.2)
Neurogenic bladder 1(2) 3(6.2) 4 (8.2)
Polycystic kidney disease 0 (0) 2 (4) 241
Alport syndrome 1) 0 (0) 2 4.1
IgA nephropathy 1) 0 (0) 1 2.0
Bartter syndrome 1) 0 (0) 12.0)
Unknown 0 (0) 24 2 (4.0)
Total 23 (46.9) 26 (53.1) 49 (100)
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correlated with patient height (PD group R*=0.939, controls
R*=0.965) (Figure 3A) and BMI (PD group R*=0.252,
controls R? = 0.206) (Figure 3B). Peritoneal thickness showed
a positive linear correlation with dialysis duration (R* = 0.644)
(Figure 4A), D/Pcieatinine (R2 =0.764) (Figure 4B) and peri-
tonitis frequency (R*=0.933) (Figure 4C) whereas negative
linear correlation with D4/D0gucose (R2 =0.819) (Figure 4D).
No correlation was found with K#/V (R*=0.0003), LVMI
(R*=0.025), blood pressure (systolic R*>=0.01, diastolic
R? =0.022), hemoglobin concentration (R2: 0.064), CaxP
product (R*=0.028) and PTH (R* = 0.069) levels.

Discussion

It is well known that clinical, biochemical and Kkinetic
parameters have been used to evaluate peritoneal dialysis
adequacy in PD patients. However, these parameters alone are
not enough to determine PD efficiency. On the other hand, the
assessment of peritoneal membrane morphology by biopsy is
another marker in evaluating PD adequacy, peritoneal biopsy
is an invasive method and difficult to harvest it repeatedly.
Therefore, ultrasonographic measurement of peritoneal mem-
brane thickness seems logical and reasonable, because it is
easy to perform as well as a non-invasive and a repeatable
tool. This approach could be an alternate method for the
detection of peritoneal anatomy, allowing us to predict the
functional properties of peritoneal membrane in PD patients.
We believe that, ultrasonographic evaluation of peritoneal
membrane in conjunction with other PD adequacy markers
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would have favorable effects on optimizing the PD prescrip-
tion, patient outcome and also minimize treatment drop-out.

Morphologically and functionally stable peritoneal mem-
brane is mandatory for longevity and adequacy of PD. It has
been reported that membrane failure is the most important
reason for PD drop-out.”® Longer exposure of non-biocom-
patible dialysis solutions and frequent peritonitis episodes are
the major causes of functional deterioration of the peritoneal
membrane.>'*?'"2* Loss of peritoneal membrane function
yields a close relationship with the degree of mesothelial
degeneration, submesothelial thickness, fibrosis and sclerosis
in peritoneal membrane.”** In their biopsy-specimen-based
study, Williams et al.”> found an increased peritoneal mem-
brane in PD patients. They suggested that peritoneal biopsy is
a gold standard method for assessment of peritoneal mem-
brane morphology. However, it has also been reported that
this invasive method is not suitable for routine clinical
assessment.'>~'? Tt has been reported that ultrasonographic
determination of peritoneal wall thickness was a simple, non-
invasive and repeatable technique to measure peritoneal
changes."™'” The implementation of sonographic peritoneal
measurement together with PD adequacy tests provides useful
information about peritoneal membrane function and morph-
ology.">'"""” We believe that ultrasonographic imaging of
peritoneum is a powerful technique to predict peritoneal
function and it should be part of the routine assessment of PD
patients.

There is a strong relationship between functional deteri-
oration of the peritoneal membrane and PD duration. It has

Table 2. Demographic, physical and laboratory features of the patients.

PD group Control group p

Patient number (n) (%) 23 (46.9) 26 (53.1) 0.10
Gender (F/M) (n) 13/10 7/19 0.06
Age (year) 12.4+4.70 12.1+4.44 0.80
Peritoneal wall thickness (um) (mean =+ SD) 1028.26 + 157.26 786.52 + 132.33 0.01
Anthropometric measurements (mean + SD)

Body mass index (kg/mz) 17+2 17+3 0.86

Weight SD —1.62+1.31 —-1.74+1.22 0.26

Height SD —2.42+1.88 —1.81+1.55 0.33
Dialysis duration (month), (mean + SD) 34.61 +£27.78 - -
Disease duration (month), (mean + SD) 46.43 +30.62 44.85+21+58 0.07
Dialysis adequacy (mean + SD)

CrCI* 37.0+15.6" 33.4+28.1° -

Kt'v 2.96 +0.94 - -

D/Ceatinine 0.81+0.74 - -

D4/D0G]ucose 0.40+0.15 — -

Episodes of peritonitis (1 attack/patient month) 1/23.5 - -
CVS assessment (mean + SD)

LVMI (g/m>7) 46.23 +13.78 30.04 + 6.06 0.01

Systolic blood pressure (mm/Hg) 115+ 15 112+ 14 0.23

Diastolic blood pressure (mm/Hg) 73+ 14 70+ 12 0.36

Patient with hypertension (n) (%) 5(21.7) 7 (26.9) 0.08

Hemoglobin (g/dL) (mean + SD) 9.4+1.86 11.3+1.76 0.01

Albumin (g/dL) (mean + SD) 3.4+048 4.2 +0.56 0.01
ROD indexes

PTH (ng/mL) (median) 233 113 0.01

Ca x P (mg*dL? (mean + SD) 51+13 49+8 0.48

Notes: Bold lines are statistically significant. SD: standard deviation, CrCl: creatinine clearance, K#/V: dialysis adequacy index, D/
P..: dialysate creatinine/plasma creatinine at 4th hour, D4/DOgjycose: 4th hour dialysate glucose/Oth dialysate glucose, CVS:
cardiovascular system, LVMI: left ventricular mass index, ROD: renal osteodystrophy, PTH: parathyroid hormone, Ca: calcium,

P: phosphorus.
“No statistical analyses were made.
°L/week/1.73 m?.
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Figure 2. Peritoneal wall thickness in PD
patients and controls (p =0.01).
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Figure 3. The relationship between peritoneal wall thickness and body height (A) and body mass index (B).

been reported that morphological changes in peritoneal
membrane were associated with time on PD treat-
ment.'%?"? Several studies showed a positive correlation
between PD duration and peritoneal wall thickness.'>'"~'? In
our study, peritoneal membrane thickness increased signifi-
cantly (R*=0.644, Figure 4) with the duration of PD
treatment. This finding supports that peritoneal membrane
thickening increases with length of time on PD, which reflects
the peritoneal functional changes.

Peritoneal equilibrium test studies have been applied to
manipulate dialysis prescriptions in chronic PD patients.'**>
In our series, we also compared peritoneal membrane
thickness measured by US with PET results. Lee et al'®

showed an association between peritoneal wall thickness and
D/Peatinine- Similarly, Duman et al'” observed a positive
correlation between peritoneal wall thickness and D/P eatinine,
whereas a negative correlation with D4/DOgjycose. In subse-
quent years, other published reports of peritoneal thickness by
ultrasonography supported these findings.'®'® In agreement
with those findings, in our study, peritoneal membrane
thickness showed a positive correlation with D/Pcieaginine
(R*=0.764, Figure 4B) and negative correlation with D4/
DO0Gucose (RZ=0.819, Figure 4D). These results support that
serial measurement of peritoneal wall thickness by US could
reflect the sequential changes in peritoneal membrane struc-
ture and hence, PD adequacy. On the other hand, our patients
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were attained the Kz/V targets (mean: 2.96 +0.94) recom-
mended by the 2006 K/DOQI work group.® However, we
did not find any significant relationship between peritoneal
wall thickness and K#/V values. A possible explanation for
this reason might be the smaller number of patients in our
series.

Peritonitis is an important and feared complication of PD
leading to accelerated peritoneal fibrosis process due to acute
inflammation and locally releasing cytokines (e.g., trans-
forming growth factor, fibroblast growth factor),>”-%13-17.27.28
Previous studies have found no significant association
between peritoneal wall thickness by US and peritonitis
frequency.15 17719 On the contrary, however, we found for the
first time, a positive correlation between peritoneal thickness
and episode of peritonitis (R*=0.933, Figure 4C).

We also examined the relationship between clinical and
laboratory parameters with peritoneal membrane thickness in
our patients. In the analysis of the association between clinical
and laboratory parameters with peritoneal thickness by US,
only the anthropometric indices (weight, height and BMI)
showed significant association with peritoneal thickness.

Our study has certain limitations, such as the low number
of patients and the cross-sectional, single-center design,

which limits the generalizability of the findings. Also, the
lack of long-term and sequential measurements of peritoneal
membrane thickness in our series raises the question of
whether peritoneal thickness by US allows us to determine
peritoneal function and PD survival. Finally, we were not able
to perform peritoneal membrane biopsy; an ultrasound-
pathology correlation study would be useful to show the
predictive value of peritoneal membrane thickness by US for
peritoneal membrane function.

In conclusion, peritoneal membrane fibrosis is unavoidable
in long-term PD patients. Ultrasonographic measurement of
peritoneal membrane thickness is a simple and non-invasive
method in chronic PD patients. This diagnostic tool likely
enables to assess peritoneal membrane structure and function
in these patients. Therefore, early evaluation of peritoneal
membrane characteristics by means of US can improve
patient outcomes.
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