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ABSTRACT 

Intraperitoneal pressure (IPP) is gaining consideration as a relevant parameter of peritoneal 

dialysis in adults, although many of its aspects are still pending clarification. We address here its 

stability over time and the validity of the usual method of clinical measurement, proposed by 

Durand in 1992 but never specifically validated. We performed this validation by comparing 

Durand's method and direct measurements with a central venous pressure system. We 

performed a total of 250 measurement pairs in 50 patients with different intraperitoneal 

volumes, plus in-vitro measurements with a simulated peritoneum. Absolute differences 

between the two systems in vivo were 0.87±0.91cmH2O (range 0-5cmH2O); only 6.4% of them 

were ≥3cmH2O. In vitro results for both methods were identical. We also compared IPP 

measurements in the same patient separated by 1-4 hours (514 measurement pairs in 136 

patients), 1 week (92 pairs in 92 patients) and 2 years (34 pairs in 17 patients). Net differences 

of measurements separated by hours or 1 week were close to 0 cmH2O, with oscillations of 

1.5cmH2O in hours and 2.3cmH2O in 1 week. IPP measured 2 years apart presented a net 

decrease of 2.5±4.9cmH2O, without correlation with BMI changes or any other usual parameter 

of PD. In hours 7% of IPP differences were >3cmH2O, in 1 week 22% and 50% in 2 years. In 

conclusion, Durand’s method is precise enough to measure IPP in peritoneal dialysis. This 

parameter is not stable over long timescales, so it is necessary to use recent measurements. 

Keywords: Intraperitoneal pressure; Durand’s method; stability; peritoneal dialysis. 

 

INTRODUCTION 

Intraperitoneal pressure (IPP) is not considered relevant for the management of PD, although 

many studies highlight its importance (1,2). One of its main effects is to counteract ultrafiltration 

(UF) (1,3). Normal IPP with 2L intraperitoneal volume (IPV), averages of 8 to 19cmH2O with an 

interpatient range of 4 to 28cmH2O (4–6), and under typical clinical conditions, a 3cmH2O 
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decrease in IPP increases UF in a clinically significant way, both with 2.27% glucose and, to a 

lesser extent, with 3.86%. (6,7). 

In PD, we usually measure IPP using Durand’s method (8), which is assumed to be accurate 

despite lacking an opening to equilibrate with atmospheric pressure (8,9). This method showed 

no difference with the indirect measurement of intra-abdominal pressure through an 

intravesical catheter (10), but has never been systematically validated with an intraperitoneal 

system open to the atmosphere. On the other hand, the design of the experiments on IPP seems 

to assume its stability over time in each patient (5,7,11), but no study confirms this. Here we 

compare Durand’s method with direct measurement of IPP, and we study IPP changes over time. 

METHODS 

We carried our study in adult PD patients from 6 hospitals, stable for the previous 2 months (no 

infections or hemodynamic or hepatic dysfunction), without other exclusion criteria. 

To validate Durand’s method, we performed two types of experiments, in vivo and in vitro. 

In vivo: In 50 adult PD patients (Supplementary Material, Table S1) we measured IPP during PD 

exchanges. Immediately before every drainage and after every infusion required for the 

procedure, we measured IPP by Durand's method and, immediately after, by direct 

measurement. In this way we recorded 250 pairs of IPP measurements, 239 of them associated 

with their IPV (volume immediately drained or infused (0-3230mL, 1488±873mL, mean±SD)). We 

studied differences between the results of both methods, their relationship with IPV, IPP, time 

on PD, sex, age and anthropometric parameters, and recorded nurses’ comments. 

IPP measurements were performed with the patient in relaxed supine position. For Durand’s 

method, we connected a twin-bag to the PD catheter, raised the empty drainage bag, opened 

the peritoneal communication, and measured the height of the liquid column with respect to 

the midaxillary-line (average height during a normal respiratory oscillation). For the direct 

method, we connected a central venous system (CVP) to a three-way connector located 

between the peritoneal catheter and the PD bag. After checking respiratory oscillation, we 

recorded the intermediate height of a normal excursion from the midaxillary-line. We did not 

consider digestive (fasting, constipation) or bladder filling. The procedure was always performed 

by an expert PD nurse. 

In vitro: We used a simulated peritoneal cavity (as the ones used for patient training), and we 

measured IPP by Durand and CVP. To achieve different pressures, we filled the cavity with 

different volumes (500-2000mL), put weight on it and changed its height. 7 tests were 

performed with different glucose concentrations of Physioneal (Baxter) and BicaVera 
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(Fresenius), and with icodextrin (Extraneal, Baxter). In each test, 7-10 pairs of measurements 

were made with different conditions. 

To study stability over time we compared IPP measurements in the same patient, separated by 

1 to 4 hours, one week or 2 years. The measurements were retrospectively collected from our 

studies of UF in unselected adult PD patients (6,7) (Supplementary Material, Table S1). We only 

collected IPP measurements with empty abdomen after thorough drainage and using CVP, as 

described above. The number of patients and measurement pairs in each period are detailed in 

Table 1(a). We analyzed the differences and their correlation with IPP, age, sex, time on PD and 

anthropometric measurements. 

These studies were approved by the Ethics Committee of Clinical Investigation of our hospitals 

and all patients provided their written informed consent to participate.  

RESULTS 

Validation of Durand's method, in vivo: In vivo measurements using CVP (10.87±3.57cmH2O) 

and Durand (10.51±3.65 cmH2O) were different (p=0.0000 paired t-test) but very close, with CVP 

reporting 0.36±1.21cmH2O (-5 to 4.5cmH2O) more than Durand. Absolute differences between 

the two methods were 0.87±0.91cmH2O (0-5cmH2O). Both methods correlated well (r=0.9443, 

p=1x10-121) (Figure 1(a)). The difference did not correlate with any combination of weight and 

height, or with IPP, IPV, sex, age or time in PD. Differences between measurements were 

<0.5cmH2O for 58%, <1cmH2O for 77%, and greater than 2 and 3cmH2O for 13% and 6.4% 

respectively. There were no complications or contamination during or after the procedure. In 

nurses’ opinion, CVP was more reliable, while Durand was simpler. When results were 

discordant, retest was advantageous for CVP. Catheter malfunction decreased Durand 

reliability. 

Validation of Durand's method, in vitro: Both methods gave identical measurements. With 

Durand's method, liquid column stabilization took 1 minute; with CVP, it was immediate. 

IPP stability over time: Table 1(a) and Figure 1(b) show averages and ranges of the IPP 

differences (or net differences) and of the absolute value of the IPP differences (or absolute 

differences). We found no significant net differences in IPP for any time point up to one week 

(p>0.2, bootstrap test), but after 2 years IPP was lower on average (Figure 1(b), p=0.033, 

bootstrap test, see Supplementary Material, Methods II). These differences did not have 

relationship with age, gender, time in PD and anthropometric parameters including changes in 

body mass index (BMI) (r=-0.022, p=0.782). 

The proportion of patients that showed large absolute IPP differences also increased over time. 

7% of patients showed an absolute difference >3cmH2O after 4 hours, compared to 22% after 
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one week and 50% after 2 years (Table 1(b)). This increase in proportion of large differences was 

significant (p<0.05 between 2 years and 1 week, p<0.001 for all other comparisons, Fisher’s 

exact test). While the 3cmH2O threshold is rather arbitrary, the same trend is observed using 

any other threshold (Table 1(b)). 

In order to check that the large IPP differences observed in some patients after one week and, 

especially, after 2 years, were real and not due to measurement error, we repeated the analysis 

using daily averages instead of single measurements. The results were similar, indicating that 

measurement error was responsible only for a small part of the observed differences 

(Supplementary Material, Table S2). 

DISCUSSION 

In clinical practice, we traditionally measure IPP using Durand’s method, assuming it is 

equivalent to a direct measurement using an open system equilibrated with atmospheric 

pressure(8) or a pressure monitor placed between the catheter and the PD-line(9). In 2011 Al-

Hwiesh confirmed the equivalence of Durand’s method with indirect measurement of intra-

abdominal pressure through an intravesical catheter(10), and we demonstrate here its 

equivalence with the IPP measurement through an open system: We find a small mean absolute 

difference between both methods (0.87±0.91cmH2O), with only 13% and 6.4% of the 

measurements reaching a difference higher than 2 and 3cmH2O, below the minimum needed to 

produce relevant effects in routine PD exchanges(1,6). In vitro experiences showed 100% equal 

results for Durand’s method and the CVP system, but the liquid column usually took about one 

minute to stabilize for Durand’s method. This lag could be partially responsible for the in vivo 

  

Figure 1.- (a) Correlation of intraperitoneal pressure (IPP) measurements using central venous pressure 
(CVP) system and Durand's method. (b) Net (solid line) and absolute (dashed line) differences of IPP 
measurements with empty abdomen along time (mean and standard deviation in cmH2O). The net 
differences after hours or 1 week are not significantly different of 0 (p>0.2) but differences with 2 years 
are (* p=0.033) and decrease 2.5 cmH2O. 
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differences between Durand’s and CVP methods: nurses worked without knowing the in vitro 

results and did not wait as long as a minute. The near-equivalence between the two methods 

and the simplicity of Durand’s make it the method of choice, especially for routine 

measurements (9). 

Regarding stability over time, little is known; it has been studied during the first 12-15 days after 

catheter insertion, finding that IPP in adults and children is higher in the first 2-3 days -perhaps 

due to pain- and drops afterwards to a level that remain stable despite increasing the IPV(12,13). 

From the design and interpretation of the published experiments it seems to be assumed that 

IPP is considered a stable parameter (4,5,7,11,14), but no one has confirmed it. In our 

experiment, the net difference is not significantly different from 0 in hours and 1 week, and it 

decreases by 2.5cmH2O in 2 years (Table 1(a)). In hours and 1 week, the distribution of the results 

appears symmetrical (Supplemental Material, Figure S1), suggesting a variation around a central 

value (Table 1(a) and Figure 1(b)). We interpret these hourly differences as the reflection of 

methodological or biological variations (such as changes in muscular or emotional tension); in a 

week the influence of a different digestive (fasting, constipation) or bladder filling is added, 

which contributes to the IPV and which is generally not taken into account when measuring the 

IPP. Perhaps it should be considered and even try to maintain constant during the few hours of 

an exchange or test by replacing losses orally. The 2-year variations are broader and do not 

appear as a variation around a central value but show a statistically significant downward shift 

(bootstrap) (Supplementary Material, Figure S1). No relationship with any studied factor was 

found, including BMI changes. A study found a negative correlation between IPP and time in PD 

(5), but many others have not (2,6,7,11,15,16). Note that in our patients the initial measurement 

was made when they had been on PD for 22 months and the final measurement was made at 

46 months. 

We have seen in these same patients and experiments that the decrease in IPP by about 3cmH2O 

by decreasing IPV by 1L, significantly increases UF(6,7); we therefore arbitrarily have taken the 

figure of 3cmH2O as the clinically acceptable limit of variation. With this criterion, despite the 

fact that with hours and weeks the net variation is not different from 0 cmH2O, 7% exceed that 

limit in hours, 22% in 1 week (chi-square p=0.0000), and the proportion rises to 50% in 2 years 

(p=0.0000) (Table 1(b)). In hours, we only find episodically differences exceeding 6cmH2O, but 

in 1 week and, especially in 2 years, these differences are more frequent (Supplementary 

Material, Figure S2). The extreme differences (>9cmH2O) are also more frequent as time passes, 

and we have not found any motivation for them. They do not appear to be experimental errors, 
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as we observe similar differences when we repeat the analysis using daily averages instead of 

individual measurements (Table S2). In the 2-year period, the frequency, magnitude, and 

statistical significance of the differences found rule out the stability of the IPP over long periods. 

These results are based on only 17 cases, and a larger study should confirm our conclusions. 

So, we see that the measurement of IPP at different times presents spontaneous variations of 

an amplitude that could have clinically significant effect on UF (17). Monitoring IPP may help 

personalize each patient’s treatment to optimize their UF. In any case, our results indicate that 

decisions based on the IPP must refer to recent measurements of it.  

In conclusion, we confirm the validity of Durand's method to measure IPP (small differences with 

CVP), but our in vitro data and the slightly higher results by CVP in vivo suggest that 1 minute is 

needed for total stabilization of the liquid column when using Durand. However, the small 

magnitude of the differences makes them negligible in clinical practice. In general, the IPP 

remains stable within hours, but the variations found when measuring it after 2 years and even 

to a lesser degree after 1 week, do not allow it to be considered a stable parameter in each 

patient over time. 
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Table 1.- Net and absolute differences in void intraperitoneal pressure (IPP) measurements after 1 - 4 hours, 1 week and 2 years 

(a)     Net and Absolute differences of IPP (cmH2O) (b)    Percentage of measurements with IPP absolute  
Net Differences Absolute Differences            differences greater than each value (cmH2O) 

    Period  n=  pts / meas     m  ±  SD   (Min -  Max)     m ±  SD (Min-Max)     Period 1 cmH2O 2 3 4 6 8 
    1 hour  n=   56 / 107    0.7 ± 1.8 (  -4.0 - 11.0)    1.4 ± 1.5 (0  - 11.0)   1 hour 43% 14% 5% 4% 2% 2% 
    2 hours n=   41 /   81   -0.1 ± 0.9 (  -6.0 -   6.0)    1.6 ± 1.0 (0  -   6.0)   2 hours 68% 20% 5% 2% 0% 0% 
    3 hours n=   56 / 104   -0.4 ± 1.2 (  -7.5 -   4.0)    1.0 ± 1.0 (0  -   7.5)   3 hours 32% 9% 2% 2% 0% 0% 
    4 hours n= 135 / 222   -0.2 ± 2.0 (  -9.0 - 10.0)    1.6 ± 1.4 (0  - 10.0)   4 hours 56% 28% 7% 3% 2% 1% 
1-4 hours n= 136 / 514   -0.2 ± 1.6 (  -9.0 - 11.0)    1.5 ± 1.1 (0  - 11.0) 1-4 hours 59% 19% 7% 2% 2% 0% 
    1week  n=   92 /    92   -0.4 ± 3.1 (  -9.0 -   7.5)    2.3 ± 2.2 (0  -   9.0)   1 week 57% 34% 22% 17% 7% 1% 
    2 years n=   17 /    34   -2.5 ± 4.9 (-12.5 -  7.5)    4.2 ± 3.6 (0  - 12.5)   2 years 74% 59% 50% 44% 26% 15% 
pts = patients.   meas = measurements.  m = mean.    SD = Standard deviation. 
Only net differences after 2 years are different of 0 (p=0.033, bootstrap test) 

 

Table 1: Net (considering the sign) and absolute differences (regardless of the sign) between intraperitoneal pressures (IPP) with empty abdomen recorded 
in 81 to 514 pairs of measurements in 41 to 136 patients with a difference of hours (1 to 4) and a week, and differences of 34 pairs of measurements of IPP 
with empty abdomen recorded in 17 patients with a difference of two years. (a) Mean difference, standard deviation, and range in cmH2O, and number of 
pairs of measurements and patients. (b) Percentage of pairs of measurements whose absolute difference in cmH2O exceeded the value indicated in the 
heading of each column.
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SUPPLEMENTARY MATERIAL 

 

1.- Supplementary Methods I: Origin of measurements and patient characteristics.  

To study the stability of IPP over time, we have retrospectively compiled the measures of IPP 

collected in two controlled experiments that analyze the effects of IPP on UF in PD (1,2). These 

experiments were carried out two years apart, in adult patients from 6 hospitals. Both studies 

included IPP measurements in strict decubitus at various times of PD exchanges, with empty and 

full abdomen with different volumes, through a central venous system (CVP) as described in the 

text.  Table S1 shows the origin of the patients for each experiment or period studied and their 

characteristics (range or mean ± SD). Our first study (1) included 42 patients from 3 of our 6 

hospitals, and IPP was measured up to 9 times (3 with empty abdomen) along 2 consecutive PD 

exchanges of 2 hours. From this study we obtain measurements 2 and 4 hours apart. The second 

study (2) included 96 patients from our 6 hospitals, and IPP was recorded up to 8 times (3 with 

empty abdomen) in each of 2 4h Peritoneal Equilibration Test (PET) exchanges separated by one 

week. From this study we obtain measurements 1, 3 and 4 hours and 1 week apart. 17 patients 

were common to the two studies, so we have all these measurements 2 years apart. Table S1 

also shows the characteristics of the 50 patients from the comparative study of the 

measurement of IPP by Durand’s and by the direct system open to the atmosphere CVP. 

Table S1.- Origin and characteristics of the patients in each experiment or study period. 

         Patients and Hospital of origin (M/F) (years) (kg) (kg/m2) (months) 

IPP comparations TOTAL H1 H2 H3 H4 H5 H6 Sex Age Weight BMI Time in PD 

Durand vs open IPP 50 16  0  0  8 18 8 36/14 25-89 68+15 25.3+4.4 22+27 

2 and 4 hours 42  7 21 14  0  0 0 30/12 37-81 75+14 27.1+4.5 27+33 

1, 3 and 4 h, 1 week 96 18 36  6 11 19 6 66/30 25-89 72+14 26.4+4.2 17+13 

2 years 17  4 10  3  0  0 0 14/  3 40-83 74+11 26.2+4.2 46+22 
H1 Hospital Clínico Universitario de Valladolid. H2: Hospital Universitario Rio Hortega, Valladolid. H3: Complejo Asistencial  Universitario de. 

Palencia. H4: Complejo Asistencial de Segovia. H5: Complejo Asistencial de Avila. H6: Complejo Asistencial Universitario de Burgos, all in Spain.  
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2.- Supplementary Methods II: Statistical analysis using bootstrap. 

To determine whether net IPP differences had non-zero mean, we used bootstrap: Given a set 

of differences, we first computed their mean. We then assigned a random sign to each sample, 

in the set, and recomputed the mean. We repeated this procedure 10000 times, obtaining 10000 

means from the bootstrapped samples. We then computed the p-value as the proportion of 

these bootstrap means whose absolute value is greater than the true mean of the sample.  

For the case of the 2-year comparison, we had 17 patients and three measurements per patient: 

(1) Initial one, (2) two years later, and (3) two years plus one week later. From these 

measurements we computed 34 differences (second measurement minus first measurement, 

and third measurement minus first measurement). However, these 34 differences are not 
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independent, since they all share the first measurement. To control for this lack of 

independence, we performed the bootstrap randomizations by patient instead of by 

measurement (i.e. the signs of the two measurements of each patient were linked, and always 

changed simultaneously in each bootstrap randomization). 

We used bootstrap because it does not require the data to follow a normal distribution and 

facilitates the handling of non-independent data. However, as a double check we also performed 

the same comparisons using a standard t-test. We found the same qualitative results in all cases. 
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3.- Table S2 (a) and (b): Net and absolute IPP differences are not different if we calculate them only from the first measure (s) of IPP or from the average (m) 

of all the measures of each exchange of that period of time. 

  

Table S2.-   Comparison of results obtained from the first IPP measurement of each exchange (s) with that obtained from 

                         the mean (m) of all measurements of each exchange, 1 week and 2 years apart.    

(a)    Net and absolute differences of IPP (cmH2O). (b)     Percentage of measures with IPP absolute differences 

    Net IPP Difference Absolute IPP Difference           greater than each value (cmH2O).   

   X  ± DS  (Min -  Max)   X  ± DS  (Min -  Max)   1 cmH2O 2 3 4 6 8 

1 week (s) -0.4 ± 3.1 (  -9.0 - 7.5)     2.3 ± 2.2 (0 -  9.0)    1 week (s) 57% 34% 22% 17% 7% 1% 

1 week (m) -0.3 ± 2.9 (-11.0 - 5.7)     2.2 ± 1.9 (0 - 11.0)    1 week (m) 63% 40% 23% 15% 2% 1% 

             

2 years (s) -2.5 ± 4.9 (-12.5 - 7.5)     4.2 ± 3.6 (0 - 12.5)    2 years (s) 74% 59% 50% 44% 26% 15% 

2 years (m) -1.9 ± 4.7 (-11.5 - 8.1)     3.8 ± 3.4 (0 - 11.5)    2 years (m) 71% 65% 47% 35% 18% 18% 

                             paired t test p>0.1 for all pairs                                        Chi-square or Fisher's p>0.1 for all pairs  
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4.- Figure S1: Distribution histograms of the differences in IPP in hours, 1 week and 2 years 

(each series has been proportionally modified to equal the total number of measurements and 

thus facilitate the visual comparison of the 3 figures). The +3 to -3 cmH2O area has been shaded 

to better appreciate how often cases exceed this arbitrary range of clinical significance in each 

period.  
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5.- Figure S2: Difference in IPP of all pairs of measurements made with hours (514 pairs), 1 

week (92 pairs) and 2 years (34 pairs) apart. The +3 to -3 cmH2O area has been shaded to 

differentiate the points that are inside and outside this arbitrary range. 

 

 

 

 

 


