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Abstract
Purpose Occult inguinal hernias (IH) predispose peritoneal dialysis (PD) patients to the symptomatic IH formation after 
starting PD, which may cause complications. We conducted a retrospective study to assess the benefit/risk profile of routine 
laparoscopic examination for occult IH (RLEOH) with a synchronous repair in patients receiving PD catheter placement.
Methods 432 patients were enrolled in this study. Patients with an internal hernia sac at all sizes were deemed to have 
occult IH. We retrospectively reviewed data including demographic characteristics and operative details. We also measured 
incidence rates of symptomatic IH, metachronous IH repair, and catheter survival over a follow-up period after starting PD.
Results These patients were classified into the RLEOH group (n = 365) and the non-RLEOH group (n = 67). The RLEOH 
group was subdivided into occult IH with a synchronous repair (n = 17; the subgroup A), no occult IH (n = 339; the subgroup 
B), and occult IH without a synchronous repair (n = 9; the subgroup C). The incidence rates of symptomatic IH developed 
after staring PD in subgroups A, B, and C were 0, 5.6, and 22.2%, respectively, whereas that in the non-RLEOH group was 
13.4%. The RLEOH group had a reduced hazard ratio for metachronous IH repair compared with the non-RLEOH group 
(HR = 0.426; 95% CI 0.195–0.930, p = 0.032). None of our patients suffered from herniorrhaphy-related complications.
Conclusion RLEOH with a synchronous repair during PD catheter insertion confers clinical benefits in reducing the risk of 
developing IH after starting PD and the need for a metachronous repair. This is a safe and reasonable approach.

Keywords Peritoneal dialysis catheter insertion · Laparoscopic examination · Occult inguinal hernia · Synchronous hernia 
repair

Introduction

Continuous ambulatory peritoneal dialysis (PD) has been 
increasingly used for renal replacement therapy in end-stage 
renal disease because it has several advantages over hemo-
dialysis such as ease of use and relatively low cost [1–3]. It 
is manually performed with injection of the dialysate into 
the peritoneal cavity via a trans-abdominal catheter 3–4 
times every day at home [2, 3]. However, the injection of the 
dialysate inevitably increases the intra-abdominal pressure 
which may contribute to hernia formation, particularly in 

patients with abdominal weakness or defects [3–5]. Hernias 
in patients on PD are clinically important because it may 
cause complications such as dialysate leakage, hernia incar-
ceration, strangulation, bowel obstruction, and peritonitis 
[4–8]. Hernia formation may lead to technique failure and 
conversion from PD to hemodialysis [1, 8, 9]. For these rea-
sons, the guidelines recommend that surgeon should detect 
and repair preexisting hernias in patients who have chosen 
PD as their dialysis modality [10]. Preexisting hernias in 
these patients can be repaired before or at the time of PD 
catheter insertion [4, 5, 11–14].

A high prevalence of inguinal hernias has been 
reported in patients before or undergoing PD [4–6, 11, 
12] and thus it is important to check preexisting hernias 
at this anatomic location before starting PD. Symptomatic 
inguinal hernias are relatively easy to identify, but the 
diagnosis of occult or asymptomatic inguinal hernias 
can be challenging even with pre-operative radiologic 
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assessments [15, 16]. Failure to detect occult inguinal 
hernias may lead to several complications after start-
ing PD [17–19] and the requirement of a metachronous 
repair. The application of laparoscopy for PD catheter 
insertion has recently increased [10, 20]. It has been sug-
gested that this technique allows the identification of 
occult inguinal hernias during PD catheter insertion [5, 
10]. However, no comparative study has been conducted 
to provide evidence of clinical benefits supporting this 
recommendation.

In this retrospective cohort study, we aimed to assess 
the benefit/risk profile of routine laparoscopic exami-
nation for occult inguinal hernia (RLEOH) with a syn-
chronous repair when possible in patients receiving PD 
catheter placement. We compared incidence rates of 
symptomatic hernia, metachronous hernia repair, and 
catheter survival over a follow-up period after starting 
PD between the RLEOH and non-RLEOH groups.

Methods

Patient population

This study was approved by the Institutional Review Board 
of Chang Gung Memorial Hospital, Taiwan and informed 
consent was waived for this retrospective study according to 
our institutional guideline. From January 2013 to October 
2019, patients initiated PD in Linkou Chang Gung Memo-
rial Hospital were identified and their data were extracted 
from the institution’s database. Patients with no previous 
record of symptomatic inguinal hernia were identified. 
Patients who had their PD catheter insertions in other hospi-
tals, an age ≤ 18-year-old or early withdraw from PD within 
3 months were excluded.

Definitions and data collection

Patients who received and did not receive routine examina-
tion for occult inguinal hernia on both anatomic sides dur-
ing laparoscopic PD catheter insertion were classified as 
the RLEOH and non-RLEOH group, respectively (Fig. 1). 
The choices for performing or not performing RLEOH were 

Fig. 1  Flowchart of patient dis-
position. PD peritoneal dialysis, 
RLEOH routine laparoscopic 
examination for occult inguinal 
hernia, Non-RLEOH no routine 
laparoscopic examination for 
occult inguinal hernia



1319Hernia (2021) 25:1317–1324 

1 3

based upon surgeons’ decisions. Synchronous hernia repairs 
were performed in patients in the RLEOH group if occult 
inguinal hernia with an internal hernia sac at all sizes pre-
sented during the laparoscopic examination and if informed 
consents were obtained prior to surgery. We retrospectively 
reviewed data including demographic characteristics, pre-
operative laboratory examinations, and operative details. 
Event-free survival was defined as time form PD catheter 
insertion to metachronous hernia repair or the date of the fol-
low-up without event. Overall catheter survival was defined 
as time from PD catheter insertion to discontinuation of PD 
or the date of the follow-up without event. Herniorrhaphy-
related surgical complications were defined as wound infec-
tion, bleeding, dialysate leakage, hernia recurrence or mor-
tality within 30 days after synchronous or metachronous 
hernia repair.

Statistical analysis

The Kolmogorov–Smirnov test was used to check the dis-
tribution of the continuous variables. Continuous variables 
were compared using the Student t test in the cases of the 
normal distribution of data or Mann–Whitney U test in the 
cases of the non-normal distribution of data and presented as 
mean ± standard deviation (SD) or median with interquartile 
ranges (IQR), respectively. Pearson’s χ2 test or Fisher’s exact 
test was used to compare the categorical variables which are 
presented as frequency and percentages. The Kaplan–Meier 
curve analysis followed by the log-rank test was used to 
depict the time-to-event data and to examine differences 
between the two study groups. Subsequently, hazard ratios 
(HRs) and 95% confidence intervals (CIs) were calculated by 
univariate Cox proportional hazards regression model. All 
statistical analyses were performed using IBM SPSS Sta-
tistics 21 (IBM Corporation, Software Group, Somers, NY, 
USA). Two-tailed p values of less than 0.05 were considered 
statistically significant for all analyses.

Results

During the study period, 470 patients initiated PD in our 
hospital. After exclusion, a total of 432 patients (217 
males and 215 females) with no previous record of symp-
tomatic inguinal hernia were enrolled in this study. Mean 
age of our study population was 51.4 ± 15.3 years (range 
19–95 years); mean follow-up time was 33.5 ± 20.8 months 
(range 3.4–87.9 months). These patients were classified 
into the RLEOH group (n = 365, 84.5%) and the non-
RLEOH group (n = 67, 15.5%) according to whether or 
not they had received routine laparoscopic examination 
(Fig.  1). Table  S1 (Supplementary Data) and Table  1 
show comparisons of clinical characteristics and opera-
tive details, respectively, between these two study groups. 
As shown, there were no significant differences in age, 
gender, cause of end-stage renal disease, body mass 
index, preoperative laboratory examination, and opera-
tive time between two study groups. The patients in the 
non-RLEOH group had a higher rate of history of previous 
abdominal surgery (23.9 vs. 10.7%, p = 0.003), open PD 
insertion (11.9 vs. 0.0%, p < 0.001), and intraabdominal 
adhesion (20.9 vs. 9.3%, p = 0.006).

In the RLEOH group, 17 patients were deemed to have 
occult inguinal hernia and received a synchronous hernia 
repair during their PD catheter insertion (Fig. 1; the sub-
group A). Among them, 7 patients had bilateral hernior-
rhaphy and 10 had unilateral herniorrhaphy. There was 
no delay in the time from PD catheter insertion to the 
first course of PD in patient received synchronous her-
nia repair (n = 17) compared to other patients (n = 415) 
in this study population [11 days (9.5–14.5) vs. 10 days 
(8–12); p = 0.126]. Additionally, in the RLEOH group, 339 
patients were deemed to have no occult inguinal hernia 
(Fig. 1; the subgroup B), while 9 patients had confirmed 
occult inguinal hernia without a synchronous repair due 

Table 1  Operative details of the 
two study groups

Data are presented as n (%) or median (interquartile ranges)
RLEOH routine laparoscopic examination for an occult inguinal hernia during peritoneal dialysis catheter 
placement, PD peritoneal dialysis

RLEOH group (n = 365) Non-RLEOH group 
(n = 67)

p value

Operative time (mins) 75 (65–87) 73 (60–91) 0.491
Method
 Laparoscopic 365 (100.0) 59 (88.1) < 0.001
 Open 0 (0.0) 8 (11.9)

Intraabdominal adhesion 34 (9.3) 14 (20.9) 0.006
Presence of occult inguinal hernia 26 (7.1) –
Time from PD catheter insertion to 

metachronous hernia repair (days)
181 (78–679) 159 (78–284) 0.667

Metachronous symptomatic hernia 21 (5.8) 9 (13.4) 0.034
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to a lack of informed consent (Fig. 1; the subgroup C). 
Patients in the subgroup C (n = 9) did not have complica-
tions except a relatively high incidence of symptomatic 
inguinal hernia established during the follow-up period. 
The incidence rates of symptomatic inguinal hernia, either 
unilateral or bilateral, developed during the follow-up 
period after staring PD in subgroups A, B, and C were 
0, 5.6, and 22.2%, respectively, whereas that in the non-
RLEOH group was 13.4%.

Once symptomatic inguinal hernia was diagnosed, all 
patients were subjected to a metachronous hernia repair. 
The numbers of patients who received unilateral or bilateral 
metachronous hernia repair in subgroups A, B, and C as 
well as in the non-RLEOH group are indicated in Fig. 1. 
Particularly, the anatomical sides of the metachronous hernia 
repair in 2 patients of the subgroup C (Fig. 1) were the same 
as those of occult inguinal hernia identified initially during 
the laparoscopic examination. Overall, the percentage of the 
metachronous hernia repair was significantly higher in the 
non-RLEOIH group compared to the RLEOH group (13.4 
vs. 5.8%, p = 0.034; Table 1). The median time from PD 
catheter insertion to the metachronous hernia repair was not 
significantly different between two study groups (p = 0.667; 

Table 2). The Kaplan–Meier curve analysis (Fig. 2a) fol-
lowed by the log-rank test revealed a significant difference 
in the event (metachronous hernia repair) free survival over 
time between two study groups (p = 0.027). Further analysis 
indicated that patients in the RLEOH group had a reduced 
HR for metachronous hernia repair compared with those in 
the non-RLEOH group (HR = 0.426; 95% CI 0.195–0.930, 
p = 0.032). The overall catheter survival over rime (Fig. 2b) 
was not significantly different between two study groups 
(p = 0.317). Patients with a history of previous abdominal 
surgery (HR = 1.09; 95% CI 0.38–3.12, p = 0.875) or intraab-
dominal adhesion (HR = 2.04; 95% CI 0.83–4.98, p = 0.120) 
did not have an increased risk of metachronous hernia repair 
compared to those without. Table 2 shows clinical demo-
graphics and characteristics of patients who received syn-
chronous or metachronous hernia repair (n = 47) and patients 
who did not need repair (n = 385) in this study. As shown, 
patients in the hernia repair group had a higher percentage 
of male as compared to those in the non-repair group. There 
were no significant differences in other variables between 
the hernia repair and non-repair group (Table 2).

In this study, the open technique was employed as the 
approach for synchronous (n = 17) or metachronous (n = 30) 

Table 2  Clinical demographics 
and characteristics of patients 
who received inguinal hernia 
repair and who did not need 
repair in this study

Data are presented as mean ± standard deviation, n (%) or median (interquartile ranges)
ESRD end-stage renal disease, eGFR estimated Glomerular filtration rate, ALT aspartate transaminase

No need for hernia 
repair (n = 385)

With synchronous or metachro-
nous hernia repair (n = 47)

p value

Age (years) 51.3 ± 15.7 49.5 ± 14.6 0.448
Gender
 Male 180 (46.3) 37 (78.7) < 0.001
 Female 205 (53.2) 10 (21.3)

Body mass index (kg/m2) 23.9 ± 4.6 24.6 ± 4.5 0.319
Cause of ESRD 0.253
 Glomerulonephritis 137 (35.6) 19 (40.4)
 Diabetes mellitus 130 (33.8) 19 (40.4)
 Hypertensive 32 (8.3) 4 (8.5)
 Obstructive nephropathy 11 (2.9) 0 (0.0)
 Polycystic renal disease 7 (1.8) 2 (4.3)
 Unknown 68 (17.7) 3 (6.4)

History of abdominal surgery 50 (13.0) 5 (10.6) 0.648
Preoperative laboratory exam
 Creatinine (mg/dL) 10.2 (8.6–12.8) 10.6 (8.7–13.2) 0.547
 eGFR (mL/min/1.73  m2) 4.5 (3.7–5.8) 4.6 (3.9–6.1) 0.286
 Albumin (g/dL) 3.5 ± 0.6 3.7 ± 0.6 0.103
 Hemoglobin (g/dL) 8.8 (8.0–9.6) 8.9 (8.2–9.9) 0.393

Platelet count (1000/μL) 201.1 ± 73.7 205.1 ± 63.8 0.725
Sodium (mEq/L) 137 (134–140) 138.5 (136–140) 0.114
Potassium (mEq/L) 4.3 ± 0.7 4.4 ± 0.7 0.199
Calcium (mg/dL) 8.1 (7.4–8.6) 7.9 (7.2–8.7) 0.435
Phosphorus (mg/dL) 6.2 (5.0–7.6) 6.2 (5.0–7.1) 0.325
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hernia repair. Among the patients with synchronous her-
nia repair, 15, 1, and 1 patients received McVay repair, 
Lichtenstein tension-free mesh repair, and Bassini repair, 
respectively. Among the patients with metachronous her-
nia repair, 25, 2, 2, and 1 patients received McVay repair, 
Lichtenstein tension-free mesh repair, Bassini repair, and 
high ligation of the indirect sac, respectively. As a group, 
the operation time for patients with additional synchronous 
hernia repair (123 min, IQR = 90–145; n = 17) was signifi-
cantly (p < 0.001) longer than that for patients with usual 
PD catheter placement (75 min, IQR = 64–86; n = 415). No 
herniorrhaphy-related surgical complications occurred in the 
patients who received synchronous or metachronous her-
nia repair in this study. Also, patients who had confirmed 
occult inguinal hernia without a synchronous repair (Fig. 1; 
the subgroup C, n = 9) did not have complications except 
a relatively high incidence of symptomatic inguinal hernia 
established during the follow-up period.

Discussion

In this retrospective study, our results clearly show that 
patients who received RLEOH had a reduced risk of 
metachronous inguinal hernia repair compared to those in 
the non-RLEOH group. This benefit is mainly due to the fact 
that a majority (65.4%) of the patients in the RLEOH group 
who had occult inguinal hernia received a synchronous 

hernia repair (the subgroup A). Importantly, none of these 
patients developed symptomatic inguinal hernias during the 
follow-up period after starting PD, thus reducing the need 
for a metachronous surgery. This favorable outcome is in 
contrast to the finding that more than one-fifth of the patients 
(22.2%) who had confirmed occult inguinal hernia without 
a synchronous repair (the subgroup C) eventually developed 
symptomatic inguinal hernias after starting PD. The preva-
lence of symptomatic inguinal hernia in patients undergo-
ing PD ranges from 11 to 33% [4, 6, 11] and the incidence 
(13.4%) in the non-RLEOH group is within this range. Our 
patients who had no occult inguinal hernia (the subgroup B) 
appear to have a relatively low incidence (5.6%) of newly 
developed inguinal hernia during PD, another favorable 
outcome presumably resulting from RLEOH. Collectively, 
these results suggest the benefits of RLEOH with a synchro-
nous hernia repair in reducing the incidence of developing a 
symptomatic inguinal hernia, the need for a metachronous 
repair, and the risk of complications associated with her-
nia formation or additional surgery in patients undergoing 
PD. On the other hand, no difference in the overall catheter 
survival over time between two study groups was found. In 
addition, the procedure of synchronous hernia repair dur-
ing the PD catheter insertion did not delay the first course 
of PD and did not cause any herniorrhaphy-related surgical 
complication in our patients, although this procedure did 
take a longer operation time as compared to the usual PD 
catheter insertion. Thus, this approach seems to be reliable 

Fig. 2  Kaplan–Meier curves of the event (metachronous hernia 
repair) free (a) and overall catheter survival (b) for patients in the 
RLEOH group (n = 365; green line) versus the non-RLEOH group 

(n = 67; blue line). RLEOH routine laparoscopic examination for 
occult inguinal hernia, Non-RLEOH no routine laparoscopic exami-
nation for occult inguinal hernia
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and safe, a finding that is in good agreement with those in 
the study of symptomatic hernia repair and simultaneous PD 
insertion [12–14].

It has been reported that male, advanced age, high body 
mass index, polycystic kidney disease, long duration of 
dialysis, and history of abdominal surgery are risk factors 
for hernia development in PD patients [9, 21–24]. However, 
except the percentage of male, we found no differences in 
these variables between patients who received synchronous 
or metachronous hernia repair and patients who did not need 
repair. We found patients in the hernia repair group indeed 
had a higher percentage of male, a finding that is consistent 
with that reported by other investigators [9]. Our patients in 
the non-RLEOH group did have higher incidences of history 
of abdominal surgery and intraabdominal adhesion; the for-
mer is a risk factor of hernia formation in patients on PD [22, 
23], whereas the role of the latter is undefined. Whatever 
their potential impacts, these two factors did not increase the 
risk of metachronous hernia repair in our patient population 
as revealed by our regression analyses.

The definition of occult inguinal hernia has not been well 
defined in the literature. In 2018, the international guide-
lines defined an occult hernia as an asymptomatic hernia 
that is not detectable by physical examination [26]. van den 
Heuve et al. [27] believed that occult inguinal hernias with 
an internal sac of no more than 2 cm in a general population 
are unlikely to allow any herniation. In this study, we defined 
occult inguinal hernia if a hernia sac at all sizes was pre-
sented during the laparoscopic examination; this is because 
PD patients are a population with high risk. Our study shows 
a prevalence of 7.1% of occult inguinal hernia in patients 
who underwent thorough RLEOH. There has been no study 
reporting the incidence rate in this patient population, but 
few cases have been reported whose occult inguinal her-
nias were missed by routine examinations, but later were 
confirmed during PD [18, 19, 25]. Symptomatic inguinal 
hernias are relatively easy to identify with pre-operative 
physical assessments. When patients present vague signs of 
inguinal hernias, radiologic modalities such as ultrasonog-
raphy and magnetic resonance imaging can be used for the 
diagnosis [5]. However, these radiologic assessments would 
not be routinely performed in PD patients with no previ-
ous record and no symptoms of inguinal hernias (occult or 
asymptomatic inguinal hernias). The diagnosis of occult 
inguinal hernias remains challenging because preoperative 
imaging assessments cannot reliably exclude this entity due 
to a high false-negative rate [15, 16]. Accordingly, occult 
inguinal hernias can be more precisely identified by careful 
laparoscopic examination of the abdominal cavity in patients 
receiving PD catheter placement.

An occult inguinal hernia may represent an abdominal 
defect that is associated with abnormal connective tissue 
alterations [28] and is vulnerable to the impact of increased 

intraabdominal pressure occurred in patients undergoing PD 
[3–5]. This may predispose these patients to the develop-
ment of symptomatic inguinal hernias. Indeed, we observed 
22.2% of the patients whose occult inguinal hernias were 
not synchronously repaired, but later required metachronous 
hernia repairs on the same anatomical sides. Similarly, in 
two studies performing laparoscopic repair of unilateral 
diagnosed inguinal hernias [27, 29], the investigators also 
reported that 21% or 28.6% patients who had occult inguinal 
hernias on the contralateral side became symptomatic and 
required metachronous repairs. Our finding regarding the 
high recurrence rate suggests that all occult inguinal hernias, 
regardless their sizes, should be repaired when found during 
PD catheter insertion.

In this study, we employed the open technique as the 
approach for synchronous or metachronous hernia repair. 
Either open or laparoscopic technique has been employed as 
the approach for concomitant hernia repair and PD catheter 
placement; both approaches were reported to be reliable and 
safe [5]. So far, no comparative study has been conducted 
to investigate which one is superior to another. However, 
the use of the laparoscopic technique in this setting bears a 
risk of damaging the peritoneal membrane, a concern that 
requires to be considered in PD patients [5].

There are no guidelines regarding the timing to com-
mence or continue PD after synchronous or metachronous 
hernia repair. The decision of this timing should be based 
upon at least three major considerations [5]. First, sufficient 
postoperative time should be allowed for proper healing to 
avoid dialysate leakage from hernia repair site. Second, the 
duration for PD to be withheld postoperatively depends on 
the residual renal function of patients as judged by neph-
rologists. Third, whether adequate strategies of PD treat-
ment are applied to avoid postoperative dialysate leakage 
from hernia repair site. Our institution uses an approach of 
urgent-start PD that involves the initiation of PD therapy 
earlier than 2 weeks after PD catheter insertion [30]. In our 
cases with synchronous hernia repair, we tended to allow 
two more days if possible for proper healing after surgery. In 
this study, the medium times from PD catheter insertion to 
the first course of PD in patients who received and who did 
not receive synchronous hernia repair were around 11 and 
10 days, respectively. In our cases with metachronous hernia 
repair, PD treatment could be restarted 3 days after surgery 
with a strategy of low-volume high-frequency exchanges [5].

There were some limitations to the current study. First, 
this is a retrospective study with a relatively small sample 
size of patients from a single institution. Future prospec-
tive investigations with a larger sample size for a longer 
follow-up duration are warranted. The second limitation is 
the lack of certain data available in each patient, such as the 
amount of dialysate injected per day and intra-abdominal 
pressure during the follow-up period; the changes in these 
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variables may potentially contribute to hernia formation 
(3–5). Third, the criteria for identification of occult inguinal 
hernias by RLEOH may vary over time or among different 
surgeons, which may influence the diagnosis. However, this 
was largely avoided by the situation that most of the cases 
(83%) were performed or supervised by a senior surgeon 
(T.L.H). Fourth, there is a notable difference in the number 
of patients with metachronous repair (n = 30) in relation to 
those with synchronous repair (n = 17); this produces certain 
difficulty to make a real assessment of these two procedures.

In conclusion, our results suggest that RLEOH with a 
synchronous repair during PD catheter insertion may con-
fer clinical benefits in reducing both the risk of developing 
symptomatic inguinal hernias after starting PD and the need 
for a metachronous surgery and this approach is safe. We 
advocate that this approach should be set as a strategy in the 
guidelines. We also urge that the possibility of identifying 
and simultaneous repair an occult inguinal hernia should be 
discussed with patients who have chosen PD as their dialysis 
modality in the preoperative consent.

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s1002 9-020-02364 -7.

Acknowledgements The authors sincerely appreciated the assistance 
of Mr. Chien-Chih Chiu (physician assistant) and all the PD nurses.

Author contributions Conceptualization and Methodology: [H-WK, 
T-LH]; Acquisition of data, Formal analysis and investigation: [C-NY, 
C-YT, J-TH, S-YW, C-WL, M-CY]; Writing—original draft prepara-
tion: [H-WK]; Writing—review and editing: [T-LH]; Supervision: 
[T-LH].

Funding There are no funds associated with this article.

Compliance with ethical standards 

Conflict of interest The authors do not have any conflicts of interest.

Ethical approval This study was approved by the Institutional Review 
Board of Chang Gung Memorial Hospital (No.202000511B0).

Human and animal rights All procedures for the human study were 
performed according to ethical standards defined by ethical commit-
tee of our institution. No procedures were performed on animals in 
this study.

Informed consent Informed consent was waived for this retrospective 
study according to our institutional guideline.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 

included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Waheed S, Chan MR (2017) The epidemiology of renal replace-
ment therapy. In: Haggerty S (ed) Surgical aspects of peritoneal 
dialysis, 1st edn. Springer, Berlin, pp 1–6

 2. Wearne N, Kilonzo K, Effa E, Davidson B, Nourse P, Ekrikpo 
U, Okpechi IG (2017) Continuous ambulatory peritoneal dialy-
sis: perspectives on patient selection in low- to middle-income 
countries. Int J Nephrol Renovasc Dis 4(10):1–9. https ://doi.
org/10.2147/IJNRD .S1042 08

 3. Goldstein M, Carrillo M, Ghai S (2013) Continuous ambulatory 
peritoneal dialysis-a guide to imaging appearances and complica-
tions. Insights Imaging 4(1):85–92. https ://doi.org/10.1007/s1324 
4-012-0203-y

 4. García-Ureña MA, Rodríguez CR, Vega Ruiz V, Carnero Hernán-
dez FJ, Fernández-Ruiz E, Vazquez Gallego JM, Velasco GM 
(2006) Prevalence and management of hernias in peritoneal dialy-
sis patients. Perit Dial Int 26(2):198–202

 5. Di Cocco P, Papalois VE, Brown EA, Dor FJMF (2017) Manage-
ment of hernias in the context of peritoneal dialysis. In: Haggerty 
S (ed) Surgical aspects of peritoneal dialysis, 1st edn. Springer, 
Berlin, pp 159–166

 6. Martínez-Mier G, Garcia-Almazan E, Reyes-Devesa HE, Garcia-
Garcia V, Cano-Gutierrez S, Mora Y, Fermin R, Estrada-Oros 
J, Budar-Fernandez LF, Avila-Pardo SF, Mendez-Machado GF 
(2008) Abdominal wall hernias in end-stage renal disease patients 
on peritoneal dialysis. Perit Dial Int 28(4):391–396

 7. Cherney DZ, Siccion Z, Chu M, Bargman JM (2004) Natural his-
tory and outcome of incarcerated abdominal hernias in peritoneal 
dialysis patients. Adv Perit Dial 20:86–89

 8. Jeong YH, Do JY, Hwang MJ, Kim MJ, Gu MG, Park BS, Choi 
JE, Kim TW (2014) Incarcerated umbilical hernia with small 
bowel obstruction in a continuous ambulatory peritoneal dialysis 
patient. Yeungnam Univ J Med 31(1):25–27

 9. Yang SF, Liu CJ, Yang WC, Chang CF, Yang CY, Li SY, Lin CC 
(2015) The risk factors and the impact of hernia development on 
technique survival in peritoneal dialysis patients: a population-
based cohort study. Perit Dial Int 35(3):351–359. https ://doi.
org/10.3747/pdi.2013.00139 

 10. Haggerty S, Roth S, Walsh D, Stefanidis D, Price R, Fanelli RD, 
Penner T, Richardson W, SAGES Guidelines Committee (2014) 
Guidelines for laparoscopic peritoneal dialysis access surgery. 
Surg Endosc 28(11):3016–3045. https ://doi.org/10.1007/s0046 
4-014-3851-9

 11. Balda S, Power A, Papalois V, Brown E (2013) Impact of her-
nias on peritoneal dialysis technique survival and residual renal 
function. Perit Dial Int 33(6):629–634. https ://doi.org/10.3747/
pdi.2012.00255 

 12. Sodo M, Bracale U, Argentino G, Merola G, Russo R, Sannino G, 
Strazzullo T, Russo D (2016) Simultaneous abdominal wall defect 
repair and Tenckhoff catheter placement in candidates for perito-
neal dialysis. J Nephrol 29(5):699–702. https ://doi.org/10.1007/
s4062 0-015-0251-8

 13. Horvath P, Königsrainer A, Mühlbacher T, Thiel K, Thiel C 
(2019) Hernia repair and simultaneous continuous ambulatory 
peritoneal dialysis (CAPD) catheter implantation: feasibility and 
outcome. Hernia. https ://doi.org/10.1007/s1002 9-019-02086 -5

https://doi.org/10.1007/s10029-020-02364-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2147/IJNRD.S104208
https://doi.org/10.2147/IJNRD.S104208
https://doi.org/10.1007/s13244-012-0203-y
https://doi.org/10.1007/s13244-012-0203-y
https://doi.org/10.3747/pdi.2013.00139
https://doi.org/10.3747/pdi.2013.00139
https://doi.org/10.1007/s00464-014-3851-9
https://doi.org/10.1007/s00464-014-3851-9
https://doi.org/10.3747/pdi.2012.00255
https://doi.org/10.3747/pdi.2012.00255
https://doi.org/10.1007/s40620-015-0251-8
https://doi.org/10.1007/s40620-015-0251-8
https://doi.org/10.1007/s10029-019-02086-5


1324 Hernia (2021) 25:1317–1324

1 3

 14. Tom CM, Dubina ED, Simms ER, de Virgilio C, Moazzez 
A (2018) Outcomes of combined hernia repair and perito-
neal dialysis catheter placement: a NSQIP analysis. Am Surg 
84(10):1604–1607

 15. Miller J, Tregarthen A, Saouaf R, Towfigh S (2018) Radiologic 
reporting and interpretation of occult inguinal hernia. J Am 
Coll Surg 227(5):489–495. https ://doi.org/10.1016/j.jamco llsur 
g.2018.08.003

 16. Miller J, Cho J, Michael MJ, Saouaf R, Towfigh S (2014) Role 
of imaging in the diagnosis of occult hernias. JAMA Surg 
149(10):1077–1080. https ://doi.org/10.1001/jamas urg.2014.484

 17. Crabtree JH, Shrestha BM, Chow KM, Figueiredo AE, Povlsen 
JV, Wilkie M, Abdel-Aal A, Cullis B, Goh BL, Briggs VR, Brown 
EA, Dor FJMF (2019) Creating and maintaining optimal perito-
neal dialysis access in the adult patient: 2019 update. Perit Dial 
Int 39(5):414–436. https ://doi.org/10.3747/pdi.2018.00232 

 18. Teoh CW, Haydar R, Gillick J, Waldron M, Dolan NM, Awan 
A, Riordan M (2015) Migration of Tenckhoff catheter into an 
occult inguinal hernia. Perit Dial Int 35(1):113–114. https ://doi.
org/10.3747/pdi.2013.00100 

 19. Francis RS, D’Souza P, D’Souza RJ, Beaman M, Hamad S (2004) 
An unusual cause of peritoneal dialysate drainage failure-inad-
vertent placement of Tenckhoff peritoneal dialysis catheter into 
an occult inguinal hernia. Perit Dial Int 24(4):405–406

 20. Sun ML, Zhang Y, Wang B, Ma TA, Jiang H, Hu SL, Zhang P, 
Tuo YH (2020) Randomized controlled trials for comparison of 
laparoscopic versus conventional open catheter placement in peri-
toneal dialysis patients: a meta-analysis. BMC Nephrol 21(1):60. 
https ://doi.org/10.1186/s1288 2-020-01724 -w

 21. Del Peso G, Bajo MA, Costero O, Hevia C, Gil F, Díaz C, Aguil-
era A, Selgas R (2003) Risk factors for abdominal wall complica-
tions in peritoneal dialysis patients. Perit Dial Int 23(3):249–254

 22. Sastre A, González-Arregoces J, Romainoik I, Mariño S, Lucas 
C, Monfá E, Aguilera A, de León B, Stefan G, Prieto MA (2016) 
Risk factors associated with hernias on peritoneal dialysis. Nefro-
logia 36(5):567–568. https ://doi.org/10.1016/j.nefro .2016.01.016

 23. O’Connor JP, Rigby RJ, Hardie IR, Wall DR, Strong RW, Wood-
ruff PW, Petrie JJ (1986) Abdominal hernias complicating contin-
uous ambulatory peritoneal dialysis. Am J Nephrol 6(4):271–274. 
https ://doi.org/10.1159/00016 7174

 24. Aziz F, Chaudhary K (2017) Peritoneal dialysis in patients with 
abdominal surgeries and abdominal complications. Adv Perit Dial 
33(2017):40–46

 25. Zhong H, Bai J, Zeng XX, Liu RB, Fu P (2013) An occult inguinal 
hernia in a patient on continuous ambulatory peritoneal dialysis: 
preoperative CT peritoneography diagnosis. Chin Med J (Engl) 
126(9):1792

 26. HerniaSurge Group (2018) International guidelines for groin her-
nia management. Hernia 22(1):1–165. https ://doi.org/10.1007/
s1002 9-017-1668-x

 27. van den Heuvel B, Beudeker N, van den Broek J, Bogte A, Dwars 
BJ (2013) The incidence and natural course of occult inguinal 
hernias during TAPP repair: repair is beneficial. Surg Endosc 
27(11):4142–4146

 28. Henriksen NA, Yadete DH, Sorensen LT, Agren MS, Jorgensen 
LN (2011) Connective tissue alteration in abdominal wall hernia. 
Br J Surg 98(2):210–219. https ://doi.org/10.1002/bjs.7339

 29. Thumbe VK, Evans DS (2001) To repair or not to repair incidental 
defects found on laparoscopic repair of groin hernia: early results 
of a randomized control trial. Surg Endosc 15(1):47–49 (PubMed 
PMID: 11178762)

 30. Arramreddy R, Zheng S, Saxena AB, Liebman SE, Wong L 
(2014) Urgent-start peritoneal dialysis: a chance for a new begin-
ning. Am J Kidney Dis 63(3):390–395. https ://doi.org/10.1053/j.
ajkd.2013.09.018

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jamcollsurg.2018.08.003
https://doi.org/10.1016/j.jamcollsurg.2018.08.003
https://doi.org/10.1001/jamasurg.2014.484
https://doi.org/10.3747/pdi.2018.00232
https://doi.org/10.3747/pdi.2013.00100
https://doi.org/10.3747/pdi.2013.00100
https://doi.org/10.1186/s12882-020-01724-w
https://doi.org/10.1016/j.nefro.2016.01.016
https://doi.org/10.1159/000167174
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1002/bjs.7339
https://doi.org/10.1053/j.ajkd.2013.09.018
https://doi.org/10.1053/j.ajkd.2013.09.018

	Clinical benefits of routine examination and synchronous repair of occult inguinal hernia during laparoscopic peritoneal dialysis catheter insertion: a single-center experience
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient population
	Definitions and data collection
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




