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A COMPARATIVE ANALYSIS OF PERCUTANEOUS AND OPEN SURGICAL TECHNIQUES
FOR PERITONEAL CATHETER PLACEMENT
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¢ Background: Peritoneal dialysis (PD) is the preferred
available option of renal replacement therapy for a signifi-
cant number of end-stage kidney disease patients. A major
limiting factor to the successful continuation of PD is the
long-term viability of the PD catheter (PDC). Bedside per-
cutaneous placement of the PDCis not commonly practiced
despite published data encouraging use of this technique.
Its advantages include faster recovery and avoidance of
general anesthesia.

¢ Methods: We carried out a retrospective analysis of the
outcomes of 313 PDCinsertions at our center, comparing all
percutaneous PDC insertions between July 1998 and April
2010 (group P, n = 151) with all surgical PDC insertions
between January 2003 and April 2010 (group S, n=162).
¢ Results: Compared with group P patients, significantly
more group S patients had undergone previous abdominal
surgery or PDC insertion (41.8% vs 9.3% and 33.3% vs
3.3% respectively, p = 0.00). More exit-site leaks occurred
in group P than in group S (20.5% vs 6.8%, p =0.002). The
overall incidence of peritonitis was higher in group S than
in group P (1 episode in 19 catheter-months vs 1 episode
in 26 catheter-months, p =0.017), but the groups showed
no significant difference in the peritonitis rate within
1 month of catheter insertion (5% in group P vs 7.4% in
group S, p =0.4) or in poor initial drainage or secondary
drainage failure (9.9% vs 11.7%, p = 0.1, and 7.9% vs
12.3%, p =0.38, for groups P and S respectively).Technical
survival at 3 months was significantly better for group P
than for group S (86.6% vs 77%, p=0.037); at 12 months,
it was 77.7% and 68.7% respectively (p = 0.126). No Llife-
threatening complications attributable to the insertion of
the PDC occurred in either group.

¢ Conclusions: Our analysis demonstrates further encour-
aging outcomes of percutaneous PDC placement compared
with open surgical placement. However, the members of
the percutaneous insertion group were primarily a selected
subset of patients without prior abdominal surgery or
PDC insertion, therefore limiting the comparability of the
groups. Studies addressing such confounding factors are
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required. Local expertise in catheter placement techniques
may affect the generalizability of results.
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S uccessin carrying out peritoneal dialysis (PD) requires
a functioning catheter and the ability of the patient
or carer to master the PD technique. Several methods for
peritoneal dialysis catheter (PDC) insertion have evolved,
including an open surgical procedure; laparoscopicinser-
tion; and the percutaneous Seldinger, peritoneoscopic,
and fluoroscopic placement techniques. The percutaneous
Seldinger method is the leastinvasive technique, and yet it
is not commonly practiced. The advantages of percutaneous
PDCinsertioninclude avoidance of generalanesthesia (GA)
and the delays imposed by wait-listing for surgery and for
theater time allocation; potentially less post-procedure
pain, with faster recovery and ambulation; and efficient
use of resources. Recent studies have shown favorable
outcomes with percutaneous PDC placement, demonstrating
the efficacy and safety of the technique (1,2).

Here, we report the outcomes of 151 PDCs inserted
percutaneously between July 1998 and April 2010
(group P) and 162 catheters inserted by conventional
surgical technique between January 2003 and April
2010 (group S) in our unit. To our knowledge, this study
includes the largest cohort of patients with percutane-
ously inserted PDCs reported in a comparative analysis
of PDC placement techniques.

METHODS
DATA COLLECTION

Information was obtained from our database of
patients undergoing PDC placement between July 1998
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and April 2010. However, surgical insertions were not
recorded in the database before January 2003, and
thus, the target study group included all percutane-
ous PDCinsertions during the specified period, but the
comparator group comprised PDCs inserted surgically
between January 2003 and April 2010. Clinical outcomes
and complications of all PDCs were analyzed up to
April 2011.

Medical records of patients who had received catheters
were reviewed for clinical data, and the hospital’s labora-
tory database was used to confirm peritonitis episodes.
The study was granted ethical approval by the Research
Ethics Committee of St James’s Hospital/Adelaide &
Meath Hospital, Dublin, incorporating the National
Children’s Hospital.

CATHETER INSERTION

Contraindications to percutaneous catheterinsertion
were open abdominal surgery other than appendec-
tomy or cesarean section, a bleeding tendency, and pre-
existing hernia requiring simultaneous repair. Otherwise,
the chosen method of insertion depended largely on the
caring physician’s preference and operator availability.

Percutaneous catheter insertion was carried out as
a side-room procedure in the renal ward. A curled two-
cuffed Tenckhoff catheter was placed using the Seldinger
technique under aseptic conditions by the method
described in a previous paper (3). The catheter was
inserted under local anesthesia and conscious sedation
with oral diazepam 10 mg. Premedication as part of the
PDCinsertion protocolincluded intravenous piperacillin-
tazobactam 4.5 g, and DF118 (dihydrocodeine) 60 mg.
Percutaneousinsertions were performed by a consultant
nephrologist and occasionally by senior nephrology
trainees under supervision.

Surgical insertion of the same two-cuffed coiled
Tenckhoff catheters was carried out under GAin a theater
room using the standard open surgical technique (4).
The procedure was performed by consultant surgeons or
surgical trainees under direct supervision.

Between January 2003 and April 2010, 170 PDCs
were inserted by the surgical method. We excluded 8
of those catheters: 4 because of insufficient or miss-
ing data, and another 4 because they were not used (1
patient switched to hemodialysis for personal reasons,
1 required extensive abdominal surgery for newly diag-
nosed bladder cancer, 1 experienced recurrence of a large
abdominal hernia that precluded PD, and 1 underwent
transplantation before catheter use). Of the 162 cath-
eters inserted percutaneously between July 1998 and
April 2010, 10 were excluded because of missing data,
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and 1, becauseitwas never used (the patient died ofacute
myocardial infarction).

Peritonitis was identified by clinical history and
physical findings documented in the medical notes
(abdominal pain, fever, nausea, diarrhea, abdominal
tenderness), and also by laboratory data (dialysate white
cell count exceeding 100/mm3, or a positive effluent
culture, or both). Positive swab cultures from patients
with suspected exit-site infection were identified from
the laboratory database. We defined poor initial drain-
age as significant drainage failure within 48 hours of
commencing PD exchanges, necessitating either cath-
eter manipulation or replacement or discontinuation of
PD. We defined secondary drainage failure as catheter
blockage or dysfunction occurring more than 48 hours
after successful initial drainage and resulting in cath-
eter manipulation or replacement or discontinuation
of PD. We differentiated between catheter removal for
mechanical or infectious complications of the PDC and
non-catheter-related reasons for discontinuation of
PD, including death, transplantation, recovery of renal
function, and transfer to hemodialysis because of ultra-
filtration failure, poor clearance, or patient choice. In
addition to catheter replacement and ongoing catheter
use, the foregoing clinical endpoints or events that re-
sulted in discontinuation of PD were considered primary
outcomes. The analysis looked at individual catheter
outcomes rather than patient outcomes. As in similar
earlier studies, thatapproach allowed for representation
of patients more than once if they received more than 1
PDCwithin the study period, thus avoiding bias imposed
by deselecting re-insertions during that time. Whenever
a PDC catheter was replaced, either surgically or percu-
taneously, the new catheter was analyzed as a separate
event. Primary outcomes were recorded retrospectively
at 3 and 12 months afterinsertion of the PDC.

STATISTICAL ANALYSIS

Mean and standard deviations were calculated for con-
tinuous parametric data, and medians and interquartile
ranges for nonparametric data. We report frequencies
for categorical data. For group comparisons, we used
the Student t-test, Mann-Whitney test, or chi-square
test (Pearson or Fisher exact test), as appropriate. For
rates, we calculated rate ratios with 95% confidence
intervals. We used two methods to assess technical
survival of PDCs. In aninitial analysis, we excluded PDCs
that were no longer in use at specified point intervals
(3 and 12 months after catheter insertion) because of
patient-related factors as opposed to catheter-related
complications. Alternatively, Kaplan—-Meier curves were
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generated to represent catheter survival in the two
groups for the first 12 months after catheter insertion
(censored for PD cessation for reasons other than cath-
eter complications). The statistical analysis was carried
out using the SPSS software application (version 15.0:
SPSS, Chicago, IL, USA).

RESULTS

Table 1 presents the baseline characteristics of the
two PDC groups. No differences in age, sex, or duration
of follow-up were observed between the two groups.
Significantly more patients in group S than in group P
had undergone previous abdominal surgery or PDC in-
sertion (41.8% vs 9.3% and 33.3% vs 3.3% respectively,
p=0.00). Patients with polycystic kidney disease (PCKD)
were more likely to have undergone surgical PDCinsertion
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in view of the theoretic risk of cyst rupture during the
blind percutaneous technique. Total accumulated PDC
experience was 2567 patient-months in group P and
2717 patient-months in group S.

Table 2 shows treatment-related complications after
PDC insertion. More exit-site leaks occurred in group P
thanin group S (20.5% vs 6.8%, p = 0.002), but we ob-
served no statistically significant differences between
the groups in poor initial drainage (9.9% vs 11.7%, p =
0.1) or secondary drainage failure (7.9% vs 12.3%, p =
0.38). Peritonitis rates were 3.85 and 5.26 episodes per
100 patient-months for group Pand group S respectively
(rate ratio: 1.36; 95% confidenceinterval: 1.06 to 1.76;
p =0.017). No difference was evident in the incidence
of early peritonitis (within 1 month of catheter inser-
tion) between the two groups (5% in group P vs 7.4%in
group S, p = 0.4). The mean interval between first PDC

TABLE 1
Baseline Characteristics of the Study Groups
Placement technique p

Variable Overall Surgical Percutaneous Value
Catheters (n) 313 162 151
Mean age (years) 50.4+15.3 51.7+16.8 0.47
Sex [n (%) women] 120 (38.3) 65 (40.1) 55 (36.4) 0.50
Age > 70 years [n (%)] 51 (16.3) 23 (14.2) 28 (18.5) 0.36
Ethnic minority [n (%)] 13 (4.2) 11 (6.8) 2 (1.3) 0.02
Diabetic nephropathy [n (%)] 46 (14.7) 18 (11.1) 28 (18.5) 0.08
Polycystic kidney disease [n (%)] 30(9.6) 25 (15.4) 5(3.3) 0.00
Previous abdominal surgery [n (%)] 92 (29.4) 78 (48.1) 14 (9.3) 0.00
Previous PD catheter 59 (18.8) 54 (33.3) 5(3.3) 0.00
Duration of follow-up (months)

Median 12 15 0.61
Range 4-23 3-25
TABLE 2
Complications After Peritoneal Dialysis (PD) Catheter Insertion in the Study Groups
Placement technique p

Complication Overall Surgical Percutaneous Value
Primary failure [n (%)] 4(1.3) 0 4 (2.6) 0.05
Poor initial drainage [n (%)] 34 (10.9) 19 (11.7) 15 (9.9) 0.1
PD-related peritonitis (eps/cath-mos) 1/19 1/26 0.017
Possible ESI (swabs/cath-mos) 1/11.8 1/14.8 0.023
Exit-site leak 42 (13.4) 11 (6.8) 31(20.5) 0.002
Scrotal leak [n (%)]? 21 (10.9) 9(9.3) 12 (12.5) 0.73
Pleural leak [n1 (%)] 13 (4.2) 10 (6.2) 3(2.0) 0.15
Secondary drainage failure [ (%)] 32(10.2) 20 (12.3) 12 (7.9) 0.38

Eps/cath-mos = episodes/catheter-months; ESI = exit-site infection; swabs/cath-mos = positive swab cultures/catheter-months.

2 Among male patients.
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use and late-onset peritonitis (more than 1 month after
catheterinsertion) was 15.9 monthsin group Pand 18.3
monthsin group S. Exit-site leaks almost always occurred
early (within 1 month of insertion); the one exception
was a leak that occurred 8 weeks after percutaneous PDC
insertion. All exit-site leaks settled conservatively after
PD was withheld for a few days. Rates of positive exit-
site swabs taken for suspected infection were 1in 14.8
patient-monthsin group Pand 1in 11.8 patient-months
in group S (rate ratio: 1.26; 95% confidence interval:
1.03to 1.54; p=0.02).

The incidence of abdominal-wall hernia after PDC
placement was 10% in group P and 15.4%in group S. In
both groups, approximately one third of the hernias were
inguinal. Most hernias were repaired. Only 1 patient of
the 12in group P who developed abdominal-wall hernia
had PCKD; 1 patient had previously undergone nephrecto-
my. Of the group S patients, 25% of those who developed

TABLE 3
Reasons for Transfer to Hemodialysis in
the Study Groups

Placement technique
[n (%)]
Surgical Percutaneous

Reason (n=162) (n=151)
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abdominal wall hernias had PCKD; 40% had undergone
abdominal surgery before the PDCinsertion.

Of the group P catheters, 10% required laparoscopic
manipulation to restore catheter function. At 12 months
from the original insertion date, two thirds of the ma-
nipulated cathetersin group Pwerein use, and none had
been removed because of catheter-related complications.
Of the group S catheters, 10.5% required manipulation.
At 12 months from the originalinsertion date, 8 had been
removed because of catheter-related complications; 3
had been removed for patient-related indications; and
3 remained in use. During the study period, 10.6% of
group P catheters and 13% of group S catheters were
replaced. The primary failure rate was 2.6% (4 patients)
in group P and 0% (no insertion failures) in group S.
Unsuccessfulinsertions resulted from failure to advance
the guidewire.

No major or life-threatening complications resulted
from either surgical or percutaneous PDC placement. No
significant bleeding occurred after insertion in either
group.

Table 3 shows the causes of dropout to hemodialysis.
All group P patients whose PD was interrupted because
of unresolved drainage failure resumed PD with a new
catheter; none transferred to hemodialysis because of
catheter dysfunction.

Table 4 shows the primary catheter outcomes at
the 3- and 12-month time points. Significantly more

Not managing PD or patient choice 5 (3.1) 10 (6.6) patients in group S switched to hemodialysis because
Ultrafiltration failure 6(3.7) 2 (1.3) of catheter-related complications (p = 0.00 at 3 and 12
EOOIZ clearance 11 Egg; ggg; months). Catheter technical survival was significantly
ea . .

. . better for group P than for group S at 3 months (86.6%
Xitdhoe;?;—;leitreilnfechon 17 (30'5) 132((27'09)) vs 77%, p=0.037); at 12 months, the rates were nonsig-
Catheter dysfu?lctiyon 12 (7.4) 0 nificantly different (77.7%vs 68.7%, p=0.126, Table 5).

' Figure 1 shows Kaplan-Meier survival plots for the
TOTAL 62(38.3)  35(23.2) W0 groups
TABLE 4

Primary Outcomes of Peritoneal Dialysis Catheter Insertions in the Study Groups at 3 and 12 Months

3 Months [n (%)]

12 Months [n1 (%)]

Endpoint Surgical Percutaneous Surgical Percutaneous

Catheter stillin use 117 (72.2) 116 (76.8) 90 (55.6) 80 (53.0)
Catheter replaced 13 (8.0) 13 (8.6) 16 (9.9) 15 (9.9)
Transfer to hemodialysis

Catheter-related reasons 22 (13.6) 5(3.3) 25 (15.4) 8(5.3)

Patient-related reasons 4 (2.5) 6 (4.0) 11 (6.8) 12 (8.0)
Death with a functioning catheter 1(0.6) 8(5.3) 5(3.1) 14 (9.3)
Transplantation 4 (2.5) 3(2.0) 14 (8.6) 20 (13.2)
Recovery of renal function 1(0.6) 0 1(0.6) 2(1.3)
TOTAL 162 151 162 151
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TABLE 5
Peritoneal Dialysis Catheter Survival?in
the Study Groups
Placement technique p
Technical survival Surgical  Percutaneous Value
At 3 months (%) 77.0 86.6 0.037
(n=152) (n=134)
At 12 months (%) 68.7 71.7 0.126
(n=131) (n=103)

2 Excluding catheters that were no longer in use because of
patient-related factors.
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Figure 1 — Kaplan-Meier survival plots for the percutaneously
and surgically placed catheters.

More patients in group P than in group S died with a
functioning catheter at 3 and 12 months after catheter
insertion (p = 0.02). Of the group P catheters, most
(96.7%) were first catheters, because re-insertion was
usually done surgically. Of the group S catheters, two
thirds were first catheters, and one third were reinser-
tions. Of the surgical reinsertions, 30% occurred in
patients whose first catheter had been inserted percu-
taneously during the study period; those patients were
therefore represented in both study groups. The others
either underwent catheter insertion before the study
period started or were represented more than once within
group S—that is, they underwent more than 1 surgical
PDCinsertion during the study period.

DISCUSSION

Access to timely insertion of a PDCis a crucial factor
for improving PD utilization and avoiding urgent
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hemodialysis (5-7). Since the development of the
Tenckhoff catheter in the mid-1960s, and after the in-
troduction of continuous ambulatory PD (CAPD) in the
1970s, PDC placement techniques have continually been
advanced, with myriad experiences being reported by
various centers (1,2,8-31). The diversity of those experi-
ences reflects theimportance of operator skills and local
facilities in determining practices and outcomes of PDC
insertion. Evidence as to which of the insertion meth-
ods produces the best clinical outcomes is still lacking.
However, it is generally accepted that open surgical or
laparoscopic techniques are recommended for patients
inwhom abdominaladhesions are suspected or for times
when a blind technique is considered less safe—as in
very obese patients and those with a bleeding disorder
(32,33). Surgicalinsertion of PDCs by nephrologists has
also been described (31).

Recently, the interest in percutaneous PDC place-
ment has been growing (1,2). Although this technique
has traditionally been reserved for patients unfit for GA
(3), itis now increasingly being adopted as a front-line
approach in younger and healthier patients. As a result,
outcomes comparisons of percutaneous insertions
with conventional surgical insertions in broadly similar
groups of patients have become possible. Our results
emphasize this trend toward avoiding unnecessary GA
and the constraints arising from the need to coordinate
theater time and surgeon availability. The simplicity and
relative inexpensiveness of the percutaneous technique
may be of particular interest in the setting of limited
health care resources, addressing not only accessibility
in developing countries, butalso resource allocation and
cost-effectiveness in the developed world. The percuta-
neous PDC insertion technique maintains its advanta-
geous safety profile and applicability in patients who are
not candidates for GA or invasive surgery. On the other
hand, surgical and laparoscopic techniques retain their
utility, particularly for insertions considered high-risk
because of suspected abdominal adhesions or complex
underlying anatomy.

Because percutaneous placement is a blind tech-
nique, the major and potentially life-threatening com-
plication associated with it is visceral injury. The risk
is increased in patients who have undergone previous
surgery or experienced severe peritonitis. This particu-
lar complication was not observed in our study group.
We observed a higher rate of death with a functioning
catheter in group P, but those deaths resulted mostly
from acute illnesses and underlying disease processes
unrelated to PD. One exception was a fungal peritonitis,
which may have contributed to death in an elderly pa-
tient who had severe Clostridium difficile colitis. Of the
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group P patients, 3 underwent autopsy to confirm the
cause of death.

Asin previous studies comparing PDCinsertion tech-
niques, our study has several limitations, some universal
and yet unique to a group of subjects dependent on renal
replacementtherapy. The rates of drop-outto an alterna-
tive modality of renal replacement are unpredictable and
can beindependent of patient compliance or the success
of catheterinsertion. Exclusion or censoring of drop-out
attributable to non-catheter-related indications (as in
this study) allows for an estimation of survival probabil-
ity, but canimpart undetected selection bias. Premature
removal of a PDC because of PD-related complications
such as primary failure or poor initial drainage results
in unmeasured confoundingin the analysis of secondary
drainage failure or leakage. Technical survival of PDCs as
defined earlier in this paper is affected by patient will-
ingness to continue PD and by the physician’s advice in
the face of treatment-related complications. In addition,
there is likely to be a significant effect of operator bias
on the reported outcomes and complications.

Although the baseline characteristics of our two study
groups were broadly similar, there were significant differ-
encesin the percentages of patients who had previously
undergone abdominal surgery and PDCinsertion. Those
differences could be relevant in the assessment of out-
comes, because adhesions secondary to earlier surgery
or peritonitis may contribute to PDC dysfunction. We
therefore carried out a subgroup analysis, which showed
that, in a cohort of patients with no prior abdominal
surgery, technical survivalafter percutaneous PDCinser-
tion still compared favorably with that after surgical PDC
insertion. The results of that analysis will be reportedina
separate paper (Medani S, Hussein W, Shantier M, Wall C,
Mellotte G. Comparison of percutaneous and open surgi-
caltechniques for first-time peritoneal dialysis catheter
placementin the unbreached peritoneum. Presented at
the Irish Nephrology Society Annual Meeting, 13 May
2011, Dublin).

Inthe present retrospective comparative analysis, we
excluded catheterinsertions for patients whose medical
notes were incomplete. However, of 333 PDCinsertions,
only 14 (4.2%) were excluded because of missing data.

The time to catheter use post-insertion was not
standardized. We believe that the latter factor might
have contributed to the difference seen in the rates of
pericatheter leakage between the groups. The average
interval between catheter placement and use was 5.5
daysin group P and 8 days in group S.

Clinical data on exit-site infections were not consis-
tently recorded. Swabs were usually sent when pericath-
eter erythema or a purulent discharge was detected. We
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report the rates of positive exit-site cultures. Given the
retrospective nature of the analysis, those rates may not
accurately reflect acute exit-site infection rates, because
routine re-swabhing in patients previously treated foran
exit-siteinfection orin colonized patients without active
infection may be included.

Length of hospital stay after PDC insertion varied
considerably from patient to patient in both groups,
depending on factors such as comorbidities necessitat-
inginpatient treatment, initiation of pre-transplantation
work-up, and social and community support arrange-
ments when needed. Significantly more patients in
group S had PCKD, but whether that difference is
relevant to the study outcomes is unknown. Small
retrospective studies have shown no differences in
technical survival and peritonitis rates between PCKD
patients receiving PD and matched nondiabetic control
subjects (34,35).

Lastly, the percutaneous insertions included in the
study date back to 1998, but the surgical insertions
were those logged from 2003, after commencement
of dual recording of insertions. For future prospective
studies, a carefully designed computerized database
system could provide the means for better monitoring
of outcomes, thereby addressing some of the fore-
going limitations.

CONCLUSIONS

Percutaneous PDC placement compares favorably
with the open surgical technique in terms of technical
survival and overall complication rates. The interplay
of patient factors, selection bias, and physician pref-
erences may affect measured outcomes, and studies
eliminating those confounders are warranted. Local
facilities and operator skills should continue to dictate
practices in PDC insertion until randomized and, ide-
ally, multicenter prospective studies are conducted in
suitable patients to establish whether any particular
technique is superior. The percutaneous Seldinger
method offers the advantage of ease of insertion
with cost-effectiveness and can be performed as a
day procedure.

We recommend the implementation of formal train-
ing of nephrology trainees in this bedside insertion
technique, particularly in health care systems with
limited resources.
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