
Clinical Radiology (2008) 63, 888e894
The UK nephrostomy audit. Can a voluntary
registry produce robust performance data?
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AIM: To investigate the effectiveness of the Royal College of Radiologists Audit Sub-Committee’s national prospec-

tive registry of percutaneous nephrostomy, which enables participants to audit their practice and compare
performance with predetermined standards.

METHODS: Following a limited retrospective audit, which permitted setting of achievable targets, a dataset was
developed and all UK NHS acute hospitals were invited to participate in web-based prospective data collection.

RESULTS: Eighty-five out of 285 (29.8%) hospitals contributed 3262 cases over a 29 month period. A satisfactory level
of performance was achieved with an overall technical success rate of 98% and a complication rate of 6.3%. Significant
risk factors for complications included rigors, anaemia, and impaired renal function. Low frequency operators were
shown to have a lower technical success rate and a higher complication rate than high frequency operators; however,
target thresholds were exceeded in all groups. Sepsis was identified as a risk factor in the majority of serious
complications and all deaths. Some anomalous results were found due to unusual interpretation of the data entry form
in two centres, but no evidence of under-performance was identified at any centre.

CONCLUSIONS: Some weaknesses of the registry are discussed. In view of the low response rate, the possibility of
significant bias cannot be excluded. In addition, there is no objective verification of the data; therefore, the results
have limited credibility. However, individual centres that accurately completed a representative sample of cases can
have confidence that their performance achieves an acceptable standard.
ª 2008 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

The requirement for departments of radiology and
individual radiologists to provide performance and
outcome data is becoming more widely accepted.1,2

However, few robust databases from which to
derive such data and compare with national norms
exist. In 2004, the Royal College of Radiologists Clin-
ical Radiology Audit Sub-Committee (CRASC), with
the approval of the British Society of Interventional
Radiology, established a UK national nephrostomy
registry, with the aim of comparing UK practice
with published standards and enabling individual
departments to audit their performance against
national standards.
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Percutaneous nephrostomy was selected as an
appropriate topic for national audit because it is
a common interventional procedure that is
undertaken in most UK radiology departments in
substantial numbers, by non-specialist radiologists,
as well as by specialist uro- and interventional
radiologists. It may be required as an emergency
in septic patients and it carries the risk of bleeding
and other complications, such that there is a mea-
surable rate of major and minor complications.
Published series from specialist centres exist from
which acceptable and achievable complication
rates can be derived.3e8
Materials and methods

An initial retrospective pilot audit was undertakenby
the CRASC involving case note review. Nine depart-
ments tookpart (four teaching, fourvery largeacute,
and one small/medium acute hospitals). They were
ogists. Published by Elsevier Ltd. All rights reserved.
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Table 2 Targets for the prospective audit, based on pub-
lished literature and results of pilot audit

Parameter Acceptable Achievable

1. Technical success rate �88% �94%
2. Major complication rate �8% �5%
3. Minor complication rate �15% �12%
4. Repeat rate �20% �10%
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asked to report on their last 25 consecutive cases.
However, three reported on more than 25, yielding
260cases.The resultsof thepilotaregiven inTable1.
These data, along with data from published series,
were used to derive performance standards for the
prospective audit (Table 2).

A dataset (appendix 1) was generated, which was
designed for rapid completion using an online
system. There was an inevitable compromise
between brevity and thoroughness. Information on
potential risk factors, operator experience, proce-
dural data, and complications was gathered. The
National Cancer Services Analysis Team (NATCAN-
SAT) (www.canceruk.net) was commissioned to
write the software to support the data collection
process. The software was a web-based application,
providing a standardized approach to data collec-
tion, with the use of drop down menus and a mini-
mum of free-text fields, and avoiding the need for
participants to download or install any software.
The website was written in Microsoft ASP and data
was stored in a Microsoft Access database (www.
microsoft.com). NATCANSAT also provided tele-
phone and e-mail helpdesk support to participants
between the hours of 9 ame5:30 pm MondayeFriday
for the duration of the audit. For confidentiality
reasons, no patient identifiable data items, such
as name, NHS number, or address/postcode, were
recorded. Confidence intervals were calculated
using CIA software version 2.0.0 (http://www.
medschool.soton.ac.uk/cia/main.htm).

The radiology audit lead at 285 UK NHS acute
hospitals was contacted by post and e-mail and
asked to participate in the data collection. All
patients undergoing percutaneous nephrostomy for
drainage or for ureteric stent placement were
eligible for inclusion. Patients undergoing percuta-
neous nephrolithotomy were excluded because of
the greater potential for complications in this group.
Table 1 Targets and outcome data from retrospective
pilot audit comprising 260 cases at nine hospitals

Parameter Recommendation
(based on
published
series)3e8

Target Result 95%
Confidence
interval

1. Technical
success rate

88e99% �88% 97% 95e99%

2. Major
complication
rate

4e8% �8% 2% 0e4%

3. Minor
complication
rate

3e15% �15% 7% 3e11%

4. Procedure
repeat rate

1e33% �20% 6% 4e8%
Results

Eighty-five out of 285 hospitals (overall response
rate 29.8%) contributed 3262 cases (median 28 per
hospital, range 1e215) between August 2004 and
December 2006. Some datasets were incomplete;
therefore, the sample size is somewhat smaller for
most parameters. Median patient age (1st quartile,
3rd quartile) was 68.5 (56.5, 77.5) years.

The indication for nephrostomy is given in
Table 3. Ureteric obstruction was present in
2899 cases, suspected in a further 195 but was
absent in 156, mainly trauma and iatrogenic fistu-
lae. Of those with ureteric obstruction, pelvi-
calyceal dilatation was moderate or severe in
2088, mild in 655 and absent in 41.

Risk factors, including evidence of systemic
infection, anaemia, coagulation and platelet abnor-
malities, serum creatinine, and potassium are given
in Table 4. Predictably, a high proportion of patients
had impaired renal function.

The timing of the procedure in relation to normal
working hours is given in Table 5 and the type of
procedure in Table 6. Approximately 20% of proce-
dures were done outside normal working hours,
mostly evenings and weekends. Nephrostomy was
rarely required during normal hours of sleep. About
20% of procedures were bilateral and 3% involved
a transplant. About 20% involved a ureteric stent
placement or attempted placement.

The grade and specialty of operator are given in
Table 7. The great majority of procedures were done
by consultant interventional or uroradiologists.

Aspects of technique are described in Table 8.
Most cases were performed using local anaesthe-
sia, with or without sedation, using a ‘‘needle
and wire’’ technique under ultrasound and
Table 3 Indications for nephrostomy

Indication for nephrostomy Number

Benign stricture 268
Calculi 604
Malignancy 1638
Trauma 29
Not known 441
Other 265
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Table 4 Risk factors

Temperature N Risk of
complications (%)

Normal 1566 6.6
Elevated 588 4.6a

Rigors 78 10.3a

Platelets (�109/l)
Not known 275
>80,000 2287 5.7
40,000e80,000 294 7.8
<40,000 386 7.8

INR
Not known 577
<1.3 2250 6.0
1.3e1.5 304 8.0
>1.5 105 5.7

Haemoglobin (g/dl)
Not known 265
>11 1322 5.1b

8e11 1507 6.6
<8 151 9.9b

Creatinine (mmol/l)
Not known 156
<110 658 4.4c

111e200 720 5.5
>200 1681 7.3c

Potassium (mmol/l)
Not known 320
3.5e5 1692 6.0
5.1e7 779 6.8
>7 58 8.6

INR, international normalized ratio.
a Difference 5.6% 95% CI: 0.3e14.5%.
b Difference 4.8% 95% CI: 0.9e10.9%.
c Difference 2.9%. 95% CI: 0.7e4.7%.

Table 6 Name of procedure

Unilateral drainage 2192
þantegrade stent 334
þattempted stent 42

Bilateral drainage 499
þantegrade stent 94
þattempted stent 11

Transplant 81
þantegrade stent 8
þattempted stent 2
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fluoroscopy guidance. Typically, 8 F locking pigtail
catheters were used.

Procedural success was achieved in 3190 and
failure was recorded in 57 (outcome was not known
or not recorded in 18). This technical success rate
Table 5 Timing of procedure

Time Total Complication

MoneFri
9e5 2668 160
5e12 316 24
12e9 22 2

SateSun
9e5 149 8
5e12 90 7
12e9 7 1

Bank holiday
9e5 5 0
5e12 2 1
12e9 1 0
of 98% was substantially better than the target
threshold of 94% success. Procedural success was
not related to nephrostomy technique or to method
of imaging guidance. However, there was a relation-
ship between operator experience and procedural
success, those operators doing more than 20
procedures per year being significantly less likely
to fail than those doing fewer than 10 procedures
per year. Despite that, even low-frequency opera-
tors achieved a satisfactory success rate of 97.1%,
well above the target (Table 9). The procedural
failure rate was significantly higher in cases with
no pelvicalyceal dilatation (17%) compared with
those with mild (1.4%), moderate (1.2%), and
severe (1.4%) dilatation (difference 15.7%, 95% CI
7e30%).

One or more complications were reported in 203
cases and no complication was reported in 3034
cases (no response in 45), giving an overall
complication rate of 6.3%. Complications are listed
in Table 10. Most were minor. Ten complications
resulted in major therapy and there were four
deaths. Sepsis was a factor in all the deaths and
in the majority of major complications.

Several factors were identified that were asso-
ciated with a higher complication rate (Table 4).
These included anaemia, rigors (compared with
raised temperature only), and raised serum
Table 7 Grade and specialty of operator

Grade
Consultant 2824
SpR (Cons present) 184
SpR (Cons not present) 101
SpR (not stated) 152
Other 3

Specialty
Interventional radiologist 1622
Uroradiologist 689
General radiologist 458
Urologist 12

SpR, specialist registrar; cons, consultant.



Table 8 Aspects of technique

Sedo-analgesia
Local anaesthesia only 1523
Local anaesthesiaþ sedation 1630
General anaesthesia 105

Antibiotic use
Yes 2024
No 1226

Access Technique
Needle and wire 2606
Single puncture 392
Double puncture 249

Imaging
Ultrasound and fluoroscopy 2635
Ultrasound freehand 402
Ultrasoundþ guide 77
Fluoroscopy only 109
Computed tomography 21

Table 10 Complications and outcomes

No complication 3034
Total of cases with one or more
complications

203 (6.3%)
target 12%

Catheter displacement/malposition 69
Minor haemorrhage 63
Major haemorrhage 5
Septicaemia 31
Urinoma 6
Pneumothorax 2
Other 62

Outcomes
No therapy, no consequence 69
Minor therapy, no consequence 67
Therapy, minor consequences 35
Major therapy 10

Sepsis 7
Major haemorrhage 1
Catheter misplacement 2

Death 4
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creatinine. Low-frequency operators reported sig-
nificantly more complications (9.7%) than medium
(4.3%) or high (6.2%) frequency operators [differ-
ences 5.4% (95% CI 2.5e8.5%) and 3.5% (95% CI
1e6.6%) respectively].

The other potential risk factors that were
recorded were not associated with significantly
higher complication rates. Procedures done out-
side normal working hours were not associated
with a significantly different complication rate
(43/587: 7.3%) compared with those done during
working hours (186/2647: 6.3%). Cases in which
antibiotics were given did not have a different
complication rate from those in which antibiotics
were not used (6.4% versus 6.2%).

Analysis of the complication rate of each con-
tributing centre identified two trusts that reported
complication rates significantly greater than the
mean (Figure 1). Review of these outliers indicated
that there was local variation in interpretation of
the data form. In particular, one centre had a
particularly low threshold for reporting minor hae-
morrhage as a complication. The other outlier had
recorded every nephrostomy tube that subse-
quently became accidentally dislodged at an inter-
val after the procedure as a complication, whereas
the majority of contributors recorded only events
Table 9 Success related to operator experience

Cases per year Success Failure Unknown

<10 470 14 (2.9%)a 3
10e20 823 15 (1.8%) 2
>20 1889 28 (1.5%)a 13

a Difference¼ 1.4% 95% CI 0.1e3.4%.
that occurred at the time of initial tube
placement.

A significant difference was observed in the
reported rate of catheter dislodgement or malpo-
sition of non-locking catheters (4/701, 0.6%)
compared with locking catheters (64/2490, 2.6%;
95% CI for difference 1e2.8%). It is clear that this is
a spurious difference that stems from the unusual
interpretation of the data entry form in the second
outlier.

The procedure repeat rate was measured from
the database; 176/3262 (5.4%) patients underwent
repeat nephrostomy drainage on the ipsilateral
kidney within 30 days of the initial procedure,
excluding repeat procedures for stent placement.
This is within the target of 10%, but is likely to be
an underestimate of the true repeat rate due to
incompleteness of the database.
Discussion

Individual doctors have a duty, defined by the
General Medical Council, to audit their own per-
formance. New regulations will apply the same
duty to entire Departments of Clinical Radiology.
However, few national resources exist to enable
this process to take place effectively. This national
audit, undertaken by the CRASC with the approval
of the British Society of Interventional Radiology,
was intended to address this deficiency.

A substantial body of data was submitted to the
registry. Over 3200 cases were accumulated over
a period of 26 months. However, it is clear that this
is a far from complete sample of national practice.
A few departments contributed data on all, or
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Figure 1 Funnel chart of percentage of complications at each hospital. The value of this variable is greater than
that of the upper control limit (UCL corresponding to 99.8% CI) at hospitals 11 and 117.
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nearly all, their cases. A larger number of hospitals
contributed only a small proportion of their cases
and most contributed none at all. Fewer than 30%
of the acute hospitals that were contacted con-
tributed any data. Objective independent scrutiny
of each operator’s returns is impossible, so there is
no way to assess the completeness and accuracy of
the submitted data. Therefore, it is impossible to
know how representative the data are. However,
the results are very similar to previously published
single-centre experience.3

Assuming the results in the database are repre-
sentative of UK practice, standards of practice are
acceptably high. This is reassuring to those
operators who have conscientiously completed
a substantial number of data entries. A difference
can be detected between high-frequency opera-
tors and low-frequency operators. However, the
results achieved by the low-frequency operators
are satisfactory and exceed the pre-determined
targets. Thus the data do not provide justification
for centralization of nephrostomy provision.

Despite efforts at the outset to produce a simple
dataset, it is apparent that some contributors
interpreted the form differently from others.
This demonstrates the near-impossibility of de-
vising a form that is unambiguous, while at the
same time maintaining brevity such that individ-
uals are not deterred from contributing by the
length of the form.

This audit concerned the nephrostomy proce-
dure. It did not address the wider issue of alterna-
tive approaches to management of ureteric
obstruction.9 In particular, the question of whether
retrograde ureteric stent placement was consid-
ered or attempted prior to nephrostomy was not
asked. Any future re-audit should address this
deficiency in order to establish the relative avail-
ability, success, and complications of the alterna-
tive treatment methods.

Does the database reveal any deficiencies in
current practice that may be addressed in order to
further improve outcomes? The occurrence of
rigors, but not simply elevated temperature, was
identified as a risk factor for complications.
Furthermore, sepsis was identified as a factor in
all the deaths and in the majority of the major
complications, mirroring the finding of previous
single-centre audits8,10 Although the data do not
permit any comment on the management of sepsis
in individual cases, it highlights the severity of this
as a risk factor and emphasizes the need for
appropriately prompt and aggressive management.

The demonstration of outliers in the complica-
tion rate raises a number of questions. It is clear
that these resulted from particularly conscientious
data collection, and not in any way from sub-
standard practice. No evidence of underperform-
ance at any centre was identified in this audit.
However, the data are not sufficiently robust to
permit patients, purchasers, or regulatory author-
ities to make any inference about the standard of
nephrostomy provision of any centre. It is possible
that the audit has failed to detect underperforming
centres. Accurate evaluation of an individual cen-
tre requires a substantial number of conscientiously
completed forms. Operators in those hospitals that
contributed a sufficient number of representative
cases, accurately completed, can be confident that
their performance is in line with national standards.
A registry in which external bodies could have
confidence would require independent validation



Appendix (continued )

Serum potassium: 3.5e5
5e7
>7
Not known

Timing: MoneFri 9 ame5 pm
MoneFri 5 pme12 am
MoneFri 12 ame9 am
SateSun 9 ame5 pm
SateSun 5 pme12 am
SateSun 12 ame9 am

Procedure: Unilateral nephrostomy
Unilateral nephrostomyþ
antegrade stent
Bilateral nephrostomies
Bilateral nephrostomyþ
antegrade stent
Transplant nephrostomy
Transplant nephrostomyþ
antegrade stent
Attempted stentþ unilateral
nephrostomy
Attempted stentþ bilateral
nephrostomies
Attempted stentþ transplant
nephrostomy

Side (if applicable): Right
Left
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of data entries for accuracy and completeness. This
would require significant investment in resources
and a higher degree of commitment. However,
others have shown that this is achievable,11 and if
current trends continue, this level of scrutiny may
become mandatory in the future.

In summary, CRASC and NATCANSAT developed
and provided a national registry of nephrostomy
practice to enable individual departments to audit
their outcomes. After two years of data acquisi-
tion, a substantial quantity of data was generated,
albeit far from complete. Data analysis has
demonstrated a satisfactorily high level of perfor-
mance nationally with outcomes well within pre-
determined targets.

Acknowledgement

The contribution of all those who submitted data
to the registry is gratefully acknowledged.

Appendix 1: Data collection proforma
Patient number (or c/s label):
Date of birth: _/_/__
Procedure date: _/_/__
Obstruction: Yes

No
Suspected

If yes, kidney dilation: None
Mild
Moderate
Severe

Pathology: Benign stricture
Calculi
Malignant neoplasm
Trauma
Other [please specify
________________]
Not known

Temperature: Normal
Elevated
Rigors

Platelets: <40,000
40,000e80,000
>80,000
Not known

Coagulation INR: <1.3
1.3e1.5
>1.5
Not known

Haemoglobin: <8 g
8e11 g
>11 g
Not known

Creatinine: <110
111e200
>200
Not known

Patient number (or c/s label):
Operator grade: Consultant

Specialist registrar
Other

If consultant, specify: Uroradiologist
Interventional radiologist
General radiologist
Urologist

If specialist registrar,
specify year:

1 2 3 4 5 6

Operator experience: <10 nephrostomies per year
10e20 nephrostomies per year
>20 nephrostomies per year
Other

Antibiotic: Yes [please specify
__________________]
No

Analgesia: Local anaesthesia only
Local anaesthesiaþ sedation
General anaesthesia
If sedation, please specify
____________________

Access: Single puncture technique
Double puncture technique
Needle and wire technique

Guidance: Ultrasound only-freehand
Ultrasound only-with guide
Fluoroscopy only
Ultrasound and fluoroscopy
Computed tomography

Tube: Locking
Non-locking

Tube size: 7 Fr 8 Fr 9 Fr 10
Fr 12 Fr 14Fr
If other, please specify
____________________

(continued on next page)



Appendix (continued)

Duration: <30 min
30e60 min
>60 min

Success: Yes
No
Not known

Complications: Yes No
If Yes,
please specify:

Catheter dislodgement
or malposition
Haemorrhage
Severe haemorrhage
Septicaemia or shock
Urinoma
Pneumothorax
If other, please specify
______________________

Consequence: No therapy or consequence
Minimal therapy,
no consequence
Therapyþminor consequence
Major therapy
Permanent adverse sequelae
Death
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