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Abstract

Background ERAS guidelines recommend early removal of urinary drainage after colorectal surgery to reduce the risk of
catheter-associated urinary tract infections (CAUTI). Another recommendation is the postoperative use of epidural analgesia
(EA). In many types of surgery, EA was shown to increase the risk of postoperative urinary retention (POUR). This study
determines the impact of early urinary catheter removal on the incidence of POUR and CAUTI under EA after colorectal surgery.
Methods Eligible patients were scheduled for colorectal surgery within the local ERAS protocol between April 2015 and
September 2016. Urinary drainage was removed on the first postoperative day while EA was still in place (early removal group
(ER)). The incidences of POUR and CAUTIs were recorded prospectively. Results were compared with a historical control (CG),
which was operated between October 2013 and March 2015.

Results POUR occurred significantly more often in the ER (ER 7.8%; CG 2.6%), while CAUTIs were significantly less frequent
in the ER (13.8%) compared with the CG (30.4%). Patients who developed POUR were characterised by a significantly higher
rate of abdominoperineal resections, by a higher frequency of rectal cancer, and a higher male-to-female ratio compared with
patients who did not develop POUR.

Conclusion Early removal of urinary drainage after colorectal surgery while EA is still in place is feasible; it reduces the incidence
of CAUTI but increases the risk of POUR. Thus, screening for POUR in patients with failure to void after six to 8 h is mandatory
under these clinical conditions.

Keywords urinary retention - catheter associated urinary tract infection - urinary drainage - epidural analgesia - enhanced recovery
after surgery

Introduction

The development and implementation of enhanced recovery
after surgery (ERAS) programmes in colorectal surgery during
the last 25 years have been associated with a significant de-
crease in non-surgical complications and length of hospital stay
[1, 2]. Although ERAS protocols show considerable heteroge-
neity concerning the number of included items and their prac-
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tical implementation, regional techniques for intra- and postop-
erative analgesia and early ambulation are key features of the
majority of ERAS protocols and compliance with these items is
high [3]. Intra- and postoperative EA has been shown to favour
the early onset of bowel movements and to provide superior
pain relief in both open and laparoscopic procedures [4, 5].
However, it is also associated with significant negative side
effects including arterial hypotension, increased incidence of
pruritus, and a higher frequency of urinary retention. EA has
also been reported to influence urodynamic parameters and to
be a risk factor for POUR [6].

The perioperative use of indwelling urinary tract catheters
is frequent in abdominal, and especially in colorectal surgery,
in order to improve the exposure in the pelvis and to guide
intraoperative fluid management. After major abdominal sur-
gery under EA, it is currently clinical practice to leave the
urinary catheter in place postoperatively to prevent urinary
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retention [7, 8]. Moreover, continuous monitoring of urine
production offers the possibility of assessing renal function
and is a valuable tool for postoperative fluid management.
However, persistent postoperative catheterisation can have
several significant side effects. Prolonged postoperative cath-
eterisation results in an increased risk of postoperative CAUTI
as approximately 50 % of patients with postoperative bladder
catheterisation persisting for more than four days develop
bacteriuria or candiduria [9—-11]. After two days of persistent
bladder catheterisation, the frequency of urinary tract infec-
tions increases twofold [12]. In addition, transurethral cathe-
terisation is associated with significant discomfort and pain,
potentially resulting in decreased mobilisation and ambulation
[13—15]. These latter side effects impede the efficacy of ERAS
programmes which is one reason that current European ERAS
Guidelines recommend early removal of transurethral cathe-
ters after colorectal surgery [16, 17]. Moreover, both
European and American infection control institutions advo-
cate early removal of indwelling bladder catheters after ab-
dominal surgery, except in situations with appropriate indica-
tions for continued bladder drainage [18, 19].

Given the strong recommendations for early postoperative
removal of urinary catheters, the Department of Surgery at the
Universititsmedizin Greifswald revised the colorectal ERAS
protocol in vigour in March 2015. Before this date, urinary
drainage (UD) was continued postoperatively in patients with
EA until the epidural infusion was stopped. From April 2016,
urinary catheters were routinely removed on the first postop-
erative day while EA was still in place. To evaluate the influ-
ence of early catheter removal on the postoperative course, we
prospectively determined the incidence of urinary retention
(UR), catheter reinsertion for other reasons (CI) and
CAUTIs. We compared our findings with a historical control
group which was operated in the same department before
April 2015.

Patients and methods

The study was planned in accordance with the ethical principles
for medical research and has been approved by the Ethical
Committee of the Universitdtsmedizin Greifswald. It is a retro-
spective study of a prospectively collected database and includes
patients who were treated according to the ERAS protocol im-
plemented in the Department of Surgery at the
Universititsmedizin Greifswald. The ERAS protocol defines
perioperative treatment modalities in patients undergoing elective
abdominal surgery of the lower digestive tract and contains the
following items: preoperative: counselling and education, no me-
chanical bowel preparation, curtailed fasting, and carbohydrate
loading; intraoperative: active warming, epidural anaesthesia, re-
striction of intravenous fluids, and restricted indications for the
insertion of nasogastric tubes; postoperative: early oral fluids and

@ Springer

diet, fluid restriction, early postoperative mobilisation on postop-
erative day 1, restriction of postoperative opioids, oral laxatives,
and continuation of EA.

Patients

Prospective data were collected after a modified ERAS proto-
col was implemented in standard patient care from April 2015
until September 2016. The modification concerned early re-
moval of the indwelling urinary catheters on the first postop-
erative day. Only elective patients having both a transurethral
catheter inserted on the day of surgery and EA were included.
Exclusion criteria comprised of patients with pre-existing UD,
pre-existing urinary incontinence, and intraoperative bladder
resections/damage requiring prolonged UD. Patients with
suprapubic catheters were also generally excluded. As a his-
torical control cohort, we analysed patients with EA who were
treated according to the former ERAS programme between
October 2013 and March 2015. At that time, the indwelling
catheter was routinely removed only after discontinuation of
the EA.

Treatment

Perioperative antibiotic prophylaxis was given to all patients.
A Foley catheter was inserted in the operating room after the
induction of anaesthesia by a member of the operating team.
Postoperatively, all patients were transferred to the surgical
intermediate care unit for at least 24 h. The epidural catheter
was inserted before the induction of anaesthesia on the day of
surgery by the anaesthetist. Ropivacain (0.2%), either with or
without sufentanyl (100 pg/200 ml), was administered via a
patient-controlled epidural anaesthesia (PCEA) technique.
The basal rate was titrated by a pain team, and patients could
self-administer a bolus of analgesics in the case of break-
through pain. The insertion site of the catheter was checked
twice daily by the pain team, and pain scores were assessed by
the ward team every 8 h using a visual analogue scale (1-10).
The epidural catheter was removed on postoperative day 4
unless the patient reported a pain score of > 3 after reduction
of the EA or the insertion site showed signs of infection. UD
was systematically removed at postoperative day 1 in the ER
group. In the CG, UD was removed only after discontinuation
of the EA.

Primary and secondary outcome measures

The primary outcome measures was the frequency of UR,
while secondary outcome measures were the frequency of
reinsertion of an indwelling catheter, the frequency of
CAUTI, and the frequency of pyuria.

Urinary retention was defined as a bladder volume of more
than 600 ml. In the ER, a bladder ultrasound was routinely
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performed 6 h after catheter removal. When bladder volume
was higher than 500 ml and the patient had no sensation to
void, re-catheterisation was performed after one further hour
without voiding. The reasons for catheter reinsertions not
complying with the criteria described above were document-
ed. The final decision as to whether or not to reinsert an in-
dwelling catheter was left to the team of treating surgeons.

Urine samples were not collected routinely for all patients
but only for those patients where a urinary tract infection
(UTI) was clinically suspected. UTI was defined according
to the CDC definitions from 1988 [20]. Pyuria was defined
as the presence of ten or more white cells per cubic millimetre
in a urine specimen as assessed by urinary dipstick based on
the presence of leukocyte esterase [21].

Data collection

Data from the ER group were collected prospectively by the
team of treating surgeons. Clinicopathological parameters in-
cluding patient demographics, diagnosis, history of prostatism
and medication for benign prostatic hypertrophy, previous
neoadjuvant therapy, co-morbidities (diabetes mellitus, neuro-
logical disorders), co-medication, previous abdominal surgery
and pre-existing medications susceptible to favour UR as well
as intraoperative (type of surgery, operative time, periopera-
tive fluid administration) and postoperative details (time of
catheter removal, time of first spontaneous micturition, UR,
UTI and length of hospital stay) were prospectively collected
postoperatively. In the CG where the patients were treated
according to the same ERAS protocol except for early catheter
removal, data were collected retrospectively from the elec-
tronic patient records.

Statistics

Categorical variables were described using frequency mea-
sures. Continuous variables were described using the non-
parametric measures median and interquartile range. For the
univariate comparison of categorical variables, the Chi square
test was applied; while for the continuous variables, the non-
parametric Mann-Whitney U test was applied. A threshold of
p < 0.05 was considered to determine statistical significance.
In order to determine associations between clinicopathologi-
cal parameters and the occurrence of primary and secondary
endpoints, univariate regression was used. For multivariate
comparison, multivariate two-sample configural frequency
analysis was performed. Statistical analysis was conducted
using SPSS software version 17.0 (IBM Inc., Armonk, NY)
with the exception of multivariate two-sample configural fre-
quency analysis which was performed using BiAS 11.10 (ep-
silon-Verlag/ University of Frankfurt, Germany).

Results
Patient characteristics

A total of 124 patients who underwent colorectal surgery be-
tween April 1, 2015, and September 30, 2016 were treated
according to the modified ERAS protocol including early re-
moval of UD on the first postoperative day (POD1). Eight
patients were excluded from the analysis due to the fact that
seven of them required prolonged postoperative screening of
urine output due to persistent arterial hypotension, while the
other patient developed haematuria requiring bladder irriga-
tion. Thus, 116 patients were available for analysis in the ER
group. A total of 115 patients who underwent colorectal sur-
gery between October 1, 2013, and March 31, 2015 were
included in the CG. The main patient and treatment character-
istics are shown in Table 1. There were no statistically signif-
icant differences between the two groups except for operation
time and volume infused during anaesthesia. Both parameters
were significantly lower in the ER group. In the CG, the UD
was removed after 7.1 = 13.9 days, while it was discontinued
after 18.3 + 2.6 h in the ER group.

Frequency of catheter reinsertion and urinary retention

A transurethral catheter was reinserted in three patients (2.6%)
in the CG and 26 patients (22.4%) in the ER group. Detailed
analysis of the reasons for catheter reinsertion revealed that in
the ER group, only nine patients (7.8%) experienced UR.
Reasons for catheter reinsertions comprised patient com-
plaints (three patients (2.6%)), re-occurrence of the necessity
to screen urinary output in seven patients (6.0%), and the
individual decision of the surgeon on-call without ultrasound
screening of the bladder in seven further patients (6.0%). In
those patients in the ER group who did not require re-cathe-
terisation, the first micturition occurred after 5.3 £ 5.0 h. In
those patients who experienced UR, the urinary catheter was
reinserted 15.9 4+ 8.9 h after initial removal of UD. The mean
urine volume after bladder catheterisation in ER patients suf-
fering from UR was 656 + 191 ml. In the CG, all three cases of
catheter reinsertion were due to UR. The mean urine volume
after bladder catheterisation in this group was 850 = 70 mlL
Table 2 summarises the outcome data concerning the occur-
rence of catheter reinsertion and UR.

Since the risk of developing POUR is higher in patients
undergoing rectal surgery than in those undergoing colon sur-
gery [22, 23], we compared these patients’ groups in the ER
and CG separately (Table 2). Interestingly, while the differ-
ences in the frequency of catheter reinsertion and the inci-
dence of UTI remained highly significant in patients after
rectal surgery, colon cancer patients of the ER showed no
statistically significant increase in the incidence of UR com-
pared with colon cancer patients in the CG.
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Table 1  Demographic and perioperative data (n = 231)
Control group  Early removal p
(ER) group
Age (years) 66.3+12.8 63.5+11.5  0.078
BMI (kg/m?) 272+4.1 274+56  0.730
Gender
Male (%) 66 (57.4) 53 (45.7) 0.087
Female (%) 49 (42.6) 63 (54.3)
Diagnosis
Benign 28 (24.3) 40 (34.5)  0.112
Malignant 87 (75.7) 76 (65.5)
Adenocarcinoma
Right hemicolon 24 (20.9) 31 (26.7) 0.273
Left hemicolon 6(5.2) 2(1.7)
Sigma 15 (13.0) 17 (14.7)
Rectum > 5 cm 30 (26.1) 26 (22.4)
Rectum < 5 cm 6(5.2) 9 (7.8)
Other 0(0) 1(0.9)
Benign diseases of the 26 (22.6) 19 (16.4)
colorectum
Presence of colostomy 7 (6.1) 54.3)
Others 1(0.9) 6(5.2)
Neoadjuvant therapy
Yes 21 (18.3) 21 (18.1) 1.0
No 94 (81.4) 95 (81.9)
Type of surgery
Right colectomy 24 (20.9) 34 (29.3) 0.108
Left colectomy 6(5.2) 2 (1.7)
Anterior resection 64 (55.7) 54 (46.6)
Abdominoperineal 9 (7.8) 12 (10.3)
resection
Other colon resection 4 (3.5) 3(2.6)
Re-established intestinal 8 (7.0) 6(5.2)
continuity
No bowel resection 0 (0) 54.3)
Type of access
Open 90 (78.3) 79 (68.1) 0.102
Laparoscopic 25 (21.7) 37 (31.9)
Duration of surgery (min) 141.5+70.2 117.5+£53.3 <0.05

Intraoperative fluids (ml) 26059 £970.9 1723.1 £690.0 <0.05

Catheter level of insertion

High (Th6-8) 48 (42.5) 45 (38.8) 0.294
Middle (Th9-12) 58 (51.3) 68 (58.6)
Low (Th12-LWK3) 7(6.2) 3(2.6)

Time to removal of urinary 7.1£13.9 1.0£0 <0.05

catheter

Frequency of urinary tract infection

In the ER group, 16 patients (13.9%) experienced an UTI,
while in the CG, 35 patients (30.4%) suffered from a UTIL.
Pyuria was diagnosed in 14 (12.2%) and 22 (19.1%) patients
in the ER and CG, respectively. Pyuria and positive urine
culture were present in two (1.7%) in the ER and 13
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(11.3%) patients in the CG. Antibiotic treatment for the indi-
cation ‘urinary tract infection” was given to five patients
(4.3%) in the ER and 21 patients (18.3%) in the CG
(Table 2). These differences were highly significant.
When patients of the CG and ER after rectal and colon surgery
were compared separately, this significant reduction in UTIs
was only observed in patients after rectal surgery. In patients
who had undergone colon surgery in the ER, UTIs were sig-
nificantly less frequently treated by antibiotics compared with
patients after colon surgery in the CG.

Complications

Complications occurred in 38 patients (32.8%) in the ER and
42 patients (36.5%) in the CG. In the ER, 17 complications
(14.7%) were classified as surgical and 21 (18.1%) as non-
surgical complications. In the CG, 25 (21.7%) and 17 (14.8%)
events were classified as surgical and non-surgical complica-
tions, respectively. There were no statistically significant dif-
ferences between the two groups. In both groups, Clavian-
Dindo Grade III complications were the most common. The
distribution of the severity of complications according to the
Clavian-Dindo-Classification did not differ significantly be-
tween both groups (Table 3).

Risk factors for urinary retention

To assess the relevance of previously published risk factors for
UR in our patient group (early removal of UD under persistent
EA), we evaluated the distribution of these items in patients of
the ER with and without UR (Table 4). Among all items tested
only male sex, rectal cancer, and abdominoperineal resection
were significantly more common in patients with UR.
Multivariate two-sample configural frequency analysis identi-
fied male patients who had undergone abdominoperineal re-
section as being at particular risk of UR (Table 5). Patients
combining these two characteristics had a relative risk for
developing UR of 10.5 (95% confidence interval 3.8-28.9).

In patients after rectal surgery, male sex, neoadjuvant ther-
apy, and abdominoperineal resection were significantly more
frequent in individuals developing POUR (Table 6). However,
multivariat analysis was not performed due to the low number
of patients in this subgroup.

Discussion

Values for the incidence of POUR vary considerably in the
literature. POUR has been reported to occur in up to 41% of
surgical patients after general anaesthesia [6]. On the other
hand, the incidence of POUR was 2.1% in a mixed surgical
population in a nationwide cohort from the United States.
POUR occurred more frequently in patients undergoing knee,
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Table 2 Frequency of catheter reinsertion, urinary tract infection, and antibiotic treatment (n = 231)
Control group  Early removal p Rectal surgery Colon surgery
(ER) group
Control group  Early removal p Control group  Early removal p
(ER) group (ER) group
Reinsertion of urinary catheter
Yes (%) 3(2.6) 26 (22.4) <0.05 2(2.5) 16 (22.2) <0.05 1(2.9) 10 (22.7) <0.05
No (%) 112 (97.4) 90 (77.6) 79 (97.5) 56 (77.8) 33 (97.1) 34 (77.3)
Motive for catheter reinsertion
No reinsertion 112 (97.4) 90 (77.6) 79 (97.5) 56 (77.8) 33 (97.1) 34 (77.3)
Urinary 3(2.6) 9 (7.8) 2(2.5) 79.7) 1(2.9) 2 (4.5)
retention
Patient 0 3(2.6) <0.05 0 34.2) <0.05 0 0 0.066
complaints
Monitoring of 0 7 (6.0) 0 34.2) 0 49.1)
renal
function
Others 0 7 (6.0) 0 34.2) 0 409.1)
Urinary tract infection
Diagnosis
None 80 (69.6) 100 (86.2) 59 (72.8) 63 (87.5) 21 (61.8) 37 (84.1)
Pyuria 22 (19.1) 14 (12.1) <0.05 12 (14.8) 8 (11.1) <0.05 10 (29.4) 6 (13.6) 0.074
Positive 13 (11.3) 2 (1.7) 10 (12.3) 1(1.4) 3(8.8) 12.3)
urine
culture
Antibiotics for urinary tract infection
Yes 21(18.3) 5@4.3) <0.05 14 (17.3) 34.2) <0.05 7 (20.6) 2 (4.5) <0.05
No 95 (81.7) 111 (95.7) 67 (82.7) 69 (95.8) 27(79.4) 42 (95.5)

hip, or colorectal surgery compared with patients who had
undergone vascular or cardiac surgery [24]. The large varia-
tion in reported incidences of POUR is due to the high hetero-
geneity of patient populations, the surgery performed, and the
anaesthetic techniques applied. Among the anaesthetic tech-
niques reported to favour POUR, EA is particularly promi-
nent. However, EA has also been shown to have numerous
beneficial effects on various postoperative outcome measures
[25]. As a consequence, EA is an important element of many
ERAS protocols. Given the potentially detrimental conse-
quences of POUR [6, 26], it is currently clinical practice to
leave the perioperative UD in place postoperatively until the
EA has been discontinued. In several reviews, EA was found
to be a significant risk factor for POUR [6, 27]. However, the
patient populations considered were heterogeneous
concerning the surgery performed. Moreover, doses of epidu-
ral anaesthetics and the type of epidural opioids varied greatly
between the studies considered. The different locations of
catheter insertion (lumbar versus thoracic) were not consid-
ered separately. In our opinion, this heterogeneity limits the
generalizability of thoracic EA as a risk factor for POUR.
George et al. found POUR to be as frequent in patients receiv-
ing thoracic EA as in patients with intravenous patient-
controlled analgesia (PCA) after upper gastrointestinal sur-
gery [28]. Only two of six recent studies of POUR after

colorectal surgery identified EA as a risk factor [23, 29-33].
In our present study, we report a rate of POUR of 8.7% in the
ER. This is within the range recently reported both in patients
with (reported POUR incidence 9-27%) and without EA (re-
ported POUR incidence 4.8—-41%) after colorectal
surgery [23,29-32,34-44]. These data suggest that EA itself
may not significantly contribute to the risk of POUR after
colorectal surgery.

In our present study, we demonstrate that early removal of
the urinary catheter after colorectal surgery and under EA is
associated with a higher POUR rate. Reported outcomes of
early removal of the urinary catheter after colorectal surgery
with and without EA are heterogeneous. In 1999, Benoist
et al. had reported a higher incidence of POUR in patients
after colorectal surgery but without EA when the UD was
removed at the first postoperative day compared with the fifth
postoperative day [38]. Kwaan et al. found that early removal
of the UD after colorectal surgery resulted in a higher inci-
dence of POUR independently of the presence of EA [30].
Stubbs et al. also found that the early removal of the UD
was a risk factor for POUR [37]. In this study, the presence
of EA was not a risk factor in the development of POUR. In
contrast, Zmora et al. found no correlation between early uri-
nary catheter removal and the incidence of POUR [29]. In a
randomised setting, Patel et al. reported no difference between
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Table 3 Postoperative complications (n = 231) before re-catheterisation would have prevented the rein-
Control group  Early removal (ER) group p sertion of the transurethral catheter and favoured more
(n=115) (n=116) appropriate measures to maintain diuresis, i.e., optimisa-
tion of the volume status. We think that conducting a
Total complications bladder ultrasound before bladder re-catheterisation
Yes (%) 42(36.5) 38(32.8) 058 should be mandatory in order to prevent unnecessary in-
No (%) 73(63.5) 8(67.2) vasive procedures that could potentially cause significant
ClaViZn'Dindo classification complications including CAUTI, urethral trauma and pa-
Guel()  908) MO 072w iscomfort (45]. o
Grade 111 (%) 23 (200) 16 (13.8) Though th.e 1p01dence .Of catheter .remsertlon and
Grade IV (%) 326) 2 (17) POUR was significantly higher in patients of the ER
Grade V (%) 2(17) 109) group, the rc?sults demonstrate a (?lear reduction of
Type of complication CAUTI in this group. Reported .1nc1dences of CAUTI
Surgical (%) 25 QL) 17047 034 after colorectal surgery vary widely. European data
Non-surgical (%) 17 (14.8) 21 (18.1) show CAUTI rates of up to 20% after one day of trans-

early and late UD removal after pelvic colorectal surgery.
However, patients with EA were excluded from this study
[40]. Yoo et al. also reported no difference between early
and late removal of UD after excision for rectal cancer. The
presence of EA was not reported in this study [41]. Finally,
although the reported incidence of POUR after early (20%)
and late (10%) removal of the UD differed considerably,
Coyle et al. found a lack of statistical significance for this
difference [36]. Our results identify early removal of the UD
while the EA is still in place as being a risk factor in the
development of POUR. However, in the majority of patients
(77.6%) discontinuation of the UD at the first postoperative
day while EA was still in place was successful.

Interestingly, we could show that the impact of early re-
moval of UD on the occurrence of POUR while EA was still in
place was particularly pronounced in rectal surgery patients,
while there were no statistically significant differences in the
incidence of POUR in colon surgery patients. This corre-
sponds to the reported lower overall incidence of POUR in
colon surgery patients compared with those who had under-
gone rectal procedures in a setting without EA [22].

Reported compliance with guidelines recommending
early removal of UD after colorectal surgery is reported
to be relatively low, ranging from 47.2% to 69.5% in
colon and rectal surgery, respectively [33]. This probably
indicates the conviction of healthcare workers that POUR
is a frequent complication after colorectal surgery requir-
ing prolonged UD. Although POUR only occurred in
7.8% of patients in the ER group, a urinary catheter was
reinserted in a further 14.6% of patients. A considerable
number of patients (6%) underwent re-catheterisation due
to the absence of spontaneous voiding for longer time
periods judged inadequate by the surgeon in charge. In
these cases, pre-interventional bladder ultrasound was
not performed, and urine volume after catheterisation
was inferior to those defining POUR. Bladder ultrasound

@ Springer

urethral catheterisation [38]. More recent data from
Israel show CAUTI rates of 12% after one day of trans-
urethral catheterisation [29]. This surprisingly high inci-
dence can increase up to 42% after five days of trans-
urethral drainage [38]. In the United States, the
American College of Surgeons’ National Surgical
Quality Improvement Program (NSQIP) was introduced
to reduce postoperative complications including CAUTI,
the incidences which varied from 2.5%—6.8% depending
on the type of colorectal surgery [46]. These consider-
able differences may stem from different definitions of
CAUTI used by the investigators. While the European
data are based on microbiological analysis (> 10° colo-
ny forming units per millilitres, with or without clinical
symptoms), the American investigators used the NSQIP
definitions of CAUTI involving both microbiological
and clinical criteria [46]. In our present study, we de-
scribe a CAUTI incidence of 13.8% in the ER and
30.4% in the CG. These values are lower than those
reported by Benoist et al. [38], most probably due to
the inclusion of clinical symptoms for the diagnosis of
CAUTI in our study. In 2007, treatment of CAUTI gen-
erated total costs between $390-$450 million dollars per
year in the USA [47]. By reducing the duration of post-
operative UD, significant reductions in CAUTI-related
healthcare costs could be achieved [48]. Moreover, the
data in the present study clearly demonstrate that pa-
tients that had their urinary catheter removed early not
only developed fewer UTIs but also required fewer ep-
isodes of antibiotic treatment for CAUTI. Antibiotic us-
age profoundly affects the pattern of local antibiotic
resistance. Intensive usage of antibiotics appears to fa-
vour the development of resistant pathogens, while a
cautious indication of antimicrobial treatment may posi-
tively influence the development of resistance [49].
Thus, early removal of transurethral catheters while
EA is still in place may be an appropriate tool to safely
reduce healthcare related morbidity and CAUTI-related
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Table 4  Univariate analysis of risk factors for urinary retention in ER patients (n = 99)

No urinary retention Urinary retention p
Age (years) 62.4+12.0 64.6 £8.9 0.60
BMI (kg/m?) 274+£55 293 £82 0.35
Gender
Male (%) 38 (82.6) 8(17.4) 0.01
Female (%) 52 (98.1) 1(1.9)
Medication
Present (%) 42 (93.3) 3(6.7) 0.51
Absent (%) 48 (88.9) 6 (11.1)
Diabetes mellitus
Yes (%) 17 (85.0) 3 (15.0) 0.38
No (%) 73 (92.4) 6 (7.6)
Neurological disease
Yes (%) 3(75.0) 1 (25.0) 0.32
No (%) 87 (90.9) 8(9.1)
Previous pelvic surgery
Yes (%) 43 (91.5) 4 (8.5) 1.00
No (%) 47 (90.4) 5(9.6)
Diagnosis
Benign (%) 32 (97.0) 1(3.0) 0.27
Malignant (%) 58 (87.9) 8 (12.1)
Adenocarcinoma
Right hemicolon (%) 25 (96.2) 1(3.8) <0.05
Left hemicolon (%) 1 (100.0) 0(0.0)
Sigma (%) 15 (100.0) 0 (0.0)
Rectum > 5 cm (%) 18 (75.0) 6 (25.0)
Rectum < 5 cm (%) 6 (85.7) 1(14.3)
Other (%) 0(0.0) 1 (100.0)
Benign diseases of the colorectum (%) 17 (100.0) 0(0.0)
Presence of colostomy (%) 4 (100.0) 0(0.0)
Others (%) 4 (100.0) 0 (0.0)
Type of surgery
Right colectomy (%) 28 (96.6) 1(3.4) <0.05
Left colectomy (%) 1 (100.0) 0(0.0)
Anterior resection (%) 45 (93.8) 3(6.2)
Abdominoperineal resection (%) 6 (60.0) 4 (40.0)
Other colon resection (%) 0(0.0) 1 (100.0)
Re-established intestinal continuity (%) 5(100.0) 0(0.0)
No bowel resection (%) 5 (100) 0(0.0)
Surgical approach
Laparoscopic (%) 33 (97.1) 1(2.9) 0.16
Open (%) 57 (87.7) 8 (12.3)
Duration of surgery (min) 118.0 £ 54.2 105.1 £42.2 0.49
Intraoperative fluids (ml) 1661.2 = 630.9 2061.1 +£969.5 0.09
Time to removal of UD (h) 184+2.6 18.7+24 0.87
Catheter level of insertion
High (Th6-8) (%) 36 (97.3) 12.7) 0.11
Middle (Th9-12) (%) 52 (88.1) 7 (11.9)
Low (Th12-LWK3) (%) 2 (66.7) 1(33.3)
costs and could positively influence antibiotic use and Although early removal of the UD was possible in the
the local spectrum of antibiotic resistance. majority of our patients, the occurrence of POUR in 7.8% of
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Table 5 Combined comparison of gender, diagnosis, and type of surgery between ER patients with and without urinary retention using multivariate
two-sample configural frequency analysis
Gender  Type of surgery Patients without urinary retention Patients with urinary retention Sum

n Chi? P n Chi® P Chi? p
Male Re-established intestinal continuity 2 0.02 0.8927 0 0.18 0.6698 0.20 0.6547
Male Anterior resection 20 0.04 0.8424 3 0.4 0.5295 0.44 0.5097
Male Other colon resection 0 091 0.3404 1 9.09 0.0026 10.00  0.0016
Male Abdominoperineal resection 3 1.78 0.1824 4 17.78 0.0000 19.56 < 0.0001
Male Right colectomy 13 0.12 0.7310 0 1.18 0.2770 1.30 0.2542
Female  Re-established intestinal continuity 3 0.03 0.8688 0 0.27 0.6015 0.30 0.5839
Female = No bowel resection 5 0.05 0.8312 0 0.45 0.5002 0.50 0.4795
Female  Anterior resection 25 0.23 0.6336 0 2.27 0.1317 2.50 0.1138
Female  Abdominoperineal resection 3 0.03 0.8688 0 0.27 0.6015 0.30 0.5839
Female  Right colectomy 15 0.01 0.9051 1 0.14 0.7063 0.15 0.6926
Female  Left colectomy 1 0.01 0.9240 0 0.09 0.7630 0.10 0.7518

patients underlines the necessity to identify risk factors in the
development of POUR after colorectal surgery and under EA.
Ideally; the presence of these risk factors should trigger a close
follow-up to detect the presence of POUR. This follow-up
should not be limited to clinical evaluation, since up to 50%
of patients with bladder volumes higher than 600 ml do not
report symptoms of bladder fullness, even in the absence of
EA [50, 51]. At least for the spinal application of high-dose
local anaesthetics, it has been shown that the sensation of
urgency to void is strongly impaired, making the clinical com-
plaints of the patients an unreliable marker for the presence of
POUR [52]. Thus, assessment of bladder volume by ultrasound
should be favoured in order to screen for the presence of POUR
in patients after colorectal surgery and under EA. The best
timepoint for ultrasound screening remains to be determined.
Hu et al. proposed an interval of 8 h postoperatively [53]. Other
authors practiced a 3-hourly interval to screen bladder volume
but did not report the timepoint when re-catheterisation for
POUR occurred [54, 55]. In our study, patients voided sponta-
neously after 5.3 £ 5.0 h. In those patients who experienced
UR, the catheter was reinserted 15.9 + 8.9 h after the initial
removal of UD, suggesting an interval of 6 to 8 h for the first
ultrasound screening in case of failure to void. The presence of
risk factors for POUR may help to identify patients in need of a
denser screening. Numerous risk factors for POUR after colo-
rectal surgery have been described (for review see [6], but also
[30, 31, 34, 36, 37]. In our present study, we could confirm that
male sex, rectal cancer, and certain types of colorectal surgery
were significantly more frequent in patients with POUR.
Interestingly, all patients who developed POUR after
abdominoperineal resection were male. Multivariate analysis
identified male patients after abdominoperineal resection as
being a particularly high-risk group for POUR. Therefore, early
removal of the UD should be undertaken only with caution and
under close monitoring for adequate and timely voiding.

@ Springer

In patients after rectal surgery, POUR was significantly
more frequent in patients after neoadjuvant therapy.
Although a population-based study showed clearly that the
frequency of adverse urinary events after radiotherapy signif-
icantly increased [56], many other investigators did not report
neoadjuvant therapy as being a risk factor for UR after colo-
rectal surgery [23, 30, 31, 34, 35, 41]. We cannot, however,
exclude the possibility that the administration of neoadjuvant
therapy simply reflects the presence of more advanced states
of rectal cancer in our patient cohort.

A major limitation of our study was its non-randomised
design which is associated with a high risk of bias. During
the different periods of data acquisition (ER: April 2015 until
September 2016; CG: October 2013 and March 2015)
anaesthesiological policies changed in favour of a more re-
strictive perioperative fluid management protocol leading to
significantly lower perioperative fluid volumes in the CG. In
addition, laparoscopic techniques and the laparoscopic expe-
rience of the surgeons developed during this period, resulting
in a non-significant increase in the frequency of laparoscopic
procedures and significantly reduced operating times in the
EG. Although no significant differences occurred concerning
the type of surgery performed, some operations, such as ante-
rior resections, showed a tendency to be performed more fre-
quently in the ER. This may be problematic since rectal sur-
gery appears to result in higher incidences of UR than colon
surgery [22, 23]. Other limitations included a relatively small
sample size and the single institution setting. A further poten-
tial limitation of our study is the lack of data on post-void
residuals (PVR) after spontaneous micturition after urinary
catheter removal which could vary between CG and ER.
However, Zaouter et al. showed in a mixed patient population
that although PVR was initially higher and time to reach nor-
mal PVR in ER patients was significantly longer, all patients
finally reached normal PVRs and did not require further
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Table 6 Univariate analysis of risk factors for urinary retention in ER
patients undergoing rectal surgery (n = 63)

No urinary Urinary )2
retention retention
Age (years) 60.1 £11.5 65.6 £6.0 0.23
BMI (kg/m?) 27.6+4.38 303+92 021
Gender
Male (%) 25 (78.1) 7(21.9) < 0.05
Female (%) 31 (100) 0 (0.0)
Medication
Present (%) 28 (93.3) 2(6.7) 0.44
Absent (%) 28 (84.8) 5(15.2)
Diabetes mellitus
Yes (%) 9 (75.0) 3(25.0) 0.12
No (%) 47 (92.2) 4(7.8)
Neurological disease
Yes (%) 1 (50.0) 1 (50.0) 0.21
No (%) 55(90.2) 6(9.8)
Previous pelvic surgery
yes (%) 24 (88.9) 3(11.1) 1.00
no (%) 32(88.9) 4(11.1)
Neoadjuvant therapy
Yes (%) 14 (70.0) 6 (30.0) <0.05
No (%) 42 (97.7) 1(2.3)
Diagnosis
Benign (%) 18 (100.0) 0 (0.0) 0.18
Malignant (%) 38 (84.4) 7 (15.6)
Adenocarcinoma 0.07
Sigma (%) 15 (100.0) 0(0.0)
Rectum > 5 cm (%) 18 (75.0) 6 (25.0)
Rectum < 5 cm (%) 6 (85.7) 1(14.3)
Benign diseases of the 13 (100.0) 0 (0.0)
rectum (%)
Presence of colostomy (%) 4 (100.0) 0 (0.0)
Type of surgery
Anterior resection (%) 45 (93.8) 3(6.2) <0.05
Abdominoperineal 6 (60.0) 4 (40.0)
resection (%)
Re-established intestinal 5(100.0) 0 (0)
continuity (%)
Surgical approach
Laparoscopic (%) 28 (96.6) 1(3.4) 0.11
Open (%) 28 (82.4) 6 (17.6)
Duration of surgery (min) 126.0 £ 57.7 111.9 £43.0 0.54

Intraoperative fluids (ml) 1600.8 £588.5 2042911163 0.10

Time to removal of UD (h) 185+2.6 18.7+2.1 0.80
Catheter level of insertion
High (Th6-8) (%) 20 (100) 0(0) 0.10
Middle (Th9-12) (%) 34 (85.0) 6 (15.0)
Low (Th12-LWK3) (%) 2 (66.7) 1 (33.3)

therapy [55]. This confirms further reports that after a longer
follow-up time, the voiding functions of the bladder after early
removal of UD under EA returned to normal [7].

Conclusion

Our present data show that early removal of the UD after
colorectal surgery and while EA is still in place is feasible.
This approach may constitute an appropriate way to safely
reduce CAUTI-related morbidity and ensuing costs and could
positively influence antibiotic use and the local spectrum of
antibiotic resistance. However, given the increased incidence

of POUR, ultrasound screening must be used to identify pa-
tients developing this complication. Particularly in male pa-
tients after abdominoperineal resection, early removal of UD
should not be practised or should only be attempted under
close monitoring since this group has a significantly increased
risk of developing POUR.
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