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ABSTRACT
Objectives: To determine whether macroscopic haematuria predicts urethrovesical anastomotic leak-
age after robot-assisted laparoscopic radical prostatectomy (RALP) as well as a cystogram.
Patients and methods: Participants were recruited before cystogram and catheter removal 5–14days
after RALP surgery. Urine colour in the collection bag was classified according to a three-step scale
(clear, light red and dark red) and leakages in cystogram were graded with a four-step scale (Grade
0–3). Diagnostic accuracy parameters were calculated for urine colour. A multivariate logistic regres-
sion model was used to evaluate other leakage risk factors.
Results: Of 214 patients, 201 (94%) had clear, six (3%) had light red and seven (3%) had dark red col-
oured urine. In the cystogram, 20 (9%) patients had leakage; 14 had Grade 1, five Grade 2 and one
Grade 3 leakage. Overall, specificity and sensitivity of urine colour in predicting anastomotic leakage
were 0.97 (95% CI ¼ 0.95–100) and 0.38 (95% CI ¼ 0.17–0.59), respectively. Negative and positive pre-
dictive values were 94% and 62%, respectively. Other significant risk factors for anastomotic leakage
were previous transurethral resection or radiation therapy to the prostate, non-waterproof anastomosis
at surgery, postoperative pelvic haematoma, long catheterization and surgeon’s inexperience. In
patients with no other risk factors, test sensitivity improved to 0.80 (95% CI ¼ 0.45–1.15) and negative
and positive predictive values to 99% and 44%, respectively.
Conclusion: This prospective single-arm trial indicates that in patients with clear urine and no other
risk factors for anastomotic leakage, a cystogram examination before urethral catheter removal can be
safely omitted.
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Introduction

Cystogram imaging is a common method to rule out urethro-
vesical anastomotic leakage after radical prostatectomy. Since
the incidence of anastomotic leakage is low, many surgeons
do not recommend the taking of a cystogram before urinary
catheter removal [1–3]. As a way of reducing unnecessary
imaging, it has been postulated that a cystogram should be
performed only in patients at risk for urethrovesical anasto-
motic leak [4]. On the other hand, the cystogram is still widely
used, because catheter removal during anastomotic leakage
exposes the individual to complications such as uroperito-
neum, peritonitis, ileus and renal function deterioration [5,6].

Risk factors for urethrovesical anastomosis leakage can be
classified as pre-, intra- and post-operative factors. According to
previous trials, the preoperative risk factors include obesity,
ischaemic heart disease, previous transurethral resection of
prostate (TURP), large prostate, lower urinary tract symptoms
(LUTS) and previous pelvic radiation [7–10]. The intraoperative
risk factors include excessive bleeding, mucosal eversion, wide
bladder neck opening, need for bladder neck reconstruction,
technically difficult anastomosis, tension in anastomosis and an

unsatisfactory flush test result perioperatively [4,8,10–13]. In
addition, an anastomotic leak is more common during the early
phase of the learning curve of the procedure, decreasing as
the surgeon gains experience with the procedure [14,15]. The
postoperative factors which increase the anastomotic leak are
postoperative urinary tract infection [16] and pelvic para-anas-
tomotic haematoma [16]. In addition, a bloody urine colour is a
predictive factor for urethrovesical anastomotic leakage [17,18].

Cystogram imaging is the golden standard for the deter-
mination of anastomotic leakage. Nevertheless, it is not known
whether failing to perform a cystogram would be both feas-
ible and safe based on the leakage risk factor estimation. In
this study, we determined whether macroscopic haematuria of
any grade predicts urethrovesical anastomotic leakage after
robot-assisted laparoscopic radical prostatectomy (RALP).

Patients and methods

Patients and collected information

We prospectively recruited 227 men scheduled for urinary
catheter removal after RALP performed in the Tampere
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University Hospital, Tampere, Finland between June 2015
and January 2017. The Ethics Committee of the Pirkanmaa
Hospital District, Tampere, Finland, approved the study
protocol (identification number: R15042). Written consent
was obtained from all participants and the study was per-
formed according to the Declaration of Helsinki. The study
protocol has been registered at ClinicalTrials.gov
(NCT02526589). Inclusion criteria of the study were RALP
operation 5–14days before catheter removal and signing of
informed consent form.

We recorded previously reported possible risk factors for
anastomotic leakage, e.g. size of the removed prostate, surgi-
cal data, hospitalization length and complications until ureth-
ral catheter removal. Surgical data included surgeon’s
experience, operation length, possible lymphadenectomy,
nerve-sparing, use of haemostatic agents, intraoperative
blood loss and haematocrit value before surgery and on the
first postoperative day. Data was also completed with infor-
mation on patient demographics, comorbidities, medication
use and previous operations in the pelvic area.

RALP technique

RALP procedures were carried out with the aid of a four-arm
da Vinci S robot (da Vinci; Intuitive Surgical, Sunnyvale, CA).
The detailed surgical technique has been described previ-
ously [18]. A double-layer posterior reconstruction of rhab-
dosphincter was performed using 3–0 barbed V-lock suture.
Urethrovesical anastomosis was reconstructed using the Van
Velthoven technique with 3-0 poliglecaprone threads on a
UR6 needle (Monocryl; Ethicon, Somerville, NJ). A two-way
silicone Ch18 Foley urethral catheter (Folysil; Coloplast,
Denmark) was used. An urethral catheter was fenestrated at
the site of urethrovesical anastomosis to decrease the risk of
urethrovesical anastomosis leak [18]. Intraoperative flush test

of the anastomosis was performed by filling the bladder with
100ml of saline. If the anastomosis was not watertight, the
surgeon either re-performed the anastomosis, placed patch
sutures or did nothing, depending on the surgeon’s clinical
decision. No drains were routinely placed. The patients used
low-molecular-weight heparin for thromboprophylaxis for 10
days after surgery, as recommended by hospital guidelines
at the time.

Estimation of urine colour

The patients were recruited to the study when they arrived
from home to the urological outpatient clinic for a routine
cystogram examination and urethral catheter removal within
5–14 days after surgery. After the patient signed the
informed consent, a nurse visually estimated the urine colour
according to a 3-step scale: clear, light red or dark red. The
nurse also took a photograph of the urinary collection bag
for later validation (Figure 1). Subsequently, two researchers
(JR and TP) re-analysed the photographs independently and
blinded to the cystogram result.

Cystogram

The cystogram was performed by filling the bladder with
200ml of iodinated contrast medium (Omnipaque 140ml
I/ml: Amersham Health, Princeton, NJ). Anteroposterior, lat-
eral and oblique views were taken to detect possible extrava-
sation. A clinical radiologist examined the images blinded to
the urinary colour. Cystogram images were downloaded to
the hospital’s database and analysed afterward by a blinded
study radiologist (JPP) who classified extravasations as nega-
tive for leakage (Grade 0), extraperitoneal leakage extending
less than 6 cm (Grade 1), extraperitoneal leakage extending

Figure 1. Photographs from urine collection bags from 5–14 days after robot-assisted radical prostatectomy. The colours of urine are classified as clear (A), light
red (B) and dark red (C).
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more than 6 cm (Grade 2) and intraperitoneal leakage (Grade
3) (Figure 2) [19]. This classification was used in the analysis.

Urologists in the Tampere University Hospital outpatient
clinic checked the cystogram images and radiologist’s
reports. If there was no or only minor extravasation at the
urethrovesical anastomosis, the catheter was removed. If
there was a marked extravasation (Grade 2–3), the catheter
was left for 1–2weeks according to the urologist’s decision.

Power calculation

We assumed that there would be a vesicourethral anasto-
mosis leakage rate of 8% based on a previously published
study [18]. In order to reach a 0.80 sensitivity and specificity
assuming this leakage rate with type 1 error probability of
0.05, we estimated that we would need 201 patients or 17
anastomotic leakages. To allow for dropouts, we set the
enrolment target at 222 patients.

Statistical analysis

The main analysis estimated predictive accuracy of macro-
scopic haematuria of any grade. Planned subgroup analyses
were performed by grade of haematuria and grade of leak-
age. We used an Excel-based diagnostic calculator [20] to
estimate test sensitivity, specificity, positive and negative pre-
dictive values as well as positive and negative likelihood
ratios for urine colour as predictor of urethrovesical anasto-
motic leakage in the routine cystogram after RALP.
Sensitivity, i.e. true positive value indicates the proportion of
detected positive cases from confirmed positive cases.
Specificity, i.e. true negative rate indicates the proportion of
detected negative tests from actually negative cases. Positive
predictive value refers to the percentage of confirmed posi-
tive cases from cases in which urine colour test was positive
and the negative predictive value refers to the percentage of
confirmed negative cases from cases in which the urine col-
our test was negative. Likelihood ratios were used to

Figure 2. Cystogram images from 5–14 days after robotic radical prostatectomy demonstrating no leakage (A), a mild Grade 1 leak to the surgical bed (B), a mod-
erate Grade 2 extraperitoneal leak (C) and a Grade 3 intraperitoneal leakage (D) at urethrovesical anastomosis.
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calculate the probability of leakage if the colour test result
was positive or negative. The prevalence for leakage in the
study population was used as the leakage risk in the prob-
ability calculation. Mann-Whitney U-test was used to calcu-
late the statistical difference for continuous variables and
Pearson Chi-square test for categorical variables.

A multivariate logistic regression model was used to esti-
mate the significance of other putative risk factors for predict-
ing urethrovesical anastomotic leakage. First, all possible risk
factors for anastomotic leakage were tested in multivariate ana-
lysis (model 1). All statistically significant risk factors in model 1
were added to the final multivariate model. Variables included
in the final model were urine colour, age, surgeon’s experience
(less or more than 100 operations), prior TURP, intraoperative
anastomotic leak and technically difficult anastomosis.

p-Values less than 0.05 were considered statistically signifi-
cant. All analyses were conducted using IBM SPSS software
(version 24).

Results

Population characteristics

A total of 227 patients were recruited. Thirteen patients were
excluded before the analysis; 11 due to a leakage in a previ-
ous cystogram or present cystogram was performed more
than 14 days after surgery, one having undergone bladder
diverticulectomy (not RALP) and one because of medium
contrast allergy. Therefore, 214 patients were included in the
final analysis.

A total of 201 (94%) patients had clear urine, six (3%)
patients had light red and seven (3%) patients had dark red
urine colour (Table 1). In the cystogram, 20 (9%) patients
had leakage. The leakage grades were distributed to Grade
1, Grade 2 and Grade 3 in 14 (7%), five (2%) and one (0.5%)
patients, respectively (Table 1).

There was no difference in mean PSA levels, prostate vol-
ume, smoking or heavy alcohol consumption, BMI, comorbid-
ities (hypertension, diabetes or ischaemic heart disease) or
additional medication use between men with or without
leakage (Table 2). Men with leakage had a greater haemato-
crit decline, more bleeding complications and bloody urine,
longer catheterization, more intraoperative anastomosis leak
and the surgery had been performed by a less experienced
surgeon as compared to men without post-operative leakage
(Table 2). Patients with leakage also more often had prior
TURP and pelvic radiation.

Distribution between urine colour and
anastomotic leakage

A total of five men (2.6% of true negatives) were false posi-
tive, i.e. they had bloody urine without leakage in cystogram,
whereas 12 men (60% of true positives) were false negative,
i.e. having clear urine despite leakage in their cystogram
(Table 1).

Overall specificity and sensitivity of bloody urine colour in
predicting anastomotic leakage were 0.97 (95% CI ¼
0.95–100) and 0.38 (95% CI ¼ 0.17–0.59), respectively.
Positive and negative predictive values were 62% and 94%,
respectively. The probability to have leakage if the test result
was positive was 60%. If the test was negative, then the
probability was 6%. A dark urine colour was observed only
in men with leakage (Table 1). Dark red urine colour (n¼ 7)
alone displayed similar sensitivity and specificity levels (0.35
and 1.00, respectively) as urine colour in general, but the
positive predictive value was improved to 100%. Test sensi-
tivity was slightly better in predicting Grade 2–3 leakage
(0.50), while specificity remained high (0.97). The positive
predictive value was 38%, while the negative predictive value
was 98%.

In addition to the presence of bloody urine, other signifi-
cant risk factors for anastomotic leakage were previous TURP
or radiotherapy to the pelvis, anastomosis not being water-
tight at surgery or problems (re-suturing) when creating the
anastomosis, postoperative haematoma in the pelvis, bleed-
ing complications, any Clavien 3 complications and surgeon’s
inexperience (Table 2). In addition, men with leakage were
older than men without leakage.

Limiting the analysis to cases without the above-men-
tioned risk factors (n¼ 199) for anastomotic leakage mark-
edly improved test sensitivity; specificity and sensitivity of
the urine colour test in this subgroup were 0.97 (95% CI ¼
0.95–1.00) and 0.8 (95% ¼ CI 0.45–1.15), respectively.
Positive and negative predictive values were 44% and 99%,
respectively. The probabilities for leakage after positive and
negative test results were 62% and 1%, respectively.

Logistic regression model

When the analysis was conducted to determine the impact
of urine colour and a summary variable including other sig-
nificant leakage risk factors for risk of post-operative leakage,
both were statistically significant (p< 0.001 in both). In the
multivariate analysis including other risk factors, urine colour
(p< 0.001), surgeon’s experience (p¼ 0.009), prior TURP
(p¼ 0.02) and leak at intraoperative flush test (p¼ 0.002) all

Table 1. Distribution between the colour of urine and anastomotic leakages.

No leakage Leakage Grade 1 Grade 2 Grade 3 Total number p

Clear urine 189 12 9 2 1 201 < 0.001�
Bloody urine 5 8 5 3 0 13
Light red 5 1 1 0 0 6 0.002#

Dark red 0 7 4 3 0 7
Total number 194 20 14 5 1 214
�p-value for all patients between urine colour and leakages; #p-value for light red and dark red urine colour and leakages.
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had an independent, statistically significant risk association
with leakage and these results were not modified by grade
of urine colour (light and dark red).

Discussion

Our study shows that bloody urine colour predicts urethro-
vesical anastomosis leakage with high specificity but low
sensitivity after RALP, although taking into account other risk
factors for leakage does improve the sensitivity. Therefore, if
the patient voids clear urine then it is feasible to omit cys-
tography, especially if no leakage risk factors are present.

Specificity, i.e. the true negative rate, was 0.97 or more
and the negative predictive value was 94% or more in every
analysis, thus, based simply on the presence of a clear urine

colour, patients without anastomotic leakage could be reli-
ably identified. The probability for leakage after a negative
test result was very low, 6% or less. Thus, we recommend
that in the majority of patients voiding clear urine, there is
no need for a routine postoperative cystogram; a cystogram
should be performed only when urine is coloured or other
risk factors exist. A multivariate analysis also supports this
recommendation.

The risk factors for leakage were observed to be bloody
urine colour, a previous TURP, previous pelvic irradiation,
intraoperative anastomosis leak, difficult anastomosis, pelvic
haematoma and surgeon’s inexperience. According to the
multivariate analysis, clinically meaningful risk factors were
bloody urine, the experience of the surgeon, prior TURP and
leak in intraoperative flush test. In our study patients without
any of these risk factors, the urine colour test missed only

Table 2. Clinical characteristics, and comparison of all patients (All), patients with no-leakage (No leakage) and patients with leakage
(Leakage) at 5–14 days postoperative cystogram. Result are expressed as n (%).

All No leakage Leakage
p(n¼ 214) (n¼ 194) (n¼ 20)

Age, years, mean (SD) 63.8 (6.1) 63.5 (6.1) 66.3 (5.4) 0.055
PSA, mean (SD) 9.0 (6.2) 9.1 (6.2) 8.0 (6.0) 0.442
Prostate volume, mean (SD) 39.1 (16.8) 38.7 (16.7) 42.5 (17.3) 0.136
cT3 or higher 9 (4.2) 8 1 (5.0) 0.853
Biopsy ISUP grade group

0.3081 81 (38) 75 (39) 6 (30)
2 83 (39) 72 (37) 11 (55)
3 14 (7) 14 (7) 0 (0)
4 19 (9) 16 (8) 3 (15)
5 17 (8) 17 (9) 0 (0)

BMI, mean (SD) 27.2 (3.9) 27.3 (3.9) 26.8 (4.1) 0.778
Smoking 23 (10.7) 21 (10.8) 2 (10) 0.910
Heavy alcohol consumption 18 (8.4) 17 (8.8) 1 (5) 0.564
Prior abdominal surgery 49 (22.9) 41 (21.1) 8 (40) 0.56
Prior TURP 7 (3.2) 4 (2.1) 3 (15) 0.002
Prior pelvic radiation 1 (0.5) 0 (0) 1 (5) 0.002
LUTS 35 (16.4) 30 (15.5) 5 (25) 0.272
Median lobe 15 (7.0) 12 (6.2) 3 (15) 0.142
Hypertension 88 (41.1) 79 (40.7) 9 (45) 0.711
Diabetes 30 (14.2) 25 (12.9) 5 (25) 0.137
Ischaemic heart disease 13 (6.1) 11 (5.7) 2 (10) 0.44
Statin medication 59 (27.6) 50 (25.8) 9 (45) 0.067
5-ARI medication 15 (7.0) 14 (7.2) 1 (5) 0.708
Diabetes medication 28 (13.1) 23 (11.9) 5 (25) 0.097
Anticoagulant medication 35 (16.4) 28 (14.4) 6 (30) 0.07
Inexperienced surgeon� 44 (20.6) 31 (16.0) 13 (65.0) <0.001
Nerve-sparing 169 (79.0) 156 (80.4) 13 (65) 0.107
Blood loss, ml, mean (SD) 131 (104) 130 (103) 140 (120) 0.924
Use of haemostat agents 53 (24.8) 47 (24.2) 6 (30) 0.569
Leak in intraoperative flush test 16 (7.5) 7 (3.6) 9 (45) <0.001
Difficult anastomosis 10 (4.7) 7 (3.6) 3 (15) 0.022
Wide bladder neck 14 (6.5) 11 (5.7) 3 (15) 0.108
Lymphadenectomy 42 (19.6) 41 (21.1) 1 (5) 0.082
Hospitalization, days, mean (SD) 1.3 (0.7) 1.3 (0.8) 1.3 (0.6) 0.28
Clavien 3 complications 10 (4.7) 7 (3.6) 3 (15) 0.03
Bleeding complication 11 (5.1) 7 (3.6) 4 (20) 0.002
Bloody urine 13 (6.1) 5 (2.6) 8 (40.0) <0.001
Catherization, days 9.1 (5.2) 8.0 (2.3) 19.8 (10.5) <0.001
Haematocrit drop 0.05 (0.07) 0.05 (0.08) 0.07 (0.03) 0.05
Urinary tract infection, n (%) 4 (1.9) 4 (2.1) 0 (0) 0.517
pT3a or higher, n (%) 105 (49.1) 96 (49.5) 9 (45) 0.702
Lymph node metastasis, n (%) 9 (4.2) 8 (4.1) 1 (5) 0.853
Positive surgical marginal, n (%) 63 (29.4) 58 (29.9) 5 (25) 0.647
Prostatectomy Gleason

0.584<7 45 (21) 39 (20) 6 (30)
7 146 (68) 134 (69) 12 (60)
> 7 23 (11) 21 (11) 2 (10)

�Surgeon was defined as inexperienced if he/she had performed less than 100 operations.
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one leakage; the negative predictive value stayed at 99%
and the probability to have leakage after a negative test
result was reduced to 1%.

Macroscopic haematuria at the time of catheter removal
has been shown to be a significant predictive factor for anas-
tomotic leak also by other groups [17,18]. However, in previ-
ous studies, the surgical technique in use was open
retropubic radical prostatectomy, where the anastomosis was
sewn with single sutures and the colour of urine was esti-
mated when the patients were still in bed in the hospital.
Instead, in our study, all prostatectomies are done using a
robot-assisted technique, continuous sutures are used for the
anastomosis and patients are mobilized and discharged early,
usually on the first postoperative day. They arrive from home
for urethral catheter removal and, thus, results from the pre-
vious studies may not be generalized per se to the more
modern clinical practice.

Our study shows that macroscopic haematuria predicts
urethrovesical anastomotic leakage after RALP with reason-
able accuracy. However, it still misses small proportion of lea-
kages, especially in men with risk factors for leakage. The
most adverse complication, which might follow anastomotic
leakage, is uroperitoneum causing peritonitis [6]. Some evi-
dence also supports the hypothesis that anastomotic leakage
might induce anastomotic strictures [21,22]. Furthermore, it
seems that incidence of incontinence is increased after anas-
tomotic leakage [23]. Relying solely on urine colour risks
missing some leakages, which may increase occurrence of
these harms. On the other hand, it removes the need for cys-
togram imaging unnecessary for most, thus opening the
potential for reducing radiation exposure and costs.

We estimated the prevalence of anastomotic leakage as
9%. In recently published studies, the incidence of anasto-
motic leakage after RALP has varied from 2.9% [6] to 3.9%
[3] up to 13.6% [24], i.e. a similar incidence as found here.
However, even anastomotic leakage rates as high as 26%
have been reported recently [6]. A cystogram was performed
in all patients in our study, thus also small leakages (Grade
1) were detected. An evaluation of the clinical significance of
such small leakages is beyond the scope of this study.

Surgeon’s experience also affects the level of anastomotic
leakage rate. Surgeon’s experience inversely associates with
the rate of anastomotic leakage, which can be seen from the
learning curve of Dr Vipul Patel: during his first 300 RALPs,
the leakage rate was 4%, in procedures from 300 to 600 the
leakage rate was 2.6% and from 2,100 to 2,400 the leakage
rate was a mere 0.3% [14]. This phenomenon can be seen
also in our study: in 65% of the cases when leakage
occurred, the surgeon was inexperienced. Overall, inexperi-
enced surgeons performed 20% of the RALPs in our study.

The strength of our study is that it is a prospective and
registered study. We also blinded all operators; the nurses
and the urologists who estimated urine colour and the radi-
ologists who analysed cystogram images.

There were also some limitations. The size of our study is
relatively small and RALPs were performed in a single hos-
pital. However, we were able to achieve the number of
patients and leakages demanded by our power calculation.

We did not have a strict protocol for management of anasto-
motic leakage. Our recommendation was to remove the
urethral catheter if 2 cm or smaller contrast fluid extravasa-
tion was found in the cystogram. In fact, the urologists were
allowed to make an independent clinical decision. However,
we wished to test the hypothesis that urine colour would be
a marker for leakage and therefore could be used to decide
whether a cystogram would be needed or not. The aim was
not to investigate the clinical significance of any leakages
detected, thus, a strict protocol on how to practice in the
case of leakage was omitted.

Urine colour was visualized only by visual inspection. We
tried to develop some kind of computer-based colour ana-
lysis method, but this was not successful. However, visual
colour analysis only by the human eye may also be a
strength because it makes the clinical evaluation more
straightforward. Furthermore, intra-observer variability was
controlled by taking a photograph from the urine collection
bags after the nurses’ visual evaluations and two urologists
blinded and independently evaluated the colour from these
photographs.

Conclusions

Our prospective trial showed that a bloody urine colour at
5–14days after RALP is a predictor for urethrovesical anasto-
mosis leakage. Conversely, if urine is clear and there are no
other risk factors for anastomotic leakage, then performing a
cystogram prior to urethral catheter removal is not necessary.
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