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HIGHLIGHTS

 The extent of parametrectomy is the most significant factor influencing voiding recovery.

» Type-B parametrectomy is associated with a higher risk of delayed voiding recovery than the nerve-sparing C1 technique.
* Previous pregnancy significantly increases the risk of delayed voiding recovery after parametrectomy.

» 98% of patients recover the voiding function within one month post-surgery.

» Minimally invasive surgery is not associated with faster voiding recovery.

ARTICLE INFO ABSTRACT
ATH'CI_E history: OBJECTIVE: Voiding dysfunctions represent a leading morbidity after radical hysterectomy performed in patients
Received 24 October 2020 with early-stage cervical cancer. The aim of this study was to perform ad hoc analysis of factors influencing

Accepted 15 December 2020

‘ : voiding recovery in SENTIX (SENTinel lymph node biopsy in cervIX cancer) trial.
Available online xxxx

METHODS: The SENTIX trial (47 sites, 18 countries) is a prospective study on sentinel lymph node biopsy without
pelvic lymphadenectomy in patients with early-stage cervical cancer. Overall, the data of 300 patients were

{l:?(;‘i/glrﬁ/stere ctomy analysed. Voiding recovery was defined as the number of days from surgery to bladder catheter/epicystostomy
Parametrectomy removal or to post-voiding urine residuum <50 mL.

Cervical cancer RESULTS: The median voiding recovery time was three days (5th-95th percentile: 0-21): 235 (78.3%) patients
Voiding recovery recovered in <7 days and 293 (97.7%) in <30 days. Only seven (2.3%) patients recovered after >30 days. In
Nerve-sparing techniques the multivariate analysis, only previous pregnancy (p = 0.033) and type of parametrectomy (p < 0.001) signif-

icantly influenced voiding recovery >7 days post-surgery. Type-B parametrectomy was associated with a higher
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risk of delayed voiding recovery than type-C1 (OR = 4.69; p = 0.023 vs. OR = 3.62; p = 0.052, respectively),
followed by type-C2 (OR = 5.84; p = 0.011). Both previous pregnancy and type C2 parametrectomy indepen-
dently prolonged time to voiding recovery by two days.

CONCLUSIONS: Time to voiding recovery is significantly related to previous pregnancy and type of
parametrectomy but it is not influenced by surgical approach (open vs minimally invasive), age, or BMI. Type
B parametrectomy, without direct visualisation of nerves, was associated with longer recovery than nerve-

sparing type C1.

Importantly, voiding dysfunctions after radical surgery are temporary, and the majority of the patients recover in
less than 30 days, including patients after C2 parametrectomy.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Cervical cancer is the most frequent cancer-related cause of death
among young women [1]. Approximately 570,000 new cases are diag-
nosed worldwide every year, which makes the burden of the disease
quite considerable [2].

A standard of care procedure in FIGO stage IB cervical cancer is rad-
ical hysterectomy followed by pelvic lymph node dissection [3]. As
demonstrated by the LACC trial, oncological outcome after primary sur-
gery is excellent in early disease stages; however, radical hysterectomy
is associated with a serious postoperative morbidity [4]. Despite the de-
velopment of nerve-sparing techniques, bladder dysfunctions remain
the leading type of morbidity associated with parametrectomy per-
formed as part of radical hysterectomy [4].

The most frequent bladder dysfunctions include urinary retention and
urinary incontinence. Delayed spontaneous voiding has been reported in
up to 85% of patients after radical hysterectomy (here add reference!)
and urinary incontinence in up to 83% of patients at 3 months postopera-
tively [4,5]. Nevertheless, previous data reported in the literature are in-
consistent, and predominantly related to short-term follow-up.

Voiding dysfunctions are caused mostly by damage to the autono-
mous pelvic nerves, including the sympathetic nervous system coming
from T12 to L1 and parasympathetic branches coming from S2 to S4.
The common trunks and specific bladder nervous branches control the
detrusor muscle and internal sphincter. During a radical hysterectomy,
these nerves may sustain damage in all three parts of the parametrium,
ventrally in the bladder pillar, in the lateral parametrium, or in the
uterosacral ligaments [5].

Data on voiding recovery after radical hysterectomy varies substan-
tially in the literature, including its prevalence and duration after sur-
gery [6-8]. The extent of parametrectomy is considered one of the
most important factors influencing the bladder dysfunction, whereas
the role of other factors, such as surgical approach, tumour size, patient
age, history of vaginal deliveries, or BMI is not clear [9]. These factors, es-
pecially type of parametrectomy, can help us to anticipate type and du-
ration of bladder dysfunctions, and as such help us to adjust
postoperative management accordingly.

The SENTIX trial is an international multicentric prospective trial
that aims to prove the non-inferiority of sentinel lymph node biopsy
compared to full pelvic node dissection in early-stage cervical cancer
[9]. The trial comprises different types of radical parametrectomy classi-
fied using the Querleu-Morrow classification of radical hysterectomy
[10] and performed according to the presence of negative prognostic
factors. The aim of the present study was to analyse the factors influenc-
ing voiding recovery in the SENTIX trial cohort as an ad hoc analysis of
data from the first 300 patients treated per protocol with at least six
months' of follow-up data available.

Material and methods

Study population.
SENTIX, an international multicentric observational study, was car-
ried out in 47 sites from 18 countries. Presented ad hoc analysis

included SENTIX trial patients operated between June 2016 and January
2019 in the approved sites who were treated per protocol and had at
least six months' of follow-up data availability. In all, 300 patients
were included in this study.

The patients were pre-registered into the trial before surgery if they
met the following inclusion criteria: (i) FIGO 2009 stage
IA1 + lymphovascular space invasion (LVSI), or I1A2, or IB1 [11]; (ii)
no evidence of bulky or suspicious pelvic lymph nodes or distant metas-
tases in conventional preoperative imaging studies; (iii) performance
status ECOG 0-1; (iv) age > 18 years and < 75 years; (v) squamous
cell carcinoma, adenocarcinoma, or adenosquamous carcinoma; (Vvi)
suitable candidate for primary surgical treatment (radical hysterectomy
in tumours <4 cm in the largest diameter; fertility-sparing treatment in
tumours <2 cm in the largest diameter); (vii) history of second primary
cancer only if >5 years with no evidence of disease. After the surgery,
patients were registered into the trial if they complied with the addi-
tional intraoperative criteria: (i) bilateral SLN detection; (ii) negative in-
traoperative pathologic SLN evaluation (frozen section); (iii) no
intraoperative evidence of more advanced disease (>IB1). Exclusion
criteria comprised: (i) treatment with neoadjuvant chemotherapy; (ii)
pregnancy; (iii) history of pelvic or abdominal radiotherapy; (iv) HIV
positivity or AIDS, (v) tumour histology not mentioned among the in-
clusion criteria.

The protocol was approved by the institutional review board at the
leading institution (General University Hospital in Prague, Czech
Republic) in June 2016, and was subsequently approved by the institu-
tional review boards at all participating institutions. All patients signed
a written informed consent according to institutional and federal guide-
lines before enrolment. All details regarding the full SENTIX trial proto-
col can be found in the trial-in-progress article by Cibula et al. [12] and
under the trial registration number NCT02494063 (www.clinicaltrials.
gov). STROBE statement was followed to construct the manuscript.

Surgical management.

Surgery consisted of sentinel lymph node biopsy and different types
of hysterectomy or trachelectomy. The type of performed radical hys-
terectomy (B, C1, C2) [10] was at the discretion of the attending sur-
geon, based on the prognostic risk factors.

Type B procedure corresponds to nerve-sparing radical hysterec-
tomy. The ureter indicates the major resection margin ventrally and lat-
erally. Identification of the autonomic nerves is not required, and the
hypogastric plexus remains hidden in a deeper part of the parametria,
thus remaining fully preserved. Type C corresponds to extended radical
hysterectomy. The uterine artery origin indicates the resection margin
of lateral parametria. There are significant differences, particularly in
the vertical (deep parametrial) dimension, between type C1, which cor-
responds to the nerve-sparing procedure, and type C2, which aims for a
complete parametrial resection. Even more important is the vertical re-
section margin on the ventral parametria, which must be at the level of
the ureter to preserve the bladder branches of the hypogastric plexus,
localized below the course of the ureter. In type C2, a more complete
dissection of the ureter from the ventral parametria is required, which
allows for a complete resection of the ventral parametria. Dorsally,
type C1 requires the preservation of the main branches of the
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hypogastric plexus, while the recto-uterine and recto-vaginal ligaments
can be resected at the level of its rectal attachment. C2 aims to a com-
plete resection of the dorsal parametria deeply below the rectal attach-
ment so that the separation of the major branches of the hypogastric
plexus is not needed and these nerves are sacrificed [10].

Assessment of postoperative morbidity.

Data on factors influencing voiding recovery included preoperative
characteristics, surgical details, and postoperative complications. All in-
traoperative and early postoperative complications (30 days after sur-
gery) were reported and classified using a Clavien-Dindo grading
system [12]. All adverse events manifesting during the follow-up after
the 30th postoperative day were classified as late postoperative compli-
cations, classified using Common Terminology Criteria for Adverse
Events (CTCAE) v5.0. All data were collected via an online encrypted
database.

Voiding recovery was defined as the number of days from surgery to
bladder catheter or epicystostomy removal with post-voiding urine re-
siduum (PVR) <50 ml. The first attempt of catheter removal was done
48-72 h after radical parametrectomy and 12-24 h after simple hyster-
ectomy. If the post-voiding residuum was 50-150 ml, patient continued
voiding spontaneously and the residuum was measured again after
12-24 h. If the residuum exceeded 150 ml, Foley catheter was
reinserted for additional 1-2 days, when the post-voiding residuum
was repeatedly assessed. Each patient with epicystostomy was edu-
cated to close the epicystostomy from the third postoperative day tem-
porarily for 3-4 h intervals, to try to void spontaneously and to measure
the volume of residual urine after each interval. If the amount of urine
exceeded 150 ml at any interval during the day, patient left
epicystostomy open during the night. Epicystostomy was removed if
all measured post-voiding residuum volumes during the day remained
below 50 ml.

Statistical analyses.

All quantitative variables were presented as median and 5th-95th
percentile and qualitative variables as absolute values and percentages.
A multivariate analysis by means of a logistic regression was carried out
in order to determine the risk factors associated with late voiding recov-
ery. A Kaplan-Meier survival analysis was performed to identify the re-
lation between the type of radical hysterectomy and the time to voiding
recovery. The alpha error was set at 5%. The software used for the anal-
ysis was SPSS v. 25.0 (IBM Inc. SPSS, Armonk, NY, USA).

Results

Three hundred patients were recruited and included in this study.
The main baseline characteristics of the patients that concern their pre-
operative status and surgical data are shown in Table 1. The median age
of the patients was 41 years (5th-95th percentile 28.1-65). Previous
urologic surgery was not reported in any patient. The majority of pa-
tients, 259 (86.3%), had a FIGO stage IB1; from these, 72 (66.4%) had a
tumour sized under 2 cm. Regarding the surgical data, 208 (69.3%)
cases were managed by a minimally invasive approach (laparoscopy,
robotic, or vaginal) and a nerve sparing C1 radical parametrectomy
was the most frequent technique, carried out in 117 (39.0%) patients.
The median operating time was 182.5 min (5th-95th percentile
90-320).

Median voiding recovery was three days (5th-95th percentile:
0-21). Bladder function was recovered by 235 patients (78.3%) within
less than seven days, while the vast majority of the patients, 293
(97.7%), recovered in less than 30 days. Among the seven (2.3%) re-
maining patients with recovery that surpassed one month, only two
cases, which recovered the voiding function after 39 and 300 days,
were not associated with severe urological perioperative complications.
In the rest of the cases, we observed three cases with ureterovaginal
fistulisation, one case with severe uretero-hydronephrosis due to ure-
teral obstruction, and one case with intraoperative ureteral transection

Gynecologic Oncology xXx (XXxX) XXX

Table 1
Main characteristics of patients (N = 300).

PREOPERATIVE Characteristics N (%) / median
(5th-95th

percentile)

41 (28.1; 65)

Age (continuous)
Age category [years] <40 129 (43.0%)
41-60 139 (46.3%)
>60 32 (10.7%)

24.4(18.7; 36.5)
172 (57.3%)

BMI (continuous)
BMI category [kg/m?] <25

26-30 68 (22.7%)

>30 59 (19.7%)

unknown 1(0.3%)
Number of pregnancies 2(0;6)
Number of deliveries 1(0;4)

. . Biopsy 118 (39.3%)
Diagnostic procedure . . ion 185 (61.7%)
Stage (preoperative)  Tlal + LVSI 16 (5.3%)

T1a2 24 (8.0%)
Tib1 259 (86.3%)
<2 cm 172 (66.4%)
>2 cm 87 (33.6%)
unknown 1(0.3%)
Grade G1 72 (24.0%)
G2 160 (53.3%)
G3 64 (21.3%)
unknown 4 (1.3%)
Tumour type Squamous cell carcinoma 211 (70.3%)
Adenocarcinoma usual type (HPV 84 (28.0%)
related)
Adenosquamous carcinoma 4 (1.3%)
unknown 1(0.3%)
SURGICAL Characteristics N (%) / median
(5th-95th
percentile)
Surgical approach Laparotomy 92 (30.7%)

Laparoscopy / Robotic / Vaginal
Radical hysterectomy B

208 (69.3%)
68 (22.7%)

type C1 117 (39%)
2 54 (18%)
1+ C2 2 (0.7%)
SH or ST 59 (19.7%)
Fertility-sparing No 256 (85.3%)
surgery Yes 44 (14.7%)

Duration of surgery [min]
Blood loss [ml]

182.5 (90; 320)
150 (10; 647.5)

BMI: body mass index; SH: simple hysterectomy; ST: simple trachelectomy.

(Table 2). Among 56 (18.7%) patients who underwent non-nerve spar-
ing C2 radical surgery, only four presented a delayed voiding recovery,
all of whom had serious complications associated with the performed
surgery (Table 2).

A univariate analysis of the whole cohort revealed that neither age,
BMI, nor grade is associated with the delayed (>7 days) voiding recov-
ery (Table 3). On the other hand, a whole cohort analysis revealed a sig-
nificantly longer voiding recovery time (p = 0.001) in the laparotomy
group when compared to the rest (Fig. 1a). This difference, however,
did not remain significant in the subgroup analysis of patients who
underwent the same C1 type of (nerve-sparing) radical hysterectomy
(p = 0.382) (Fig. 1b).

The results of the multivariate analysis of the independent factors
predicting voiding recovery longer than seven days postoperatively
are shown in Table 4. The absence of previous pregnancy was proven
to be a protective factor with an odds ratio (OR) of 0.298 (p = 0.033).

Type B parametrectomy was associated with a higher risk of delayed
voiding recovery (>7 days) than type C1 (OR = 4.698; p = 0.023 vs.
OR = 3.623; p = 0.052, respectively). Type C2 radical surgery was asso-
ciated with the longest interval to voiding recovery (p < 0.001) (Fig. 2)
and with the highest risk of voiding recovery delay over one week OR =
5.843 (p = 0.011) (Table 4).
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Table 2
Main characteristics of patients who recovered voiding function after 230 days (N = 7).

Gynecologic Oncology xXx (XXxX) XXX

Patient Voiding Age FIGO Tumour Surgical  Surgical Extentof Intraoperative Hospital Adjuvant Postoperative complications
number recovery (years) stage size (mm) time approach radicality complications stay (days) treatment
(days) (min)
1 47 44 IB1 38 410 LSC 2 None 30 None UV fistula
2 45 31 IB1 28 320 LSC C2 None 13 None UV fistula
3 37 38 IB1 10 330 Open C2 Ureteral 9 None None
transection
4 54 49 IB1 10 180 Open C1 None 5 None Hydronephrosis and hydroureter
due to ureteral obstruction
5 31 46 IB1 25 173 Open C2 None 6 None UV fistula and urinoma
6 39 40 IB1 11 145 Open C1 None 11 None None
7 300 47 IB1 40 212 RBT C1 None 8 None None
UV: uretero-vaginal; LSC: laparoscopy; RBT: robotic.
Table 3 threshold of PVR of more than 50 ml was introduced, since it seems to
Predictors of voiding recovery >7 days: univariate analysis. be an objective predictor of bladder function after surgery, with a
Predictors OR (95% CI) p good correlation with urodynamic evaluation that does not need a spe-
- cific instrumentation to measure it [14-16].
Age category [years]| <40 reference ) )
41-60 1.733 (0.979; 3.07) 0.059 In spite of the data heterogeneity, the extent of the parametrectomy
>60 0.770 (0.270; 2.200) 0.626 was uniformly shown to have a key role in the postoperative bladder
BMI category [kg/m?] <25 reference dysfunctions [6]. Duration of voiding function recovery in patients
26;;8 g?gi Eg';‘ggf }'gfg; 8‘2}3 who underwent nerve-sparing radical hysterectomy (type C1) ranges
Radical hysterectomy type B 7,943 (2.222; 28.396) 0.001 from seven to 13 days: in contrast to the v01dm.g recovery in patients
c1 6.008 (1.744; 20.700) 0.005 after a non-nerve-sparing surgery (type C2), which is significantly lon-
2 10.133 (2.793; 36.768) <0.001 ger in most of the studies, ranging from 15 to 26 days [4,5,17].
CSL‘*‘ (53_?_ o In our cohort, the median time to voiding recovery was quite short
or rererence o, .
Pregnancy o 0.169 (0.059: 0.483) 0.001 (3 days post-surgery) and qnly 65 (21.7%) poatlent_s recovered after
yes reference one week or later. Moreover, in only seven (2.3/0) patients was a recov-
Delivery no 0.206 (0.085; 0.498) <0.001 ery reported after more than 30 days. However, in five of them, a need
yes reference for longer urinary bladder catheterization was due to either intraopera-
Grade G1 0.634(0.290; 1.387) 0254 tive ureteral injury (1 case) or early postoperative ureteral obstruction
G2 0.620 (0.321; 1.199) 0.156 .
P reference (1 case) or a uretero-vaginal fistula (3 cases) (Table 2). Therefore, a re-
Duration of surgery [min] 1.004 (1.000; 1.008) 0.079 covery delayed by more than 30 days occurred in only two cases, both
Blood loss [mL] 1.002 (1.001; 1.003) 0.002 after type C1 radical hysterectomy. In one patient with an extremely

BMI: body mass index; SH: simple hysterectomy; ST: simple trachelectomy.

Median time to catheter/ epicystostomy removal was delayed
1-2 days in patients after radical parametrectomy by previous preg-
nancy (Day 2-3 versus Day 4) and by 2 days by more radical type of
parametrectomy (Day 4 after type B or C1 versus Day 6 after type C2)
(Table 5).

Discussion

In this prospective study, the data shows that the extent of
parametrectomy and previous pregnancy are the most important fac-
tors that influence voiding recovery following the radical surgery of cer-
vical cancer patients. Interestingly, type B parametrectomy,
characterised by parametria resection without hypogastric nerve visual-
isation, was observed to have a more unfavourable impact on voiding
than nerve-sparing C1 technique.

Overall, urinary morbidity seems to be an unavoidable consequence
of radical hysterectomy; however, voiding dysfunctions were shown to
be only temporary, and the vast majority of patients recovered within
one month after surgery, including those patients with more extended
radicality if no other complications occurred (19% underwent type C2
parametrectomy).

Previously reported data regarding urinary dysfunctions after radical
hysterectomy are not uniform, neither in terms of methodology for the
assessment nor in the threshold for post-voiding recovery considered as
a dysfunction [8,13]. The PVR volume considered a threshold of voiding
dysfunction differs between 50 and 150 ml [8,13,14]. In our study, a

long 300 days interval to spontaneous voiding after robotic radical hys-
terectomy, we did not find any additional underlying cause. The out-
come in our cohort is in agreement with the available literature, in
which only around 1% of patients were described as still experiencing
voiding dysfunctions at 3-4 months post-surgery [7].

The interesting observation in our study is the increased risk of de-
layed voiding recovery in the type B radical hysterectomy group when
compared with the type C1 patients. Even if C1 is described as a
nerve-sparing technique, it is still a more radical surgery [10]; therefore,
type B should, in theory, offer better voiding recovery results due to a
lower probability of damage to the pelvic autonomous nerves. We can
only hypothesise that without visualisation, pelvic nerves are more
likely to be damaged while performing type B radical hysterectomy.

Univariate analysis showed that neither patient age nor BMI was as-
sociated with prolonged voiding recovery (more than 7 days). This re-
sult opposes our previous single institutional retrospective study, in
which we observed delayed voiding recovery in patients with lower
body mass index [10]. In this study, however, type C2 and even type D
parametrectomy were performed more likely (29.2% and 26.4% of all
cases, respectively) with a trend toward higher radicality in slimmer
women [10].

Regarding surgical approach, an univariate analysis of the whole co-
hort showed that the better results in voiding recovery (p = 0.001)
were obtained if minimally invasive techniques were used. However,
when analysing only comparable cohorts after C1 parametrectomy,
the surgical approach ceased to be significant (p = 0.382), thus
disapproving the causality. The explanation of the better results in uni-
variate analysis is explained by the preference toward a minimally inva-
sive approach in smaller tumours and in less radical procedures. Our
results are counter to the previously published data of Bogani et al.
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Fig. 1. Kaplan-Meier survival curve for time to voiding recovery: surgery type. a: Whole cohort analysis; b: subgroup analysis of patients with performed C1 parametrectomy. * Log-rank test.

[14], who reported bladder dysfunctions after 30 days post-surgery in

Table 4 o . o
Predictors of voiding recovery >7 days: multivariate analysis. 14% of the laparotomy group patients, compared t.o 0% in the laparos-
copy group, all of whom underwent C1 nerve-sparing technique. How-
Predictors OR (95% CI) p ever, their laparotomy group was a retrospective cohort, and both
Radical hysterectomy type B 4,698 (1.235; 17.871) 0.023 groups were relatively small (35 and 35 cases). We should also consider
C1 3.623 (0.990; 13.264) 0.052 the possibility that, even within the same type of parametrectomy, sur-

sH or(S?' 5843 E;i?iiz'mz) o.011 geons may tend to be more radical in open surgery.
Pregnancy o 0.298 (0.098: 0.908) 0.033 We,' for the; ﬁr'st time, also f'ound that previous' pregnancy is asspci—
yes reference ated with a significant delay in post-surgery voiding recovery time.

Both delivery types, vaginal and caesarean section, were previously de-

OR: odds ratio; CI: confidence interval; SH: simple hysterectomy; ST: simple " . 7 o 1
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Fig. 2. Kaplan-Meier survival curve for time to voiding recovery: radical hysterectomy type. * Log-rank test; SD: standard deviation; SH: simple hysterectomy; ST: simple trachelectomy.
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Table 5
Median time to catheter/ epicystostomy removal according the type of hysterectomy and previous pregnancy status.
Pregnancy
No Yes
B N=7;2(1-8) N = 60; 4 (1-14)
Radical hysterectomy type c1 N =15;3(1-7) N = 100; 4 (1-26)
c2 N = 4; NA N = 50; 6 (0—31)
Simple hysterectomy N = 38;1(0-7) N =21;1(1-10)

(N = number of cases; Median time in days (5-95th percentile))
NA: not analysed based on insufficient number of cases.

next childbirth [18]. Vaginal delivery may be connected to the pelvic
floor mechanical damage influencing muscles, soft tissues, as well as
nerves; caesarean section was described as a risk factor for voiding dys-
function with retraction and fibrosis generated near the urinary bladder
as a possible explanation [18].

In conclusion, our data shows that voiding recovery after radical cer-
vical cancer surgery was most significantly affected by the type of
parametrectomy, with a surprisingly not better outcome of type B pro-
cedure when compared to nerve-sparing C1 technique. Out of many
assessed parameters, only previous pregnancy proved its significance
as a confounding risk factor for delayed voiding recovery. On the con-
trary, our data have disapproved the significance of the surgical ap-
proach (open vs minimally invasive), as well as of age, or BMI. Based
on our findings the first attempt to remove bladder catheter after type
B and C1 radical hysterectomy should be at postoperative day 2 in nul-
liparous women and day 4 in women after previous pregnancy, while it
should be postponed until day 6 after type C2 procedure.

Overall, we have shown that voiding dysfunctions after cervical can-
cer surgery are only temporary and the vast majority of patients recover
within one month after the surgery.
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