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Chapter 1

GENERAL INTRODUCTION

Living donor kidney transplantation

Kidney failure, also called end-stage renal disease (ESRD), is the final stage of chronic kidney
disease and is defined as severely reduced kidney function, requiring renal replacement therapy
by dialysis or kidney transplantation (KTX)." When compared to chronic dialysis treatment, KTX
improves the overall survival rates and quality of life and is highly cost-effective.>® Therefore,
KTX has become the gold standard in the treatment of patients with ESRD. As a result of
the shortage of donor kidneys, there has been an increasing demand for living donor kidneys
to expand the donor pool.* Furthermore, it is generally recognised that living donor KTX is
superior to deceased donor KTX in terms of graft survival and patient survival.® Since living
donors are not patients with a medical problem, but healthy human beings, the donor’s safety

and wellbeing are highly important objectives in living donor kidney donation.

Quality of recovery

Recovery is a complex concept and its definition is influenced by its different stakeholders.
Traditionally, the quality of recovery was assessed by clinicians, focusing on the period during
hospitalisation. Clinicians concentrated on factors which influence the length of hospital
stay and resource utilization, including restitution of physiological parameters, assessment
of pain and nausea, and surgical complications.® The International Consortium for Health
Outcomes Measurement (ICHOM)] defined outcomes in healthcare as ‘the results of treatment
that patients care about most’.” Outcomes should be patient-centred, instead of focused on a
single intervention. In patient’s perspective, recovery is not only the absence of complications
or negative symptoms, but also beholds the return to a resemblance of their pre-operative
life, which is a process which continues after discharge. Therefore, patient-defined recovery is
a multidimensional entity, including the traditional parameters of return of physiological and
physical functioning, but also covering emotional, social and cognitive dimensions.® The Quality
of Recovery-40 Questionnaire (QoR-40] is a validated tool to measure a patient’s self-assessed
quality of recovery after surgery.® The QoR-40 exists of 40 questions with a maximum total
score of 200, measuring five dimensions of recovery after surgery including comfort, emotions,

physical independence, pain, and patient support.

Postoperative pain reduction is an important component of Enhanced Recovery After Surgery
(ERAS) programs.”'® First of all, patients should be comfortable. Second, postoperative pain
impairs postoperative mobilisation, which can result in less independence in daily activities
and prolonged hospital stay. Third, early postoperative pain is related to an increased risk of
postoperative complications, including pulmonary infections, urinary tract infections and bowel
dysfunction,' and finally early postoperative pain is a known risk factor for the development of

chronic postsurgical pain (CPSP).'
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AIM OF THE THESIS

This thesis focuses on strategies to improve the quality of recovery in living kidney donors
(Part 1) as well as kidney transplant recipients (Part Il). We assessed several surgical and
anaesthesiological innovations to optimise the postoperative recovery following laparoscopic
donor nephrectomy and kidney transplantation.

PART | - OPTIMISING RECOVERY IN LIVING KIDNEY DONATION

Minimally invasive surgery

Traditionally, living donor kidney procurement was performed with an open surgical approach.
Thereby discouraging many potential kidney donors to donate, because of the morbidity and
relatively long convalescence associated with the large flank incision. Minimally invasive
surgical techniques have been developed to minimise the donor’'s postoperative morbidity,
without compromising the quality of the kidney. The first laparoscopic donor nephrectomy
(LDN) was performed by Ratner in 1995.% At present, LDN has become the gold standard
approach for living donor kidney procurement. When compared to open donor nephrectomy,
LDN is associated with less postoperative pain, faster recovery, shorter length of hospital
stay, quicker return to normal daily activities and work, increased quality of life (Q0L) and a
better cosmetic result.' ™ Advances in minimally invasive surgery for living kidney donation
have led to the development of new techniques, including laparoendoscopic single-site donor
nephrectomy, hand-assisted donor nephrectomy, retroperitoneoscopic donor nephrectomy,
transvaginal natural orifice transluminal endoscopic surgery-assisted donor nephrectomy
and most recently robot-assisted laparoscopic donor nephrectomy. Yet, there is no evidence of

superiority of these techniques as compared with standard LDN.'¢-22

Low-pressure pneumoperitoneum

Although LDN has many advantages, concerns have been raised regarding the accompanying
adverse haemodynamic effects of the required pneumoperitoneum (PNP), i.e. the insufflation
of gas into the abdominal cavity in order to create working space between the abdominal
wall and the intra-abdominal organs. Both preclinical and clinical studies have indicated that
the raised intra-abdominal pressure (IAP) during PNP can result in decreased renal blood
flow, oliguria and impaired creatinine clearance and subsequent decreased short-term renal
function in the graft and the remaining kidney in the donor.?=° To counteract the side effects of
the PNP, it is recommended to apply the lowest possible IAP, still allowing adequate exposure
of the operative field.>!

Additionally, several studies have shown that the use of low-pressure PNP during laparoscopy

providesa clinicallyrelevantreductionin postoperative pain scores after laparoscopic surgery.®233
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Also during LDN, the use of a low-pressure PNP reduced postoperative pain scores, when
compared to standard pressure PNP, as shown in a previous pilot study performed at the
Radboudumc.® However, a disadvantage of a low-pressure PNP is the impairment of the
quality of the surgical field, leading to prolonged operation time and possible compromised

intraoperative safety.®

Deep neuromuscular blockade

Nowadays, deep neuromuscular blockade (NMBJ is an emerging innovation in anaesthesiology
and surgery. The depth of the NMB is classified by the response to train-of-four (TOF) and
post-tetanic-count (PTC) stimulation, assessed mostly by acceleromyography, at the adductor
pollicis muscle of the thumb,*>* see Figure 1. Adeep NMB is defined as a TOF count of 0 twitches
and a PTC of 1-2 twitches. During a moderate NMB, the TOF count is 1-3 twitches. When all
4 responses to TOF stimulation have returned, a TOF ratio (TOFR) can be calculated, which is
the height of the fourth twitch (T4) divided through the height of the first twitch (T1; i.e. T4/T1
ratio). A shallow NMB is defined as a TOFR<0.9. The current standard for acceptable recovery is
defined as a TOFR=0.9. The use of neuromuscular monitoring is mandatory, to prevent residual
neuromuscular blockade, i.e. TOFR<0.9, and the accompanied risk of postoperative respiratory
complications.® If necessary, the residual NMB can be antagonised by a reversal agent. Many
studies are published on the beneficial effects of deep NMB during surgery when compared
with moderate NMB, including a reduction of postoperative pain,®”* reduced intra-operative
adverse events“®*" and improved surgical space conditions.?” 3 4% Fyrthermore, deep NMB

can be used to facilitate a low-pressure PNP.%7. 454

IO IO

PTC =0 PTC =1 PTC =2

Stirr

TOF = 4 TOF=0 TOF=0 TOF =0 TOF =1 TOF=2 TOF=3 TOFR <09 TOFR =10
] No Onset Intense Deep Moderate Shallow  Complete
e NMB NMB NMB NMB NMB NMB recovery

Figure 1. Measurement of level of neuromuscular blockade

NMB, neuromuscular blockade; TOF, train-of-four; PTC, post-tetanic-count; TOFR; train-of-four ratio.
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PART Il - OPTIMISING RECOVERY IN KIDNEY TRANSPLANTATION RECIPIENTS

Double J ureteral stenting

KTXis associated with lower mortality and improved quality of life, when compared with chronic
dialysis treatment.? However, major urological complications (MUCs), defined as urinary
leakage and ureteral obstruction, are still common and may lead to increased morbidity,
prolonged hospital stay and the need of a second surgical procedure.*’-“¢ Usually MUCs occur
within three months after surgery and they are mostly located at the distal portion of the ureter,
most commonly at the site of the ureterovesical anastomosis.” Well-known causes of MUCs
are ischaemia and technical errors.®® *0 Routine intraoperative ureteric stenting has been
proven to significantly reduce the occurrence of MUCs following kidney transplantation.:3' The
most commonly used stent types include internal double-J (JJ) stents and externally draining
percutaneous (PC) stents, see Figure 2. However, there is no consensus about the optimal

stent type and duration of ureteric stenting.

. PC-stent |7 JJ-stent

Figure 2. Ureteral stent designs.

PC-stent, externally draining percutaneous (PC) stent; JJ-stent, double J stent.
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OUTLINE OF THIS THESIS
PART I: OPTIMISING RECOVERY IN LIVING KIDNEY DONATION

Although LDN is no longer a new concept, it still is the gold standard approach for living donor
kidney procurement. To counteract the side effects of the PNP, it is advised to apply the lowest
possible IAP, without compromising the quality of the surgical field. Deep NMB can be used
to optimise the surgical space conditions. Chapter 2 contains a systematic review and meta-
analysis regarding the influence of moderate and deep NMB on surgical space conditions and

clinical outcomes during laparoscopic surgeries.

Chapter 3 and 4 address a randomised controlled trial using deep NMB during LDN to improve
the postoperative recovery, measured by the Quality of Recovery-40 (QoR-40) questionnaire.
In Chapter 5 the prevalence, risk factors and impact of CPSP following LDN are explored in a
cross-sectional cohort study.

PART Il: OPTIMISING RECOVERY IN KIDNEY TRANSPLANTATION RECIPIENTS

Chapter 6 provides an update on the incidence of urological complications in KTX. Routine
intraoperative ureteric stenting has been proven to significantly reduce the occurrence of
MUCs following KTX. The influence of JJ stents and externally draining ureteric stents on the
postoperative recovery following living donor KTX is studied in Chapter 7.

PART lll: DISCUSSION AND SUMMARY

Chapter 8 contains the general discussion and future perspectives, and Chapter 9 summarises

the main findings of this thesis.
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ABSTRACT

Introduction

Neuromuscular block (NMB) is frequently used in abdominal surgery to improve surgical
conditions by relaxation of the abdominal wall and prevention of sudden muscle contractions.
The evidence supporting routine use of deep NMB is still under debate. We aimed to provide

evidence for the superiority of routine use of deep NMB during laparoscopic surgery.

Methods

We performed a systematic review and meta-analysis of studies comparing the influence of
deep versus moderate NMB during laparoscopic procedures on surgical space conditions and
clinical outcomes. Trials were identified from Medline, Embase, and Central databases from
inception to December 2016. We included randomised trials, crossover studies, and cohort

studies.

Results

Our searchyielded 12 studies on the effect of deep NMB on the surgical space conditions. Deep
NMB during laparoscopic surgeries improves the surgical space conditions when compared
with moderate NMB, with a mean difference of 0.65 (95% confidence interval (Cl): 0.47-0.83)
on a scale of 1-5, and it facilitates the use of low-pressure pneumoperitoneum. Furthermore,
deep NMB reduces postoperative pain scores in the postanaesthesia care unit, with a mean
difference of -0.52 (95% Cl: -0.71 to -0.32).

Conclusions

Deep NMB improves surgical space conditions during laparoscopic surgery and reduces
postoperative pain scores in the postanaesthesia care unit. Whether this leads to fewer
intraoperative complications, an improved quality of recovery, or both after laparoscopic

surgery should be pursued in future studies.

24



Deep block to optimise surgical conditions during laparoscopy

INTRODUCTION

In the last decades, the number of laparoscopic surgeries has increased tremendously. When
compared with open surgery, laparoscopic procedures provide less postoperative pain, shorter
duration of hospital admission, and improved patient satisfaction.! However, the elevated
intra-abdominal pressure (IAP] during pneumoperitoneum (PNP) created during laparoscopic
procedures can affect several homeostatic systems, causing alterations in cardiovascular,
pulmonary, and renal physiology. It is also speculated that the pneumoperitoneum is an
important factor in the cause of postoperative shoulder pain.2 Lowering the IAP might decrease
postoperative pain and the risk of laparoscopy-related complications.® However, low-pressure
PNP impairs the quality of the surgical field, which can increase the risk of intraoperative

complications or conversion to open surgery.’

The quality of the working space is determined by non-modifiable factors (i.e. patients’ obesity,
previous pregnancies, or previous abdominal surgery] and by modifiable factors, such as
anaesthesia-related factors, IAP and body position.* Several trials have been performed showing
that deep neuromuscular blockade (NMB) improves surgical conditions in different types of
laparoscopic procedures."®¢ The depth of NMB is assessed mostly by acceleromyography, at
the adductor pollicis muscle of the thumb. During the use of non-depolarising neuromuscular
blocking agents, such as rocuronium, a train-of-four (TOF) count of 4 twitches means there
are four responses after stimulation, meaning 0-75% of the acetylcholine receptors at the
neuromuscular junction are blocked and there is no or shallow NMB. In moderate NMB, the
TOF count is one to three twitches, meaning that 75-90% of the receptors are blocked. A deep
NMB is defined as a TOF count of 0 twitches and a post-tetanic-count (PTC) of 1-2 twitches.’

A major advantage of NMB is the improvement of intubation conditions for the anaesthetist.
Nevertheless, NMB (and especially deep NMB) can lead to postoperative residual curarisation,
which exposes the patient to additional risks of a delayed recovery of respiratory function,
including aspiration. Since the discovery of sugammadex, it is possible to antagonise a deep
neuromuscular block, which minimises the risk of occurrence of adverse events of residual
muscle NMB.®2 Nowadays, NMB is frequently used in abdominal surgery to improve surgical
conditions, by relaxation of the abdominal wall and prevention of sudden muscle contractions.’
However, the (routine) use of deep NMBiis stillunder debate. Lastyear, Madsen and colleagues®
and Kopman and Naguib'" wrote, respectively a ‘pro-"and ‘con-" position paper concerning the
available evidence supporting (or not) the clinical practice of deep NMB during laparoscopic
procedures. Madsen and colleagues'® stated that there are a few low- risk-of-bias studies to
indicate that the use of deep NMB improves surgical conditions and patients’ outcomes, such

as postoperative pain. In contrast, Kopman and Naguib' concluded that there is not enough
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good evidence available to justify the routine use of deep NMB in laparoscopic procedures. They

stated that evidence for the superiority of deep NMB versus moderate block is non-existent.

We performed the first systematic review including a meta-analysis to obtain data regarding
the influence of moderate and deep NMB during laparoscopic surgeries on surgical space
conditions and clinical outcomes.

METHODS

This review was performed in accordance with the PRISMA guidelines. The review methodology
was specified in advance and registered at Prospero on July 27, 2016, registration number
CRD42016042144.

Amendments to the review protocol

In order to optimise the meta-analysis of the surgical space conditions, we converted the
scales to 1-5 instead of 0-100. Furthermore, we specified the item ‘other risks of Bias’ of
the Cochrane risk-of-bias tool. We took into account whether studies reported on calibration
of the TOF watch, defined deep NMB as PTC1-2, and if they mentioned use of rocuronium as
an escape in the moderate NMB group in the event of insufficient surgical field. To invest the
robustness of our findings on postoperative pain, we added a sensitivity analysis to evaluate the

influence of different levels of IAP.

Literature search strategy

We conducted a systematic, computerized search on PubMed, EMBASE and Cochrane
library. We used the search components ‘laparoscopic surgery’ and ‘deep neuromuscular
blockade’. The search strategy is provided as supplement (S1). We also conducted a search
on ClinicalTrials.gov and World Health Organization - International Clinical Trials Registry
Platform (WHO ICTRP) on December 1, 2016 (see S1). Search results from each database were
combined, with removal of duplicates. In addition, we checked the reference lists of all included
studies and relevant reviews identified by our search for additional eligible references. No
language or publication date restrictions were applied. The search was performed on August
3, 2016 and updated on December 1, 2016. The search update yielded one additional included

reference.

Study selection
Two authors (MB, EH] independently screened the studies for eligibility based on title and
abstract. In a second phase, the same authors performed a full-text assessment for final

inclusion. Studies were included if they met all of the following criteria: (i) the study was an
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original full paper that presented unique data; [ii] the study was performed in human adults;
(iii) the study compared deep or intense NMB with no, shallow or moderate NMB; (iv) the study
was performed in patients undergoing a laparoscopic (intra-abdominal) procedure; and (v) the

study reported on the outcome measure surgical space conditions.

Type of outcome measures

The primary outcome measure was the quality of the surgical space conditions. Studies
measuring the distance between skin and sacral promontory were included in the systematic
review but not in the meta-analysis. Secondary outcome measures were postoperative pain,
conversion to higher PNP pressure or open surgery, duration of surgery, intraoperative

complications, and length of hospital stay.

Study characteristics and data-extraction

The following characteristics were extracted: author, journal and year of publication, gender,
age, weight, body mass index (BMI], and ASA class, body positioning during surgery, type
of procedure, type of NMB, level of NMB in experimental and control groups, scale used to
score the surgical space conditions, pain scores, conversion rates, complications, and timing
of scoring the outcome measurements. Two review authors (MB, EH) extracted the data
independently, discrepancies were identified and resolved through discussion. Data were
extracted if the mean, standard deviation (SD) and number of patients (n) were reported, or
could be calculated, for the experimental and control groups. If the standard error of the mean
(SEM], the range or the 95% confidence interval (Cl) was reported, tit was converted to SD for
meta-analysis. In the event of incomplete data, we contacted authors via e-mail with a request

for additional data.

Study quality and risk of bias assessment

Quality assessment of the included studies was performed using the Cochrane Collaboration’s
tool for assessing risk of bias™ by two authors independently (MB, EHJ. Disagreements between
the authors concerning the risk of bias in particular studies were resolved by discussion. In
addition to the risk- of- bias assessment, we also assessed reporting of a power calculation
ahead of starting the study.

Data synthesis and meta-analysis

Data were analysed using Review Manager (RevMan Version 5.3;the Nordic Cochrane Centre,
Copenhagen: The Cochrane Collaboration, 2014). Meta-analysis was performed only if
sufficient data were available from at least three studies. We computed the raw difference
in means (MD; experimental group mean minus control group mean) for all studies. The
surgical space conditions were converted to a scale from one (extremely poor conditions) to
five (optimal conditions). The duration of surgery was measured in minutes. Postoperative pain
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was reported as an 11-point numerical rating scale [NRS). Data were pooled using a random-
effects model in all analyses to account for anticipated heterogeneity. We reported the effect
estimates as MD with the corresponding 95% Cls. Heterogeneity was analysed and reported
as the I°-test. We aimed to assess publication bias by examining funnel plot asymmetry if the

analysis contained at least 10 comparisons.

Subgroup and sensitivity analyses

We predefined and performed subgroup analyses, if the necessary data were available, to
explore possible causes for heterogeneity and to assess which variables influence the effect
of NMB on surgical space conditions. The subgroup variables were as follows IAP (standard or

low], type of surgery, and BMI.

We performed sensitivity analyses to investigate the robustness of our findings. We tested the
effect of different levels of NMB and IAP. Additionally, we checked whether our results changed
after excluding the non-randomised trials from the meta-analysis.

RESULTS

Study selection and characteristics

The electronic search strategy retrieved 315 records in total, 210 of which were unique. We
excluded 195 records during the screening-phase. Fifteen papers were retrieved for full-text
assessment. Three studies were excluded in the eligibility-phase because they did not report
on relevant outcome measures. The twelve remaining studies fulfilled the inclusion criteria. We
depicted the study selection process in a flow chart (see Figure 1). The characteristics of the

included studies are summarised in Table 1.

All records were published in English. The most performed procedures were laparoscopic
cholecystectomies (36%) or laparoscopic hysterectomies (36%), other procedures included
laparoscopic prostatectomies (18%), colorectal surgeries, nephrectomies, Roux-Y gastric
bypasses or gynaecological laparoscopies other than hysterectomy. The applied level of
pneumoperitoneum differed between 1.1 kPa (8 mmHg) and 2.0 kPa (15 mmHg]. The patients’
BMI was in the majority of the studies (67%) between 18 and 31 kg/m?. The remaining four
studies included also obese patients with a BMI>31 kg/m? All studies used Rocuronium to
create a (deep) NMB. The intubation dose differed between 0 - 1 mg/kg. In eight studies (67%)
deep NMB was compared to moderate NMB, one study compared deep with shallow NMB
and three studies (25%) used patients without NMB as control group. The studies were not
completely consistent in their definition of deep NMB, however the majority [nine studies) kept
to a maximum PTC of 2. The other three studies* ' '® specified deep NMB as PTC 2-3, PTC<5
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o
315 records identified through database
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c Review: 8
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Figure 1. PRISMA flow diagram of study selection process.
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or PTC 1 -TOF 1. Nine of the 12 studies reported on the surgical space conditions, our primary
outcome measure. For two of these studies,’ "7 we could not extract all necessary data to
include them in the meta-analysis.

Applied surgical condition scales were 1-4 (44%), 1-5 (44%) and 0-100 (12%). We included the
overall conditions at the end of the procedure in the meta-analysis. Two studies* '® evaluated
the quality of the surgical field only by measuring the distance from promontory to skin. These
studies could not be included in the meta-analysis. Other reported outcome measures were
postoperative pain (67%], duration of surgery (75%), conversion rate (50%), complications (83%)
and length of hospital stay (17%).

Study quality and Risk of bias

Nine of the 12 studies included in this systematic review reported a power calculation. The
results of the quality assessment of the 12 included studies are presented in Figure 2 (averaged
per item). The quality assessment per individual study is provided as supplement (S2).

Risk of bias
Random sequence generation (selection bias) B |_- 3 Low
Allocation concealment (selection bias) - - B Unclear
Blinding of participients and personnel (performance bias) — |_- s
Blinding of outcome assessment (detection bias) B [ -
Selective reporting (reporting bias) E |
Incomplete outcome data (attrition bias) — |
Other biases [ e
Conflict of interest —:_
0 2 50 75 100

% of studies

Figure 2. Assessment of risk of bias

Ten (83%) out of 12 studies were randomised. Allocation concealment was unclear in 42% of
all studies. Blinding of participants and personnel and blinding of outcome assessment were
reported in 84% of the studies. None of the studies is guilty of selective outcome reporting
or attrition bias. Two studies™ ™ had unclear other risks of bias, due to not mentioning of
calibration. Three studies* '™ had high other risks of bias, because of an inadequate deep
NMB. Last but not least, there was a high risk of conflict of interest (75% of the studies], since
many authors of the included studies received honoraria or funding from companies promoting

deep neuromuscular blockade (and its reversal by Sugammadex).
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Meta-analysis of the surgical space conditions

Seven studies could be pooled in the meta-analysis of the surgical space conditions. Overall,
the surgical space conditions improved with deep NMB by a MD of 0.65 [0.47-0.83] on a scale
of 1-5, see Figure 3. Between study heterogeneity was 46%. Because of the small number of

studies included in the meta-analysis, data were insufficient to perform subgroup analyses.

Meta-analysis of duration of surgery

Eight studies were included in the meta-analysis of the duration of surgery. Overall, there was
no significant difference in duration of surgery between groups with deep NMB and groups with
moderate NMB (MD -1.47 [-4.00-1.05] minutes), see Figure 4. Only the study of Koo® reported a
significant shorter operation time in the deep NMB group. Between study heterogeneity was 0%.

Meta-analysis of postoperative pain in the PACU

Five studies could be pooled in the meta-analysis of postoperative pain in the PACU during the
first hour after surgery. Overall, there was a significant reduction of early postoperative pain in
the group with deep NMB (MD -0.52 [-0.71- -0.32] on an 11-point scale), see Figure 5. Between
study heterogeneity was 0%. We were not able to perform meta-analyses of postoperative pain
after 24 hours, since fewer studies reported on this outcome.

Descriptive summary of other secondary outcome measures

Distance from sacral promontory to skin

The studies of Barrio and colleagues®, Lindekaer and colleagues'and Madsen and colleagues’
quantified the surgical space conditions by measuring the distance from sacral promontory to
skin. All three studies concluded that deep NMB increased the promontory-skin distance in a
significant manner, respectively 0.48 cm, 1.57 cm and 0.33 cm, respectively, at an insufflation

pressure of 1.6 kPa (12 mmHg]).

Postoperative pain after 24 hours

Six studies reported on postoperative pain after 24 hours or later. Two studies’® showed a
significant reduction of pain scores on the first postoperative day, both for overall pain as
shoulder tip pain. Torensma and colleagues™ found a significant reduction of shoulder tip
pain, but showed no proof of reduction of abdominal pain 24 hours after surgery. Madsen and
colleagues? reported an absolute risk reduction of shoulder pain during the 14 days following
surgery, but did not find a significant difference between abdominal pain scores. The studies
of Staehr-Rye and colleagues® and Blobner and colleagues'® found no difference at all in

postoperative pain between the two groups.
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Pressure level of pneumoperitoneum

The studies of Blobner and colleagues' Dubois and colleagues,' Martini and colleagues,?
and Torensma and colleagues' used a stable standard pressure level of pneumoperitoneum
in both groups. The papers of Barrio and colleagues,* Lindekaer and colleagues,'® and Madsen
and colleagues' compared a pneumoperitoneum pressure of 1.1 kPa (8 mmHg) and 1.6 kPa
(12 mmHg] in both groups. They concluded that deep NMB increased the intra-abdominal
space at both pressure levels. The other study of Madsen and colleagues? compared deep NMB
combined with low-pressure pneumoperitoneum (1.1 kPa) and moderate NMB combined with
standard pressure pneumoperitoneum (1.6 kPa). Low-pressure PNP facilitated by deep NMB
reduced postoperative shoulder pain, without prolongation of operating time or influencing
completion of the operation. Koo and colleagues,® Staehr-Rye and colleagues,® and Yoo and
colleagues'” started in both groups at a pneumoperitoneum pressure of 1.1 kPa and increased
the pressure in case of inadequate surgical conditions. All three studies showed that deep
NMB reduced the rate of conversion to standard pressure pneumoperitoneum. Finally, Kim
and colleagues! titrated the lowest IAP allowing acceptable surgical conditions in both groups.
The titrated average IAP was significantly lower in the deep NMB group.

Complications

Kim and collegues' reported five patients in the deep NMB group and three patients in the
moderate NMB group who dropped out after randomisation because of conversion to open
colorectal resection or concurrent operations. None of the other included studies reported
instances of conversion. Serious adverse events were reported by Blobner and colleagues'
and Staehr Rye and colleagues.® In the study of Blobner and colleagues,™ one patient of the
no NMB group had an acute bleeding during surgery. The study of Staehr-Rye and colleagues®
reported two patients with prolonged hospitalisation because of postoperative observation
and two patients who were re-admitted to the hospital because of pain. Moreover, there
were no studies that described deep NMB-related complications, such as allergic reactions,

cardiovascular reactions, or residual NMB.

Length of hospital stay
Length of hospital stay was reported in 2 studies, 2 which showed no significant difference

between the patients who received deep or moderate NMB.
Publication bias

The analyses of the surgical conditions data contained too few studies to assess funnel plot

asymmetry reliably.
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Sensitivity analysis

The study of Dubois and colleagues' and the study of Madsen and colleagues' compared
deep NMB with shallow and no NMB, respectively. Therefore, these studies differ from studies
using moderate NMB as the control group and could exaggerate the mean effect of deep NMB.
Removing these studies from the meta-analysis did not significantly alter the results of the
meta-analysis; see Supplement 3 (S3). The studies of Dubois and colleagues'and Torensma
and colleagues™defined deep NMB as PTC1-TOF count 1 and PTC2-3, respectively, instead of
PTC1-2. Removing these studies from the meta-analysis did not significantly alter the results
(data not shown).

The study by Lindekaer and colleagues' was the only non-randomised study and therefore at
high risk of bias. However, this study was not included in the meta-analysis, because it did not

report on surgical rating scales

We performed an additional analysis to compare the outcome of postoperative pain between
studies with equal levels of IAP and studies with different levels of IAP in combination with deep
or moderate NMB. Both analyses showed a comparable reduction of pain scores, respectively
MD -0.50 [-1.00 to 0.00] and MD -0.48 [-0.76 to -0.21], see supplements 4 and 5 (S4 and Sb).

DISCUSSION

Our results show that the use of deep NMB during laparoscopic surgery improves the surgical
space conditions when compared with moderate NMB, with a mean difference of 0.65 (95%
Cl: 0.47-0.83). Use of deep NMB did not influence the duration of surgery. Moreover, our data
indicate that deep NMB facilitates the use of low-pressure PNP, while increasing the intra-
abdominal space. During deep NMB, there were fewer conversions to higher pressure PNP*
7 and a lower pressure PNP could be achieved with acceptable surgical space conditions.’
Furthermore, no complications related to the use of deep neuromuscular blockade were
reported. Regarding the postoperative outcomes, the meta-analysis of postoperative pain in
the PACU shows a reduction of early postoperative pain in the group with deep NMB, and
possibly, it reduces postoperative pain after 24 hours. There was no proof of shortening the
length of hospital stay.

Important strengths of this study are related to its design as a systematic review including
a meta-analysis with a review protocol published beforehand. Furthermore, it adds the first
evidence concerning the improved surgical conditions and reduced postoperative pain scores

after laparoscopic surgery with deep NMB.
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A limitation of the present study is the heterogeneity between the studies comparing different
types of laparoscopic surgery with different postoperative pain management protocols. For
example, Kim and colleagues' and Torensma and colleagues™ used patient-controlled
analgesia [PCA), whereas Koo and colleagues®used on demand fentanyl i.v.,, resulting in higher
pain scores in the PACU. Another explanation for the heterogeneity between studies might be
related to differences in the control treatment. Some studies used no' " or shallow NMB™ as
a control treatment, whereas others used moderate NMB.2 ¢ This might have influenced the
outcome of the meta-analysis. However, the more recent studies" 5151720 maintained a TOF
count of 1-2 twitches in the moderate NMB group and found comparable significant superior
effects of deep NMB on the surgical space conditions, when compared with moderate NMB.
Furthermore, these findings are supported by the sensitivity analysis, which did not alter the
conclusions. Another imitation of the present study is the high risk of conflict of interests,
revealed by the risk-of-bias analysis (73% of the studies), because some of the authors
received grants or funding from Merck Sharp & Dohme Corp. (MSDJ, including some authors
of this review. However, they all state that the opinions expressed in the papers are those of the
authors and do not necessarily represent those of MSD. Although the impact of this potential
source of bias remains uncertain, it is important to note that the risk of bias with regard to
blinding of personnel and outcome assessors was low.

The included studies reported different scales to quantify the surgical space conditions. Most
of them used Likert scales ranging from one (poor conditions) to four (optimal conditions) or
from one (extremely poor conditions] to five (optimal conditions), or in an inverted manner. All
reported scales were converted to the Leiden Surgical Rating Scale (L-SRS), as reported by
Martini and colleagues,? of which some initial proof of validity is given in the study of Torensma
and colleagues.” The L-SRS is a Likert scale ranging from one (extremely poor conditions)
to five (optimal conditions). Scores of other scales were inverted if necessary. Studies using
a four-point scale in all instances differentiated between optimal/excellent, good, acceptable
and poor conditions. We converted this to five for optimal/excellent conditions, to four for good
conditions, to three for acceptable conditions and to two for poor conditions. As (extremely)
poor conditions almost never occurred, it is unlikely that conversion of the four-point scale
influenced the result of our meta-analysis. The study by Torensma and colleagues® used 0.5
as the smallest clinical relevant difference on the Leiden-Surgical Rating Scale. Meta-analysis
of the surgical space conditions revealed a mean difference of 0.65, which in our view can be
considered as a clinical relevant improvement of the surgical space conditions, as a result of
deep NMB. In theory, improved surgical conditions could lead to a reduction in intraoperative
complications during laparoscopy (i.e. bleeding and organ injury). Unfortunately, this outcome
measure was poorly reported and therefore this important issue could not be addressed in the

meta-analysis.

37



Chapter 2

The study of Staehr-Rye and colleagues® was the only study included in the meta-analysis,
without a significant effect of deep NMB on the surgical space conditions. This study is
the reason for the relative high heterogeneity. The 12 in Figure 3 changes from 46% to 0%
when removing the study of Staehr-Rye and colleagues® from the meta-analysis. A possible
explanation could be that only the studies by Kim and colleagues,' Koo and colleagues,® and
Staehr-Rye and colleagues® used low-pressure PNP. Kim and colleagues' decreased the IAP
from standard pressure (1.6 kPa) without compromising the surgical conditions. Koo and
colleagues® and Staehr-Rye and colleagues® titrated the IAP from a low to higher pressure
(1.1 kPa) if surgical conditions were inadequate. In the study by Staehr- Rye and colleagues,®
the surgery was completed at 1.1 kPa in only 35% of the patients in the moderate NMB group,
versus 60% in the deep NMB group. This explains why Staehr- Rye and colleagues® did not
observe a difference in surgical conditions between moderate and deep NMB.

Theresults of this systematic review showthatdeep NMB facilitates the use of low intraperitoneal
pressure. Several studies have been performed regarding the advantages of the use low-
pressure PNP. A recent systematic review of studies comparing low versus standard-pressure
PNP,?" reveals lower postoperative pain scores after laparoscopy performed with low-pressure
PNP. A recent systematic review® comparing low versus standard intraperitoneal pressure
during laparoscopy found that the use of a lower pressure was associated with a deterioration
of the surgical space conditions. At least in theory, this disadvantage can be resolved by the
use of deep NMB. This is supported by the study of van Wijk and colleagues,?? who found that,
when combined with deep NMB, an almost 25% lower IAP (1.0 kPa) still provided adequate
surgical conditions.

The meta-analysis of postoperative pain in the PACU showed a significant reduction of pain in
the group with deep NMB. However, in three studies the deep level of NMB was accompanied
by a lower pressure PNP when compared with the moderate NMB group. Therefore, it is
difficult to distinguish whether the reduction of pain scores could be attributed to the effect
of the deep NMB or the lower pressure PNP. Nevertheless, separate analyses of the studies
with equal IAP™> 2 and the studies with different pressure levels'® "7 both showed a comparable
significant reduction in pain scores in the deep NMB group (see S4 and Sb). The numerical
rating scale [NRS) to assess postoperative pain is a valid, reliable, and appropriate tool for
use in clinical practice.? However, owing to the subjective nature of pain, it remains difficult
to determine clinical important treatment effects. The studies of Farrar and colleagues? and
Salaffi and colleagues® point out that the highest degree of improvement in patients’ global
impression of change was associated with a mean reduction of two points. Nonetheless, Salaffi
and colleagues® emphasised that clinically significant changes in pain are not uniform along
the entire NRS. The minimal clinically important difference (MCID) might be higher in patients
with higher pain scores, when compared to patients with lower levels of pain. Nevertheless,
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a reduction of 0.5 in postoperative pain scores in general may not be considered as clinically
relevant. A potential mechanism through which a deep NMB reduces postoperative pain
scores could be its effect on the tension of the abdominal wall musculature. Relaxation of the
abdominal wall possibly decreases pain related to stretch of the abdominal wall, exerted by the

IAP during laparoscopic procedures.

In conclusion, this study provides evidence that deep NMB, when compared with moderate
NMB, improves the surgical space conditions during laparoscopic surgery and facilitates the
use of low-pressure PNP. Furthermore, deep NMB reduces the postoperative pain scores in
the PACU. Whether this leads to fewer intraoperative complications, an improved quality of

recovery, or both after laparoscopic surgery should be pursued in future studies.
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SUPPLEMENTAL MATERIAL

Supplement 1. Search strategy
Pubmed:

("Laparoscopy”[Mesh] OR laparoscop*[tiab] OR coelioscop*[tiab] OR celioscop*[tiab] OR
peritoneoscop*[tiab])

AND

("neuromuscular blockade"[MeSH Terms] OR neuromusc*[tiab])

AND

(Deepltiab] OR profoundltiab] OR intenseltiab] OR extremeltiab] OR depthltiab])

Embase:

(laparoscopic* or coelioscop* or celioscop* or peritoneoscop*).ti,ab. OR exp laparoscopy/
AND

(exp Neuromuscular Blocking/ OR (neuromusc*).ti,ab.)

AND

(([deep OR profound OR intense OR extreme OR depth).ti,ab.)

Central:

laparoscop* OR coelioscop* OR celioscop* OR peritneoscop*
AND

neuromuscular

AND

deep OR profound OR intense OR extreme OR depth
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Supplement 2. Quality assessment per individual study

7, unclear risk of bias; L, low risk of Bias; H, high risk of bias.
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ABSTRACT

Introduction

Postoperative recovery after live donor nephrectomy is largely determined by the consequences
of postoperative pain and analgesia consumptions. The use of deep neuromuscular blockade
(NMB) has been shown to reduce postoperative pain scores after laparoscopic surgery. In this
study, we will investigate whether deep NMB also improves the early quality of recovery after

live donor nephrectomy.

Methods

The RELAX-study is a phase IV, multicentre, double-blinded, randomised controlled trial, in
which 96 patients, scheduled for laparoscopic donor nephrectomy, will be randomised into
two groups: one with deep and one with moderate NMB. Deep NMB is defined as a post
tetanic count of 1-2. Our primary outcome measurement will be the Quality of Recovery-40
questionnaire (overall score] at 24 hours after extubation.

Discussion
This study is, to our knowledge, the first randomised study to assess the efficacy of deep
NMB during laparoscopic donor nephrectomy in enhancing postoperative recovery. The study

findings may also be applicable for other laparoscopic procedures.
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INTRODUCTION

As patients with end-stage kidney disease and society both benefit tremendously from living
kidney donors, their safety and wellbeing are highly important objectives in living kidney
donation. A systematic review of the Cochrane collaboration by Wilson and colleagues has
shown that laparoscopic donor nephrectomy (LDN] is associated with reduced analgesia
use, shorter hospital stay, and faster return to normal physical functioning, when compared
with open donor nephrectomy.! Nowadays, the laparoscopic technique has become the gold

standard in procuring live donor kidneys.

Advances in minimally invasive surgery for live kidney donors have led to the development
of new techniques (i.e. laparoendoscopic single site donor nephrectomy, hand-assisted or
robotic-assisted donor nephrectomies). Nevertheless, there is no evidence of superiority of

these techniques as compared with standard LDN. 2

Postoperative recovery is largely determined by the consequences of postoperative pain and
analgesia consumption. Ina previous pilot study of our group,” low-pressure pneumoperitoneum
(PNP] {7 mmHg) during LDN reduced postoperative pain scores as compared to standard
pressure PNP. This finding is in agreement with a meta-analysis showing that the use of
low-pressure PNP provides a clinically relevant reduction in postoperative pain scores after
laparoscopic surgery & To investigate whether the use of low-pressure PNP facilitated by deep
neuromuscular blockade (NMB] not only improves postoperative pain but also the early quality
of recovery, we performed a blinded randomised controlled trial’ in patients undergoing LDN.
Results from this study’ showed that the use of low-pressure PNP did not reduce pain scores
nor improve the quality of recovery. A possible explanation for this finding may be that the
use of a deep NMB reduces PNP-related pain scores by increasing the compliance of the
abdominal wall musculature. As deep NMB was applied in both arms of the study, this may
have abated the analgesic effects of low-pressure PNP. Therefore, we hypothesise that the use
of deep NMB during standard pressure LDN improves the early quality of recovery after LDN
by reducing postoperative pain scores or analgesic consumption.

METHODS

This multicentre, double-blinded, randomised controlled trial will be performed at the Radboud
University Medical Center and the Leiden University Medical Center. We aim to assess the
effectiveness of deep versus moderate NMB during LDN in enhancing postoperative recovery.
All eligible donors will be screened. Patients will be included after written informed consent.
See Figure 1 for the flow chart.
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Figure 1. Flow chart
IAP, intra-abdominal pressure; LDN, laparoscopic donornephrectomy; NMB, neuromuscular blockade;
NSAID, non-steroidal anti-inflammatory drug; SRS, surgical rating score.

Study population

A total of 96 patients will be randomised, based on a computer-generated list, to either deep
NMB (group A] or moderate NMB (group BJ. Stratification by centre will be used. All adult
individuals (>18 years), who are scheduled for living kidney donation are eligible for this study.
Patients are excluded if they meet one or more of the following exclusion criteria: insufficient
control of the Dutch language to read the patient information and to fill out the questionnaires;
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chronic use of analgesics or psychotropic drugs; use of nonsteroidal anti-inflammatory drugs
<5 days before surgery; morbid obesity (body mass index (BMI)>35kg/m?); known or suspect
allergy to rocuronium or sugammadex; neuromuscular disease; indication of rapid sequence
induction; deficiency of vitamin K-dependent clotting factors, coagulopathy or use of coumarin
derivates because of an increased risk of bleeding when combined with sugammadex; or peri-
operative use of fusidic acid or flucloxacillin because of an interaction with sugammadex.

Study protocol

Before the surgeons arrive at the operation room, all study medications are prepared by the
anaesthesiologist or the anaesthesiologist's assistant, after opening the envelope containing
the allocation of treatment. Surgeons, scrub nurses, and research physician are blinded for
group allocation. Covering of the neuromuscular monitoring equipment, nerve stimulator and
computer behind sterile drapes ensures this. The attending anaesthetic staff in the operating
room are not blinded as the anaesthesiologist has to respond adequately to the neuromuscular
monitoring to maintain adequate NMB according to the allocation of treatment.

Neuromuscular function will be monitored in a standardised fashion by an acceleromyograph
at the wrist (TOF-watch-SX, MIPM GmbH). To calibrate the train-of-four (TOF)-Watch, first a
tetanic ulnar nerve stimulus (50 Hz for 5 seconds) will be administered. Thereafter, the TOF-
Watch will be calibrated, followed by 3 measurements to ensure that the TOF ratio differs
by less than 5%. If the TOF ratio differs > 5 % the TOF-Watch will be recalibrated. The post-
tetanic-count (PTC) is obtained by counting 1 Hz twitches 3 seconds after 5 seconds of 50 Hz
tetany. The PTC is used to assess the level of the deep NMB and to give an approximate time

until the return of response to single twitches.

Anaesthesia will be induced with remifentanil 1.0 pg/kg, propofol 1-2 mg/kg and rocuronium
(intubation dose 0.6 mg/kgl). Anaesthesia is maintained with propofol aimed at a bispectral
index score between 45-55 and remifentanil administration will be at the discretion of the
attending anaesthesiologist. Tracheal intubation is performed 2 minutes after administration
of 0.6 mg/kg rocuronium in both groups. For a BMI>30 kg/m? the dose rocuronium will be
adjusted taking into account ideal body weight (IBW). We will use pressure-regulated volume-
controlled ventilation through an endotracheal tube with a mixture of oxygen in airwith5cm H,0
positive end-expiratory pressure and tidal volume between 6 and 8 ml/kg. Minute ventilation is
adjusted to main end-tidal carbon dioxide between 31 and 43 mmHg by changing respiratory
rate during surgery. A nasogastric tube will be inserted for gastric decompression and will be
removed before the end of the surgery. The core temperature will be measured continuously,

with the aim at maintaining it at 36-37° Celsius.
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In group A [deep NMBYJ, infusion of rocuronium (0.3 to 0.4 mg/kg) is started and titrated towards
PTC 1-2. In group B (moderate NMB]J, no additional rocuronium is administered after tracheal
intubation and neuromuscular function will be allowed to recover spontaneously.

All laparoscopic procedures will be performed by two surgeons with at least one experienced
transplant surgeon (>30 LDNs). The primary surgeon assesses the Leiden surgical rating scale
(L-SRS) according to Martini and colleagues'®(see Table 1) after introduction of trocars, and then
every 15 minutes. If surgical conditions are insufficient (SRS 1 or 2), the surgeon only decides
to convert to a higher intra-abdominal pressure (IAP) or an open- or hand-assisted procedure,
if the safety of the patient is compromised. In case of insufficient surgical conditions due to
(severe] muscle contractions (SRS 1-2], the protocol allows a 0.6 mg/kg bolus of rocuronium.
Blood loss will be compensated with colloid solution; for 100 ml blood loss, 120 ml colloid
solution is given. Surgical wounds will be locally infiltrated with 10 mL ropivacaine and the use
of drains is avoided. After skin closure, the NMB is reversed with sugammadex, at a dose of 4
mg/kg in group A and a dose of 2 mg/kg in group B. When the patients have a stable TOF ratio of
more than 0.9 for 2 minutes and are fully awake, extubation is performed. The blinded research
physician will register intraoperative parameters (e.g. L-SRS, blood loss, warm ischemia time,

conversion to open or hand-assisted donor nephrectomy and intraoperative complications).

Table 1. The Leiden surgical rating scale (L-SRS] according to Martini et al.”
Scale Definition Description

1 Extremely poor conditions The surgeon is unable to work because of coughing or the
inability to obtain a visible laparoscopic field because of
inadequate muscle relaxation.

2 Poor conditions There is a visible laparoscopic field, but the surgeon is
severely hampered by inadequate muscle relaxation with
continuous muscle contractions, movements or both with the
hazard of tissue damage.

3 Acceptable conditions There is a wide visible laparoscopic field but muscle
contractions, movements or both occur regularly causing
some interference with the surgeon’s work.

4 Good conditions There is a wide laparoscopic field with sporadic muscle
contractions, movements or both.

5 Optimal conditions There is a wide visible laparoscopic working field without any
movement or contractions.

Postoperative pain and nausea will be assessed at 1, 6, 24 and 48 hours after extubation.
Postoperative pain management is achieved by paracetamol (total 4000 mg daily) and either
patient-controlled analgesia (morphine, 1 mg morphine per bolus, lock-out 6 minutes) or
intramuscular morphine, at the patient’s request. On day 1, patient-controlled analgesia
will be replaced by oral analgesics. If there is postoperative nausea or vomiting, 4 mg
intravenous ondansetron (maximum 12 mg/day) will be administered or, as an alternative,
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10 mg intravenous metoclopramide (maximum 30 mg/day). On day 1 the urine catheter will
be removed and a normal diet and mobilisation will be started immediately. The research
physician will assess all postoperative pain scores and perform daily evaluation with regard to
the use of analgesics and anti-emetics. Discharge criteria will be evaluated daily. Discharge
criteria are adequate pain control with oral medication, passage of flatus or defaecation, intake
of solid food tolerated, patient is mobilised and independent and patient accepts discharge. If
hospitalisation is prolonged hospitalization for non-medical reasons (e.g. social reasons) the

'virtual’ discharge date is listed.

Outcome measures

The primary outcome measure is the total score of the Quality of Recovery-40 Questionnaire
(QoR-40] at 24 hours after extubation. This questionnaire has 40 questions measuring five
dimensions: patient support, comfort, emotions, physical independence, and pain. Each item
is rated on a scale of 1 to 5, giving a minimum score of 40 and a maximum score of 200."" The
QoR-40 is one of the most thoroughly validated assessment tools available for measuring a

patient’s self-assessed quality of recovery after surgery.'

The secondary outcome measures are: intraoperative parameters (e.g. surgical conditions (see
Table 1), operation time, length of PNP, warm ischaemia time, estimated blood loss, conversion
to higher IAP, hand-assisted or open donor nephrectomy, intraoperative complications), the
total QoR-40 score at 48 hours after extubation, post-operative pain (components of pain
scores); postoperative nausea and vomiting (numeric rating scale), the cumulative use of
analgesics and anti-emetics, time to reach discharge criteria, re-admissions and postoperative
complications. Follow-up will be performed after 30 and 60 days, evaluating the pain scores,

complications and the Work and Healthcare Questionnaire.
The extent of pain, nausea and vomiting and cumulative analgesia and anti-emetics use will be

assessed at 1, 6, 24 and 48 hours. Complications and discharge criteria will be evaluated daily.

A complete overview of the time schedule is given in Table 2.

Table 2. Overview of variables and time-points.

-18h Th 6h 24h 48h 30d
QoR-40 questionnaire X X X
Components of pain X X X X X X
Analgesia use X X X X X
Discharge criteria X X X
Evaluation of complications X X X
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Adverse events and reactions

Since the use of a deep NMB with a standard insufflation pressure improves the quality of the
surgical field, there are no risks related to the surgery.'® Preliminary data from our recently
performed Leopard-3 study’ show that the mean SRS (surgical rating scale) was significantly
better during deep NMB with less opiate consumption. A deep NMB can be achieved by higher
doses of rocuronium as compared with the routine intubation dose. To overcome the extended
effects of deep NMB that might lead to airway obstruction, hypoxia, pneumonia, or atelectasis,
sugammadex is administered to antagonise the effects of rocuronium. Sugammadex can be
administered safely to patients, without dose adjustments for young, elderly or obese patients
and can also be safely administered to patients with suboptimal renal function. Patients will
only be extubated when the TOF ratio is >90 %. Furthermore, patients will remain in the post-
anaesthesia care unit for 2 hours, to ensure adequate neuromuscular function.

Sample size calculation

A sample size of 48 patients per group is needed to provide 90% power to detect a 10-point
difference in the QoR-40 score at 1 day after extubation (alpha 5%). Based on our previous
studies,’ the standard deviation is 15 points.

It is generally assumed that a clinically relevant improvement in quality of recovery is
represented by a 10-point difference in QoR-40 score, because a 10-point difference represents
a 15% improvement in the quality of recovery based on previously reported values on the mean
and range of the QoR-40 score in patients after anaesthesia and surgery.'? 118

Data management and monitoring

Subjects will be coded by a numeric code in order to create an anonymous dataset. A Castor
database will be developed and used for data management. Monitoring will be conducted in
accordance with negligible risk maonitoring guidelines of the Dutch Federation of Academic
Medical Centers. The investigator will submit a summary of the progress of the trial to the
accredited medical research ethics committee once a year. Information will be provided on the
date of inclusion of the first subject, numbers of subjects included and numbers of subjects who
have completed the trial, serious adverse events, serious adverse reactions, other problems

and amendments.

Statistical methods

For the primary analysis groups A and B will be compared with regard to the primary end-point
(QoR-40 score at day 1). Analysis of covariance (ANCOVA] will be used to compare groups and to
adjust for co-variates i.e. age, gender, number of arteries, and side of nephrectomy. Statistical
significance will be considered for P < 0.05. All analyses will be performed on an intention-
to-treat basis. When a significant number of patients (>10%) allocated to a moderate NMB
have received deep relaxation due to additional boluses of rocuronium (PTC=2] for the duration
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of >50% of the operation time, both an intention-to-treat and a per-protocol analysis will be
performed. Statistical analyses will be performed with SPSS 22.0 (SPSS Inc., Chicago, IL, USA].

DISCUSSION

LDN has become the gold standard in procuring live donor kidneys. LDN is associated with
reduced analgesia use, shorter hospital stay, and faster return to normal physical functioning,
as compared with open donor nephrectomy. Originally, enhanced recovery programs (ERPs]
have been developed in Europe to address prolonged length of stay after colorectal resections."”
The ERP care pathways reduce surgical stress, maintain postoperative physiological function,
and enhance mobilisation after surgery. It has been shown that ERPs within laparoscopic
surgeries decrease the length of stay, with equivalent morbidity, mortality and readmission
rates.? Likewise, Waits and colleagues?' showed that implementation of an ERP in living donor
nephrectomy improves length of stay and narcotic use, as compared with a standard care
protocol. In our previous trials, we studied the effect of low-pressure PNP during LDN on
postoperative pain scores and the early quality of recovery. Live kidney donors allocated to the
low-pressure group showed lower postoperative pain scores.

The use of a deep NMB could be a new element of an ERP in patients undergoing laparoscopic
surgery. Our primary hypothesis is that the use of deep NMB during LDN improves the early
quality of recovery of living kidney donors. Deep NMB may increase relaxation of the abdominal
wall musculature; this may reduce stretch-related abdominal pain scores after laparoscopy.
Some evidence exists that the use of a deep NMB reduces pain scores independent of the
insufflation pressure. For example, Martini and colleagues™ showed that deep NMB improves
surgical conditions, with reduced postoperative pain scores after laparoscopic surgery.
Moreover, preliminary data of our recently performed study' show that the mean surgical

rating scale was significantly better during deep NMB, with less opiate consumption.

The main strength of our study is that this is the first randomised controlled trial designed
to study the effect of deep NMB on the early quality of recovery. The QoR questionnaire is a
thoroughly validated assessment tool to measure a patient’s self-assessed quality of recovery
after surgery.” Improvement in the early quality of recovery increases patients’ comfort and
may contribute to earlier eating and mobilisation. According to the principles of enhanced
recovery, this may lead to a reduction in hospital stay. Another strength is that we study a highly
homogeneous population of relatively healthy kidney donors. This may reduce bias, as similar
baseline characteristics in both groups decrease the risk of confounding factors. Finally, it
Is reasonable to assume that results from this study also hold for many other laparoscopic
procedures.
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A limitation of this study is that the minimal clinically important difference (MCID] of the
quality of recovery score is still under debate. We performed a power calculation based on
the assumption that the MCID is 10 points. Recently Myles and colleagues published data,? in
which they estimate a 6.3-point difference as the MCID for the QoR-40 score. This estimate was
based on triangulation of distribution- and anchor-based calculations of the MCID. However, it
is important to note that the study population included a broad range of surgical procedures,
varying in extent of the surgery as well as type of surgery. In our view, a 10-point difference
of the QoR-40 score would be more appropriate than a 6.3 difference, as the gain in quality of
recovery has to outweigh the additional costs and expertise required for the application of deep
NMB.

In conclusion, we aim to investigate the effects of deep NMB on the early quality of recovery in

LDN. Our hypothesis is that the use of deep NMB will lead to enhanced recovery after surgery.
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Chapter 4

ABSTRACT

Introduction

Deep neuromuscular blockade (NMB] during anaesthesia has been shown to reduce
postoperative pain scores, when compared with a moderate block. We hypothesised that deep
NMB during laparoscopic donor nephrectomy (LDN) could also improve the early quality of

recovery after surgery.

Methods

This multicentre, double-blinded, randomised controlled trial was performed in patients
scheduled for LDN at the Radboud University Medical Center and the Leiden University
Medical Center, from November 2016 to December 2017. A total of 101 living kidney donors
were enrolled, and 96 patients were included in the analyses. Patients were randomised to
receive deep (TOF count 0; PTC 1-2) or moderate (TOF count 1-3) neuromuscular block. The
primary outcome was the early quality of recovery at postoperative day 1, measured by the
Quality of Recovery-40 questionnaire. Secondary outcomes were adverse events, postoperative

pain, analgesic consumption and length-of-stay.

Results

The intention-to-treat analysis did not show a difference with regard to the quality of recovery,
pain scores, analgesic consumption and length-of-stay. Less intra-operative adverse events
occurred in patients allocated to deep NMB (1/48 versus 6/48). Five patients allocated to a
deep NMB received a moderate block and in two patients neuromuscular monitoring failed.
The as-treated analysis revealed that pain scores were significantly lower at 6h, 24h and 48h
after surgery. Moreover, the quality of recovery was significantly better at postoperative day 2 in

patients receiving a deep versus moderate block (179.5 + 13.6 versus 172.3 + 19.2).

Conclusions

Secondary analysis indicates that an adequately maintained deep neuromuscular block
improves postoperative pain scores and quality of recovery. As the intention-to-treat analysis did
not reveal a difference regarding the primary endpoint, future studies should pursue whether

a thoroughly maintained deep NMB during laparoscopy improves relevant patient outcomes.
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INTRODUCTION

The use of low-pressure pneumoperitoneum (PNP] during laparoscopic donor nephrectomy
(LDN) has been shown to reduce deep intra-abdominal pain and shoulder pain in a previous
trial by our group.” However, the use of low-pressure PNP was also associated with prolonged
operation time and possibly with compromised intraoperative safety. In an additional study,
we showed that the use of low-pressure PNP is facilitated by deep neuromuscular blockade
(NMB].2 Nowadays, deep NMB is an emerging innovation in anaesthesiology and surgery. Many
studies are published on its beneficial effects during surgery when compared with moderate
NMB, including a reduction of postoperative pain,®¢reduced intraoperative adverse events,”®
and improved surgical space conditions.® % ¢ %10 Recently, we performed a systematic review
and meta-analysis on the clinical benefits of deep NMB vs moderate NMB during laparoscopy,
in which we revealed that deep NMB improves the surgical space conditions and reduces
postoperative pain scores, when compared with moderate NMB."" Nevertheless, the need
for and clinical benefit of routine use of deep NMB during laparoscopy is still under debate.
Opponents of deep NMB argue that routine use of deep NMB leads to unnecessary risks of
residual paralysis and additional costs of reversal of NMB with sugammadex, and state that
clinical significant differences between deep and moderate NMB in relevant patient outcome
are missing.'? For example, a study by Kim and colleagues™ found no effect of deep NMB
on the quality of recovery after robotic gastrectomy, when compared with moderate NMB. A
part of the controversy is based on a disagreement on the definition of the different levels of
NMB. Naguib and colleagues™ defined deep NMB as TOF count = 0; PTC=1. In accordance with
Biro and colleagues,' we consider this range to be too broad, as the recovery of the NMB of
the diaphragm precedes recovery at the adductor pollicis muscle.” Dhonneur and colleagues
showed that at PTC=1, diaphragmatic activity is at 10% of control; at PTC = 5, activity has
already doubled to 21% of control.”” Therefore, it is favourable to define deep NMB as TOF count
=0; PTC 1-2, to reach deep relaxation of the relevant muscle groups and prevent minor patient
movements or diaphragm contractions. The aim of this study is to assess the effectiveness of

deep vs moderate NMB during standard pressure LDN in enhancing postoperative recovery.

METHODS

Study design and patients

This randomised controlled clinical trial was performed between November 2016 and
December 2017 at the Radboud University Medical Center (Nijmegen, The Netherlands) and
the Leiden University Medical Center (Leiden, The Netherlands). All adult patients eligible for
LDN were approached at least two weeks before surgery. The study protocol was published'®
and the trial was registered at clinicaltrials.gov (NCT02838134).
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Ethics

The study protocol was approved for both centres by the local ethics committee, the Central
Committee on Research involving Human Subjects, Arnhem-Nijmegen, The Netherlands,
reference number NL58160.091.16, (Chairperson Prof E van Leeuwen) on 27 October 2016.

Oral and written informed consent was obtained from all patients before inclusion.

Randomisation and blinding

A total of 96 patients were randomised, based on a computer-generated list, to either deep
or moderate neuromuscular blockade with stratification for centre. Surgeons, scrub nurses,
and researchers were blinded for treatment allocation. Treatment allocation was concealed in
sealed opaque envelopes. The attending anaesthetic staff were not blinded because they had
to maintain the adequate level of NMB according to the allocation of treatment.

Anaesthesia and surgery

All laparoscopic procedures were performed by two surgeons with at least one experienced
transplant surgeon (>30 LDNs). In all patients, anaesthesia was induced and maintained with
remifentanil and propofol. Neuromuscular function was monitored by the Philips IntelliVue
NMT module (connected to Philips IntelliVue MP70/MX800 patient monitor, software version
J.10.52; Philips, the Netherlands) or TOF-Cuff NMT monitor (RGB medical devices S.A., Spain).
Both groups received an initial bolus dose of rocuronium 0.6 mg/kg. Before administration of
rocuronium 0.6 mg/kg, the NMT module or TOF-Cuff was calibrated.

In the deep NMB group, aninfusion of rocuronium (0.3 to 0.4 mg/kg) was started after intubation
and titrated towards a PTC of 1to 2. In the moderate NMB group, patients received no additional
rocuronium after tracheal intubation and the neuromuscular function was allowed to recover
spontaneously. After skin closure, the NMB was reversed with sugammadex, using 4 mg/kg
in the deep NMB group and 2 mg/kg in the moderate NMB group. Extubation was performed

when the patients had a stable TOF ratio of more than 0.9 for 2 minutes.

Postoperative protocol

Postoperative pain management was achieved by paracetamol (1000 mg every 6 hours) and
patient-controlled intravenous analgesia (1 mg morphine per bolus). On postoperative day 1,
patient-controlled analgesia was replaced by oral analgesics. In case of postoperative nausea
and/or vomiting, ondansetron 4 mg intravenously (maximum 12 mg/day) was administered
or, second choice, metoclopramide 10 mg intravenously (maximum 30 mg/day). On day 1 the
urinary catheter was removed, and patients were encouraged to start immediately with a

normal diet and mobilisation.
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Evaluation of perioperative conditions

The primary surgeon was asked to evaluate the Leiden surgical rating scale (L-SRS)? every
15 minutes after introduction of trocars. In case of insufficient surgical conditions (SRS 1 or
2) with violation of the safety of the patient, the surgeon could increase the intra-abdominal
pressure (IAP) or convert to a hand-assisted procedure or laparotomy. In case of insufficient
surgical conditions due to (severe] muscle contractions (SRS 1-2), the surgeon could request
for an additional 0.6 mg/kg bolus of rocuronium. The blinded research physician registered the

intraoperative parameters.

Outcome measures

The primary outcome measure was the total score of the Quality of Recovery-40 Questionnaire
(QoR-40] at 24 hours after extubation. The QoR-40 is a validated tool to measure a patient's
self-assessed quality of recovery after surgery.” It comprises 40 questions regarding five
dimensions: patient support, comfort, emotions, physical independence, and pain. Each item
is rated on a scale of 1 to 5, giving a minimum score of 40 and a maximum score of 200. A
baseline measurement was performed the day before surgery. Secondary outcome measures
were intraoperative parameters, intraoperative complications requiring corrective action.
Intraoperative blood loss of greater than 200 ml in the collection bottle from the suction device
was regarded as significant and reported. Other secondary outcomes included total score of
the QoR-40 at 48 hours after extubation, postoperative pain scores [numerical rating scale
(NRS)), postoperative nausea [NRS), the cumulative use of analgesics and anti-emetics, time
to reach discharge criteria and length of hospital stay. Follow-up was performed after 30 and
60 days with registration of postoperative complications, graded according to the Clavien-
Dindo classification,??' readmissions and return to daily activity and work.

Sample size calculation and data analysis

Generally it is assumed that a 10-point difference in the total QoR-40 score represents a
clinically relevant improvement in quality of recovery, based on previously reported values on
the mean and range of the QoR-40 score in patients after anaesthesia and surgery.'” Based
upon our previous studies, we used a standard deviation (SD) of 15 points for the QoR score the
first day after surgery.?? A sample size of 48 patients per group was required to provide 90%
power to detect a 10-point difference in the quality of recovery score at 1 day after extubation
(alpha 5%).

Data were analysed on anintention-to-treat basis. After unblinding, the depth of neuromuscular
blockade was analysed to assess the need for an as-treated analysis, as was mentioned in our
previously published trial protocol.” For all analyses, statistical significance was defined as
P less than 0.05. All analyses were performed using SPSS version 22.0 (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0. IMB corp, Armonk, New York, USA).
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RESULTS

Patient characteristics

The process of patient enrolment is depicted in Figure 1. A total of 127 living kidney donors
were screened for enrolment, 18 patients refused consent, seven patients were excluded
because of insufficient command of the Dutch language and one patient was excluded because
of chronic use of psychotropic drugs. A total of 50 patients were allocated to deep NMB and 51
patients to moderate NMB. Five patients were excluded because of withdrawal of consent or
logistical reasons. Therefore, in both groups 48 patients remained for analysis. Patient baseline

characteristics are shown in Table 1. There were no significant differences at baseline.

[ Enrolment ] Assessed for eligibility (n=127)
Excluded (n=26)
»| ¢ Not meeting inclusion criteria (n=8)
+ Declined to participate (n=18)
Randomised (n=101)
Y [ Allocation ] v
Allocated to deep NMB (n=50) Allocated to moderate NMB (n=51)
+ Received allocated intervention (n=49) + Received allocated intervention (n= 50)
«+ Did not receive allocated intervention (n= 1, + Did not receive allocated intervention (n= 1,
due to logistic problems ) due to logistic problems )
v [ Follow-Up ] v
Lost to follow-up (n=1,due to not returning the Lost to follow-up (n=2,due to not returning the
questionnaires) questionnaires)
v [ Analysis ] v
Analysed (n=48) Analysed (n=48)
+ 1 patient missed one page of the QOR-40 + 1 patient did not complete the questionnaires
questionnaire on postoperative day 1 on postoperative day 1 and 2 because of
personal circumstances

Figure 1. Consort flow diagram of patient enrolment
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Table 1. Baseline characteristics

Deep NMB [n=48) Moderate NMB (n=48] P-value
Age [year) 55.7+10.2 56.6+9.7 0.66
Gender [male) 21 (43.8%) 24 (50%) 0.54
BMI (kg/m?] 26729 26530 0.74
Centre [Radboud: LUMC] 35:13 38:10 0.47
Previous abdominal surgery 13 (27.1%) 10 (20.8%) 0.47
Previous pregnancies 21 (43.8%) 21 (43.8%) 1.00
Side of nephrectomy (left) 42 (87.5%) 42 (87.5%) 1.00
Vascular anatomy [multiple vessels) 13 (27.1%) 17 (35.4%) 0.38

Values are presented as mean + SD, or the number of patients (%). NMB, neuromuscular blockade.

Level of neuromuscular blockade

After unblinding, the actual level of neuromuscular blockade was analysed for each individual
patient, from start of surgery until 90 minutes. Within the deep group, a TOF count =0, PTC 1-2
was achieved in 27 patients, and 14 patients achieved a TOF count = 0, PTC=3. In five patients
we failed to achieve a deep NMB [TOF count>0), despite a continuous rocuronium infusion. In
two patients from the deep NMB group, the data on the level of neuromuscular blockade were
missing, due to failure of NMB level registration. Within the moderate NMB group, failure of
NMB registration occurred in five patients. Overall, it appeared that in the deep NMB group,
in 56% of the time an adequate depth of NMB was achieved. Therefore, we performed both an
intention-to-treat analysis and an as-treated analysis, as described in our study protocol.'
In the as-treated analysis, we combined the patients with a TOF count and PTC 1-2 and the
patients with a TOF count 0 and PTC=3 in the deep NMB group. The five patients (10.4%) in
which a TOF count of zero twitches wasn’t achieved, were analysed as moderate NMB. The two
patients in the deep NMB group with missing data on their level of NMB were excluded from

the as-treated analysis.

Primary outcome measure

The mean QoR-40 scores on postoperative day 1 in the deep NMB group and the moderate
NMB group were 169 + 18 and 169 + 15, respectively (P=0.95), as shown in Table 2. Correction
for age, sex, and side of nephrectomy did not affect the results. Also in the as-treated analysis,

no differences were found in the mean QoR-scores on day 1 (P=0.49).
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Table 2. Quality of Recovery-40 questionnaire

Intention-to-treat As-treated
Deep NMB Mod. NMB P-value Deep NMB* Mod. NMB®  P-value

Pre-operative n=48 n =48 n =41 n =53
Overall score 194.9 £ 6.6 196.9 +3.8 0.07 195.1+£6.0 196551 0.24
Physical comfort 57.9£25 588+ 1.8 0.05 58.0+£23 58.6 + 2.1 0.17
Emotional status 43.2+2.5 43817 0.19 43.2+2.6 43.7+1.8 0.32
Physical independence  24.8+0.9 25.0+0.2 0.14 24905 249 £0.7 0.91
Support 34.6+13 34.9+£0.6 0.15 34.7+0.9 348+1.0 0.7
Pain 34.4+13 345+13 0.58 343+13 345+12 0.48
POD 1 n =47 n =47 n =40 n =52
Overall score 169.3+183 1695+£155 0.95 171.1£183 168.7+15.9 0.49
Physical comfort 47.6+8.4 47.1£9.0 0.76 48.1+£8.7 47.0+8.9 0.55
Emotional status 403 4.6 41.7+3.0 0.09 40.7 £ 4.4 41.3+3.6 0.45
Physical independence 18.9+3.6 18.7+3.9 0.81 19.3+3.6 18.7+3.8 0.41
Support 33.4+4.6 34.4£1.4 0.19 33.5+438 34217 0.37
Pain 27.6 £5.4 27.7 + 4.1 0.92 278 5.6 27.6 £4.2 0.81
Discharge on POD 1 0 (0%) 0 (0%) 1.00 0 (0%) 0 (0%) 1.00
POD 2 n =48 n =47 n =41 n =52
Overall score 175.6 £17.8  1753+165 0.93 179.5+£13.6 1723+19.2 0.05
Physical comfort 51573 50.7+8.3 0.61 525+6.6 49.9 £8.6 0.12
Emotional status 403 +4.8 41.2+4.0 0.34 413 +3.7 40.2+5.0 0.24
Physical independence  33.9+ 2.6 345+1.0 0.1 34.6+0.38 33.9+26 0.12
Support 33.9+2.6 34510 0.1 34.6+0.8 33.9+£246 0.12
Pain 28.9 £ 4.1 28.0+4.5 0.32 29.5+3.9 27.7+4.5 0.05
Discharge on POD 2 24 (50.0%) 14 (29.8%) 0.04 21(51.2%) 16 (30.8%)  0.04
Length-of-stay 3.65+0.76 3.79 £ 0.62 0.32 3.59+0.71 381+066 0.12

(days)

Mod. NMB, moderate neuromuscular blockade; deep NMB, deep neuromuscular blockade; PTC, post-
tetanic-count; TOF, train-of-four; 2Including patients with TOF count=0, PTC=3; ®Including patients with
shallow NMB; POD, postoperative day; Values are presented as mean + SD or the number of patients (%).
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Peroperative outcome measures

Peroperative data are shown in Table 3. There were no differences in operation time, warm
ischaemia time, or estimated blood loss between groups. The mean L-SRS scores in the deep
NMB group and the moderate NMB group were 4.8 + 0.3 and 4.7 + 0.5, respectively (P=0.23).
Only the as-treated analysis showed less contractions in the deep NMB group, when compared
with the moderate NMB group (P=0.03). In four patients in the deep NMB group the surgeon
requested an extra bolus rocuronium, versus 13 patients in the moderate NMB group (P=0.02).
Two patients were converted to hand-assisted LDN, both in the moderate NMB group: the first
to provide better sight during dissection of the renal arteries, the second because the large
kidney did not fit in the extraction bag. Intraoperative adverse events were observed in one
patient in the deep NMB group [i.e. venous bleeding), versus six patients in the moderate NMB
group [(i.e. venous bleeding [n=2), arterial bleeding (n=2), ureteral laceration (n=1] and adrenal

laceration (n=1)).

Secondary outcome measures

There was no difference in the mean total QoR-40 score 48 hours after extubation between
groups in the intention-to-treat analysis. However, a larger proportion of the patients with deep
NMB could be discharged on day 2, when compared with the moderate NMB group (50.0%
versus 29.8%, P=0.04). In the additional as-treated analysis, a difference of 7.2 was found in the
mean QoR-40 score on day 2, with a mean score of 179 + 13 in the deep NMB group versus 172
+ 19 in the moderate NMB group, P=0.05.

Postoperative components of pain scores (NRS] are presented in Table 4. The deep NMB group
experienced less intra-abdominal pain on the first postoperative day (2.9 + 2.8 (deep), versus
4.1 + 2.7 (moderate), P=0.04) with a comparable amount of opiate consumption. In the as-
treated analysis, we found the same results on day 1, but also reduced pain scores in the
deep NMB group six hours after surgery, and a reduction of overall pain scores and referred
shoulder pain on days 1 and day 2.

No influence of neuromuscular blockade was found on postoperative nausea, discharge
criteria, or the mean length of hospital stay. Follow up after 30 days showed no differences
between groups in postoperative pain scores, and return to daily activities and work (data not
shown). Postoperative complications during hospital stay and after 30 and 60 days are shown in
Table 5. One patient (from the moderate NMB group) was readmitted to the hospital, because

of a postoperative infection treated with intravenous antibiotics.
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Table 5. Postoperative complications

Intention-to-treat As-treated
Deep Mod. Pvalue Deep Mod. Pvalue
NMB NMB NMBe NMB®

During hospital stay n=48 n =48 n =41 n=52

Number of complications 2(4.2%) 4(85%) 0.38 2(4.9%)  41(7.7%) 0.58

Type of complications

e Infection (ClavienDindo grade 2] 1(2.1%)  31(6.4%) 0.30 1(2.4%)  3(5.8%) 0.42

uTi 0(0%)  2(4.3%) 000%)  2(3.8%)
Epididymitis 0(0%)  1(2.1%) 0 (0%) 111.9%)
Other 1(2.1%)  0(0%) 1(2.4%)  0(0%)

e Hypertension 1(21%)  1(21%) 1.00 1 (2.4%) 1(1.9%) 0.87
[ClavienDindo grade 2]

30 days after surgery n =48 n =48 n =41 n =52

Total number of complications 7(14.6%) 5(10.6%) 0.56 5(12.2%) 7(13.5%) 0.86

Type of complications

e Infection [ClavienDindo grade 2] 6(12.5%) 4(8.5%) 0.53 4(9.8%)  6(11.5%) 0.79

uti 3(6.2%) 2 (4.3%) 2(4.9%)  3(5.8%)
Epididymitis 1(21%)  1(2.1%) 0 (0%) 2 (3.8%)
Wound infection 1(2.1%) 0 (0%) 1(2.4%)  0(0%)
Other 1021%) 1(2.1%) 102.4%)  1(1.9%)

* Hypertension 1021%)  1(2.1%)  1.00 1(2.4%)  101.9%) 087
[ClavienDindo grade 2]

60 days after surgery n =48 n =48 n =41 n =52

Total number of complications 9(18.8%) 51(10.6%) 0.27 7017.1%)  7(13.5%) 0.63

Type of complications

e Infection [ClavienDindo grade 2] 8(16.7%) 4(8.5%) 0.23 6(14.6%)  6(11.5%) 0.66

uTi 4(83%)  2(4.3%) 3(7.3%)  31(5.8%)
Epididymitis 1(21%)  1(2.1%) 0 (0%) 2 (3.8%)
Wound infection 2(4.2%)  0(0%) 2(4.9%)  0(0%)
Other 1(21%)  1(2.1%) 1(2.4%)  1(1.9%)
¢ Hypertension 1(21%)  1(2.1%)  1.00 1(2.4%)  1(1.9%) 087

[ClavienDindo grade 2]
Number of unplanned readmissions ~ 0(0.0%) 1(2.1%) 0.31 0(0.0% 1(1.9%) 0.37

Mod. NMB, moderate neuromuscular blockade; Deep NMB, deep neuromuscular blockade; PTC, post-
tetanic-count; TOF, train-of-four; 2Including patients with TOF count=0, PTC=3; ®Including patients with
shallow NMB; UTI, urinary tract infection. Values are presented as number of patients (%).
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DISCUSSION

This study did not show a significant effect of deep NMB during LDN on the quality of recovery
at the first day after surgery, which was the primary outcome measure. Despite a clear protocol
regarding neuromuscular monitoring and rocuronium dosing, in 14 patients allocated to a deep
NMB more than 50% of the measurements showed a TOF count 0, PTC=23, instead of TOF count
0, PTC 1-2. In five patients within the deep NMB group, only a moderate NMB (TOF count>0)
was achieved. Therefore, we performed an as-treated analysis, in which we compared deep
NMB (including patients with TOF count 0, PTC=3) with moderate NMB [(including patients with
shallow NMB].

The as-treated analysis revealed that the quality of recovery was better at postoperative day 2
for those patients who received a deep NMB that was adequately maintained during surgery
as compared with those receiving a moderate NMB. This improvement in quality of recovery in
patients with a deep NMB may be attributed to significantly lower overall and referred shoulder
pain scores. Furthermore, a larger proportion of the patients in the deep NMB group could
be discharged at day 2 after surgery, when compared with the group with moderate NMB,
although this did not lead to a significant reduction in the mean length of hospital stay. Finally,
we observed less intraoperative adverse events within the deep NMB group when compared
with the moderate NMB group, therefore we hypothesise that the use of deep NMB improves
patient safety during the procedure.

The L-SRS is a Likert scale to score the intra-operative surgical conditions, ranging from
1 (extremely poor conditions] to 5 (optimal conditions).” In contrast to our earlier published
systematic review and meta-analysis,'' this study revealed no improvement in the overall
surgical space conditions for the group allocated to deep NMB, when compared with moderate
NMB. This can possibly be explained by the fact that the mean SRS was already very high (4.7/5)
in patients receiving a moderate NMB. Possibly the use of standard IAP (12 mmHg) during
transperitoneal laparoscopic procedures in non-obese patients, provides optimal surgical
conditions in a majority of cases with moderate muscle relaxation. Moreover, the 5-point
L-SRS may not be able to detect subtle improvements in surgical conditions when deep NMB
is applied. Nevertheless, we observed a small but significant improvement in the subscore for
muscle contractions in patients allocated to a deep NMB.

The secondary analysis suggests that an adequately maintained deep NMB reduces
postoperative pain scores after LDN, when compared with moderate NMB. A possible
explanation is that deep NMB more effectively relaxes the abdominal wall as compared with
moderate NMB, which leads to less pressure induced tissue-injury, and hence less deep intra-
abdominal pain and shoulder tip pain. Combining deep NMB with low pressure PNP might lead
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to even further reduction of postoperative pain scores. Further research is required to study
the beneficial impact of lower IAP combined with deep NMB on the quality of recovery after
laparoscopic surgery.

The main strengths of this study are related to its double-blinded randomised controlled
design, with computer-generated randomisation with allocation concealment and blinding
for the assessment of the primary outcomes. Second, the multicentre design with different
surgical teams and many different anaesthesiologists provides a good basis for the subsequent
generalisation of our findings. And third, we published a study protocol beforehand. All the
reported outcomes and analyses were described a priori in this protocol, which reduces the

risk of reporting bias.

The main limitation of this study is related to the difficulty to achieve and maintain the intended
depth of neuromuscular blockade. Patients allocated to the deep NMB group, were titrated
towards a PTC of 1 to 2. Despite high dosages of rocuronium with continuous infusion (on
average a total of 1.2 + 0.4 mg/kgIBW/h including the intubation dose and up to >300 mg total
dose), achieving and/or maintaining the intended deep NMB was not successful in 21/48
patients who were allocated to the deep NMB group. Criteria for re-allocation of patients were
defined in our study protocol that was published beforehand. The differences between the
intention-to-treat and the as-treated analyses indicate that to achieve the maximum effect in
pain reduction, quality of recovery and intraoperative safety, the deep NMB must be consistently
maintained and continuously monitored to guide the necessary frequent additional dosing of

neuromuscular blocking agent.

Possible explanations for our failure to reach or maintain an adequate depth of NMB in some
patients could be that the initial intubation dose of rocuronium in the deep NMB group was too
low to ensure an adequately deep block at the start of surgery. Because of differences between
patients in sensitivity for and elimination of rocuronium, some patients need higher dosages to

reach the same level of neuromuscular blockade.?

In our view, future studies should focus on the use of deep NMB to improve the safety during
laparoscopic surgery. In certain surgeries, a PTC of 1 to 2 is required to prevent minor patient
movements or diaphragm contractions,”™ " therefore it would be favourable to aim for a deep
NMB, defined as a TOF count of 0 twitches and a PTC of 1-2 twitches. For translation into
routine clinical practice, it is very important that anaesthesia staff are well trained in how to
achieve and maintain an adequate deep NMB, guided by neuromuscular monitoring. When
using an inhalational anaesthetic such as sevoflurane, instead of an infusion of propofol, lower
(maintenance) doses of rocuronium might be sufficient for the maintenance of deep NMB
during anaesthesia.?

T4



Deep versus moderate block during laparoscopic donor nephrectomy (RELAX-study)

In conclusion, our results did not show a beneficial effect of deep NMB on the quality of recovery
after LDN at the first day after surgery, when compared with moderate NMB. Nevertheless, the
secondary analysis indicates that an adequately maintained deep NMB during LDN improves
postoperative pain scores and quality of recovery. To achieve the maximum effect in pain
reduction, postoperative recovery and intraoperative safety during LDN, deep NMB must be
consistently maintained with high dosages of neuromuscular blocking agent guided by vigilant

neuromuscular monitoring.
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Chapter 5

ABSTRACT

Introduction
Chronic postsurgical pain (CPSP) following laparoscopic donor nephrectomy [LDN) is a

disregarded topic.

Methods

We performed a cross-sectional study, inwhichall patientswho underwenta LDN at the Radboud
University Medical Center (Radboudumc; 2003-2016) were approached for participation and
asked to complete two questionnaires, including the Mc Gill Pain questionnaire and the RAND
Short Form-36 Health Status Inventory (RAND SF-36) regarding their health-related quality of
life (HRQoL.

Results

Five hundred twelve living kidney donors were included. The mean prevalence of CPSP
following LDN was 5.7% with a mean follow up-time of 6 years. Possible predictors of CPSP
following LDN are severe early postoperative pain, previous abdominal surgery, and pre-
existing backache. The RAND SF-36 questionnaire revealed an impaired HRQoL in patients
with CPSP when compared with patients without CPSP.

Conclusions

This study revealed that the prevalence of CPSP following LDN is substantial. Given the possible
association between the presence of CPSP and impaired HRQoL scores, living kidney donors
should be well informed in the preoperative phase about the risk of CPSP.
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INTRODUCTION

Laparoscopic donor nephrectomy (LDN) is the gold standard approach for living donor kidney
procurement. When compared with open donor nephrectomy, LDN is associated with less
postoperative pain, faster recovery, shorter length of hospital stay, quicker return to normal
daily activities, and a better cosmetic result.! Yet, some long-term donor outcomes after LDN,
such as chronic postsurgical pain (CPSP), seem to be an underexposed topic. CPSP is defined
by the International Association for the Study of Pain (IASP] as pain that develops after a
surgical procedure and persists for at least 3 months after surgery, where all other causes
of pain (e.g. infection, recurring malignancy) or pre-existing pain problems are excluded.?*
Possible pathological factors leading to CPSP include inflammation, tissue and nerve damage
and altered central pain processing.®¢ Well-known preoperative and postoperative risk factors
are preoperative pain, early postoperative pain, previous surgery, psychological factors or
disorders, patient characteristics (i.e. younger age and female gender), comorbidities, and
alterations in central pain processing.>¢ In addition, the surgical technique can influence the
development of CPSP, which is possibly related to the extent of intraoperative nerve injury and
adhesion formation. A laparoscopic technique might reduce the intraoperative nerve damage;
however, the literature on CPSP following laparoscopic versus open procedures is inconsistent.
Gerbershagen and colleagues described an incidence of CPSP following open nephrectomy
(for benign and malignant renal disease) of 28.6% and 8.6%, after 3 and 6 months, respectively.”
Another study by Alper and colleagues® compared the incidence of CPSP following open versus
laparoscopic nephrectomy for renal cell carcinoma. Two months after surgery they observed
postsurgical pain in 16% of the patients who underwent an open procedure, and in 11% of
the patients who underwent a laparoscopic procedure. After 6 months, only one patient in
both the open nephrectomy group and the laparoscopic nephrectomy group reported CPSP
(4% and 3.7%, respectively). Accordingly, they stated that the risk of developing CPSP after
open or laparoscopic tumor nephrectomy is comparable. A small cohort study, performed by
Owen and colleagues,’ assessed the incidence of CPSP following open donor nephrectomy.
After a follow-up period of 3 months, 33% of 81 participants reported the presence of CPSP
following their donor nephrectomy. Wolf and colleagues compared the convalescence after
hand-assisted laparoscopic donor nephrectomy and open donor nephrectomy.'” Two of 11
(18%) hand-assisted donors and 14 of 17 (82%) open surgical donors reported minor residual
effects from the operation (P = 0.0015), with a median follow-up time of 35-37 weeks, which
included skin numbness, pain (usually with activity], and bulging at the incision. No studies
have been performed on the development of CPSP following LDN. CPSP can have a significant
impact on health-related quality of life (HRQoL) and daily activities, as described in patients
who underwent gastrointestinal surgery."""™® To our knowledge, the impact of CPSP after LDN
on HRQoL is unknown. The aim of this cross-sectional study was to explore the prevalence and
risk factors of CPSP following LDN and its impact on the HRQoL.
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METHODS

Study design and patient population

A cross-sectional study was performed among all living kidney donors who underwent a
LDN from January 2003 through December 2016 at the Radboud University Medical Center
(Radboudumc] Nijmegen. All types of laparoscopic procedures were included. The gold standard
at the Radboudumc is a transperitoneal approach; in selected cases the surgeon chooses for
a hand-assisted retroperitoneoscopic approach (HARP), or if needed a conversion to a hand-
assisted laparoscopic donor nephrectomy (HALDN). Patients were eligible if they were able and
willing to complete two questionnaires regarding chronic pain problems related to their donor
nephrectomy and their HRQoL. All patients were approached by phone or mail, and after their
consent they received the questionnaires and were asked to complete and return them. The
study was approved by the Medical Ethics Committee of the Radboudumc (2017-3110).

Measures

The primary analysis consisted of the prevalence of CPSP following LDN. All included patients
were asked if they still experienced pain related to their donor nephrectomy at the time that
they were approached for this study. Patients were considered to have CPSP if their answer
was ‘yes'. In that case, the patients were asked to complete the Dutch version of the Mc Gill
Pain Questionnaire (MPQ)."* ' In addition, all included patients (with and without chronic pain)
were asked to fill in the Dutch version of the RAND Short Form-36 Health Status Inventory
(RAND SF-36) regarding their HRQoL."® "7

The MPQ is a validated multidimensional pain questionnaire designed to measure the quality
and intensity of chronic pain.' " The main section includes a list of 63 words, arranged in
20 categories, describing different aspects of the experienced pain, each with three or four
intensity levels. These words are divided into three major classes, that is, the sensory class
describing the sensory quality of the pain; the affective class describing affective qualities of
pain, including tension, fear and autonomic reactions to the pain experience; and the evaluative
class, describing the subjective overall intensity of the pain. The quality of the pain is described
by the chosen words specifically. Each word is accompanied with a value, based on its rank
order within the word set of its category. The pain intensity is measured by the number of words
chosen [NWC) and the Pain Rating Index (PRI), which is the sum of the rank values calculated
for each of the three classes separately and in total. A higher score indicates worse pain. The
PRI scores are useful mainly as a reference value to evaluate the effect of strategies to reduce
CPSP. The MPQ also contains a Visual Analogue Scale (VAS), which represents the pain severity
at the time point of the questionnaire, and is filled out by the participant. In addition, the MPQ
includes a section about localisation, duration and course of the pain, and a quality of life

82



Chronic pain following laparoscopic donor nephrectomy

section. We did not include the quality of life section because we added a separate quality of

life questionnaire.

The RAND Short Form-36 Health Status Inventory (or RAND SF-36) is a validated self-
administered questionnaire on HRQoL." " It is composed of 36 questions, organised into eight
multi-item scales: physical functioning, bodily pain, role limitations due to physical health
problems, role limitations due to personal or emotional problems, general mental health,
social functioning, energy/fatigue, and general health perceptions. The scores range from 0%
to 100% per subscale, with higher scores indicating higher levels of functioning or well-being.

We obtained preoperative data on the quality of life from a selection of our patient group,
provided by Wirken and colleagues, who performed a study on the predonation cognitions of
potential living organ donors between 2010 and 2011." Therefore, we were able to compare

preoperative and postoperative quality of life scores between patients with and without CPSP.

From all included patients, the medical records were reviewed to obtain information on
their age during surgery, body mass index (BMI), and relevant history, including previous
abdominal surgery, pre-existing pain problems (including spinal disc herniation and whiplash
syndrome), and psychiatric disorders. In addition, perioperative and postoperative data were
retrieved, including side of nephrectomy, duration of surgery, conversion to hand-assisted or
open procedures, presence of severe early postoperative pain, analgesic use, postoperative
complications, length of hospital stay, and readmissions within 3 months after surgery. We
specified severe early postoperative pain as pain for which prolonged hospitalisation (>5 days],
prolonged opioid use (stated as continuation after discharge, which is not standard of care at

our centre), or anaesthesia consultation for adequate pain management was necessary.

Statistical analysis

Due to the design of this study, no sample size calculation was performed. Continuous data
were presented as mean and standard deviation (SD); categorical data were presented as
number and percentages. We used Student t-test to compare normally distributed continuous
variables and the chi- square test for categorical variables. Binary logistic regression was
performed to identify possible risk factors for CPSP following LDN. All available variables were
included in a univariate model. Variables with a significance level of P<0.05 in the univariate
analysis were included in the multivariate model. We did not perform data imputation, as the
amount of missing data within our study cohort was negligible. For all analyses, statistical
significance was defined as P<0.05. All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS IBM Statistics 22; Armonk, NY).
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RESULTS

Patient enrolment

A total of 862 patients underwent a LDN at the Radboudumc Nijmegen in the period from
January 2003 through December 2016. Forty-nine patients were ineligible, since they passed
away or because their contact details were lost. The remaining 813 patients were approached
by phone or mail for written informed consent and participation between April 2017 and July
2017. We received response from 542 patients (66.7%), of which 28 declined informed consent
and 2 were not able to complete the questionnaires because of illness. The remaining 512 adult
living kidney donors signed informed consent and returned the questionnaires. The patient

enrolment is depicted in Figure 1.

All patients who underwent a LDN ‘

between 2003 and 2016 m

Ineligible N= 49
|- deceased (N= 18)

- invalid address(N = 31)

approached for participation ‘

Excluded N=301

- declined (N= 28)
- unablef(ill) (N= 2)
informed consent and inclusion ‘ - noresponse (N=271)

Figure 1. Flow chart patient enrolment
LDN, laparoscopic donor nephrectomy.

Patient characteristics

The mean age + at time of nephrectomy was 54.4 + 9.9 years. Forty-seven percent were male
patients. The average length of follow-up after surgery was 75.2 + 44.3 months. The patient
characteristics are presented in Table 1. We compared these patient characteristics with those
of the nonrespondents group. The mean age of our respondents group was 6 years older, when
compared to the nonrespondents group. There were no statistically significant differences in

gender distribution and average length of follow-up after surgery between the groups.
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Prevalence of CPSP

In the group of 512 living kidney donors, 29 patients (5.7%) reported the presence of chronic
pain related to their donor nephrectomy. The highest prevalence (12.2%) was reported in the
group with a follow-up time of 3 to 24 months after surgery. The prevalence of CPSP per follow-

up interval is presented in Figure 2.

[@Patients without pain EPatients with pain ¢ % of patients with pain
100

90

80

70
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Number of patients

30
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0 T T T
3 months 2-4 years 4-6 years 6-8 years 8-10 years >10 years
-2years

Duration since surgery

Figure 2. Prevalence of CPSP per period of follow-up time
CPSP, chronic postsurgical pain.

Mc Gill pain questionnaire

Pain characteristics were evaluated by the MPQ, presented in Table 2. Pain unset was slowin 16
patients (55.2%) and acute in 10 patients (34.5%). Various courses of pain were reported; most
patients (48.3%) experienced continuous pain, differing in severity, but 37.9% of the patients
described pain attacks with pain-free intervals. The most reported pain localisations were the
flanks (25.0%), especially at the side of surgery, followed by the groin (18.2%) and suprapubic
region (15.9%). Seven patients also experienced referred pain sensations. The mean general
pain quantity, measured by a VAS, was a score of 20 (+ 22] of 100.
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Table 1. Patient characteristics

All patients

Variables n=512
Age during surgery (yrs) 54.4+9.9
Gender (male) 242 (47.3%)
BMI (kg/m?) 262+3.6
Side of nephrectomy (left) 433 (84.6%)
Type of procedure:

- transperitoneal 457 (89.3%)
- retroperitoneoscopic 38 (7.4%)

- converted to hand-assisted 11 (2.1%)

- converted to open surgery 6 (1.2%)
Length of follow-up period n (%)

3 months - 2 yrs 74 (14.5%)
2-4yrs 96 (18.8%)
4-byrs 89 (17.4%)
6-8yrs 76 (14.8%)
8-10yrs 84 (16.4%)
10-14 yrs 93 (18.2%)

Abbreviations: yrs, years; BMI, body mass index; Categorical variables are presented as n (%), continuous
variables are presented as mean + SD

The mean NCW was 6.2 of 20 words. Sensory descriptors were chosen more frequently than
affective or evaluative terms. The most frequently selected words were nagging (n=12; 41.4%)
and stabbing (n=11; 37.9%) in the sensory class; tiring (n=6; 20.7%) in the affective class; and
annoying (n=16; 55.2%) in the evaluative class. The mean pain intensity measured by the total
score of the PRI [PRI-T)was 10.21 (SD 9.06; maximal possible score 63). We performed subgroup
analyses to assess the pain intensity (PRI-T) in different types of patients, data are shown in
Table 3. Pain intensity was higher in younger patients than older patients (P=0.01). Gender,
BMI, side of nephrectomy and time since surgery were not of influence on the level of pain. We
did not compare the different types of procedures, as the numbers of patients per group were
too small to draw conclusions. Eight patients (27.6%) reported the use of analgesics because
of their experienced pain, mostly paracetamol or nonsteroidal anti-inflammatory drugs, one
patient reported the use of tramadol. None of the patients reported consultation of a pain

specialist.
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Mc Gill Pain Questionnaire components

Start of pain

Acute

Slowly

Unknown

Course of pain experience

Pain attacks, with pain free moments
Continuous, differing in severity
Continuous, stable severity
VAS, general (0-100)

VAS, least pain (0-100)

VAS, worst pain (0-100)
Localization of pain

Flanks

Groins

Supra pubic region

Lower back

Upper back

Extremities

Upper abdomen

Other (scrotum, shoulders, head)
Referred pain present

Pain intensity

NWC-S (0 to 12 words)

NWC-A (0 to 5 words)

NWC-E (0 to 3 words)

NWC-T (0 to 20 words)

PRI-S (0 to 36)

PRI-A [0 to 15)

PRI-E (0 to 12)

PRI-T (0 to 63)

Chronic pain following laparoscopic donor nephrectomy

Patients with CPSP
n=29

10 (34.5%)
16 (55.2%)
3(10.3%)

11 (37.9%)
14 (48.3%)
2 (6.9%)
20+ 22
9+ 11
45+ 28

11 (25.0%)
8(18.2%)
7 (15.9%)
6 (13.6%)
4(9.1%)
3(6.8%)
2 [4.5%)
3(6.8%)
7 (24.1%)

3.34+£2.91
0.90+ 1.24
1.97+1.18
6.21+4.58
5.69 £5.63
1.28+1.81
3.24 £2.59
10.21 £ 9.06

CPSP, chronic postsurgical pain; yrs, years; VAS, visual analogue scale; NWC-S, number of words chosen
of the sensory scale; NWC-A, NWC of the affective scale; NWC-E, NWC of the evaluative scale; NWC-T,
total NWC; PRI-S, pain-rating index of the sensory scale; PRI-A, PRI of the affective scale; PRI-E, PRI of
the evaluative scale; PRI-T, total PRI. Categorical variables are presented as n (%), continuous variables

are presented as mean + SD.
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Table 3. PRI-T subgroup analyses

Analysis
All patients
Gender
Male
Female
Age [yrs)
35-40
40-45
45-50
50-55
55-60
60-65

BMI (kg/m?)
<25

25-30

>30

Side of nephrectomy
Left

Right

Time since surgery (yrs)
0-2

2-4

4-6

6-8

8-10

10-14

PRI-T, total pain rating index (score 0-63); BMI, body mass index; yrs, years. Data were analysed using

Number of patients
29 (of 512 patients)

10
19

o~ 00 B~ N o W

27 (of 433 procedures)
2 (of 79 procedures)

9 (of 74 patients)
5 (of 96 patients)
2 (of 89 patients)
5 (of 76 patients)
4 (of 84 patients)
4 (of 93 patients)

ANOVA. Variables are presented as mean + SD.

Risk factors for the development of CPSP

The group of patients with CPSP comprised of 10 male (34.5%) and 19 female (65.5%) patients,
with a mean age at time of nephrectomy of 52 + 9 years and a BMI of 26.8 + 4.4 kg/m2. Ninety-
three percent of the donors with CPSP donated their left kidney. Relevant history included
previous abdominal surgery (41.4%), pre-existing pain problems (31.0%) and psychiatric
disorders (6.9%). Ten patients (34.5%) had severe early postoperative pain. We performed
binary logistic regression to identify predictive factors for CPSP following LDN, presented
in Table 4. In the univariate analysis, severe early postoperative pain, previous abdominal
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Mean PRI-T
10.21 +9.06

9.30 £ 2.44
10.68 + 9.85

21.00+14.18
14.17 £ 10.05
13.00 £ 16.97
8.50+4.80
6.63 £5.90
5.83 £ 4.49

13.00 + 10.59
11.27 £ 8.27
2.00+2.12

9.74 £ 8.92
16.50 £ 12.02

10.22 £ 9.36
8.20£5.72
13.50 £ 7.78
11.20 £ 12.56
16.50 £ 11.33
3.50 £ 1.00

P-value

0.70

0.01

0.08

0.32

0.48
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surgery, pre-existing pain problems, psychiatric history, and postoperative wound problems
(i.e. wound infection or hernia) had a significance level of P<0.05. These variables were
included in the multivariate analysis, in which the presence of severe early postoperative pain,
previous abdominal surgery, and pre-existing pain problems turned out to be predictors for
the development of CPSP following LDN. The patients with CPSP localised at the back, did not
report pre-existing backache problems.

Within all 29 patients with CPSP following their LDN, there were no negative outcomes of the
recipients (in all cases a well-functioning graft within the first year). Therefore, we conclude

that it is unlikely that our results were influenced by the recipients’ outcomes.

Table 4. Univariate and multivariate regression analysis for CPSP following LDN

Parameters Univariate analysis P-value Multivariate analysis P-value
[OR (95% CI)] [OR (95% CI)]

Age at time of surgery 0.975(0.940 - 1.011) 0.172 - -

Gender (male) 0.569 (0.259 - 1.250) 0.160 - -

BMI (kg/m?) 1.046 (0.946 - 1.157) 0.378 - -

Side of nephrectomy (left) 2.573(0.599 - 11.044)  0.204 - -

Duration of surgery 1.398 (0.730 - 2.675) 0.312 - -

Converted to HARP, HALDN or  2.311 (0.503 - 10.626) 0.282 - -

open procedure

Severe early postoperative pain  3.143 (1.402 - 7.044) 0.005 2.470(1.036 - 5.888) 0.041

Length of hospital stay 1.054 (0.901 - 1.234) 0.509 - -

Postoperative readmission 2.895(0.617 - 13.591)  0.178 - -

Time from surgery 0.992(0.983 - 1.001) 0.097 - -

Previous abdominal surgery 5.608 (2.542 - 12.373) <0.001  5.170(2.278 - 11.733]  <0.001

Pre-existing pain problems 4.174(1.798 - 9.692) 0.001 3.326 (1.343 - 8.237) 0.009

Psychiatric history 5.889(1.135-30.559)  0.035 3.983(0.537 - 29.522)  0.176

Postoperative wound infection ~ 2.841(1.018 - 7.928) 0.046 1.210(0.322 - 4.551) 0.778

or hernia

CPSP, chronic postsurgical pain; BMI, body mass index; HARP, hand-assisted retroperitoneoscopic

procedure;

HALDN, hand-assisted

laparoscopic donor nephrectomy; LDN,

nephrectomy; OR, odds ratio; 95% CI, 95% confidence interval.

laparoscopic donor

Health related Quality of Life

The postoperative HRQoL of living kidney donors with CPSP was lower, when compared with
donors without pain, as shown in Table 5. A major difference (32.6%) was seen with regards to
role limitations due to physical health problems between donors without CPSP (89.7% + 27.5%)
and donors with CPSP (57.1% + 47.1%) (P=0.001). Furthermore, on the scale of bodily pain, the
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level of functioning in the group with CPSP was 20% lower (72.1% + 21.6%), when compared to
donors without CPSP (92.1% + 16.0%), [P<0.001), and also a reduction in energy of 18.3% was
found in the patients with CPSP, when compared to patients without CPSP (P<0.001).

Table 5. HRQoL after donor nephrectomy (RAND SF-36)

RAND SF-36 subscales (%) Whole group Patients with Patients without  P-value
pain pain

n=512 n=29 n=483
Physical functioning 91.0+15.4 80.7£18.9 91.6£14.9 0.005
Role limitations due to 87.9+29.8 571+ 471 89.7+27.5 0.001
physical health problems
Role limitations due to personal 93.6 £22.2 80.5+38.3 94.4 +£20.6 0.063
or emotional problems
Energy/fatigue 70.0+£19.2 52.8+19.7 71.1+18.7 <0.001
General mental health 81.9 +14.2 71.4+£169 82.6+13.8 0.002
Social functioning 92.5+16.1 83.6 + 23.4 93.0+15.4 0.041
Bodily pain 90.9£17.0 721 £21.6 92.1£16.0 <0.001
General health perceptions 76.0 £ 18.6 63.2+21.1 76.7£18.1 <0.001

HRQolL, health-related quality of life. Variables are presented as mean + SD.

We obtained preoperative data by Wirken and colleagues on the HRQoL of 104 patients of our
patient group, including 99 patients without CPSP and 5 patients with CPSP. The preoperative
HRQoL scores were comparable between both groups, except for a significant lower score in
the general mental health of the patients with CPSP when compared with patients without pain
(respectively, 72.8% + 16.59%, versus 85.78% + 10.46%, P=0.01). Slight significant impairments
were seen in the postoperative scores, when compared with preoperative scores, in the group
without CPSP, in physical functioning, general mental health, and energy level. The group of
patients with CPSP showed severe deterioration after surgery in role limitations due physical
health problems, in bodily pain, and in physical functioning. Pre- and postoperative HRQoL
scores of both groups are depicted in Figure. 3.
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Postoperative HRQoL sores of patients without CPSP (n=483)
Postoperative HRQoL scores of patients with CPSP (n=29)
~~~~~~ Baseline HRQoL scores of patients without CPSP after LDN (n=99)
----Baseline HRQoL scores of patients with CPSP after LDN (n=5)

Physical Functioning

P i Role limitations due to
General health perceptions JZ x>~ physical health problems
4 %

Bodily pain General mental health

Social functioning ~ Role limitations due to

personal or emotional problems

Energy/fatigue

Figure 3. HRQoL, before and after LDN.
HRQoL, health-related quality of life; LDN, laparoscopic donor nephrectomy.

DISCUSSION

This is the first study on the prevalence of CPSP following LDN. In this study, the mean
prevalence of CPSP was 5.7% percent of 512 donors who underwent a LDN at the Radboudumc,
with a mean follow-up of 6.3 (+ 3.7) years. The mean pain intensity measured by VAS was
20 in a scale of 0-100 and by PRI-T was 10 on a scale of 0-63. The multivariable regression
analyses revealed that severe early postoperative pain, previous abdominal surgery, and pre-
existing pain problems are possible risk factors for the development of CPSP following LDN.
Furthermore, we found an impaired quality of life in patients with CPSP, when compared with
patients without CPSP, which is likely to be causally related. Given the lower general mental
health scores in patients who went on to develop CPSP, future research should pursue if

impaired general mental health is a contraindication for kidney donation.

When compared to our findings, Owen and colleagues observed remarkably higher incidences
of postsurgical pain in open donor nephrectomy,’” which could be explained by the refinement
in surgical techniques with less intraoperative nerve injury, which might lead to a decreased
risk of CPSP following LDN. In accordance, a tumor nephrectomy is a more invasive procedure
when compared with LDN: first, because kidney removal during tumor nephrectomy includes
removal of the renal fascia, and second because of the use of a muscle-splitting Mc Burney
incision, instead of an intermuscular pfannenstiel incision. This could explain why we found
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fewer patients with CPSP following LDN, when compared with patients who experienced
CPSP following tumor nephrectomy.”® Our study population included six patients in whom the
surgery was converted to an open procedure. We performed additional analyses in which we

excluded these patients (data not shown), which revealed no influence on our outcomes.

Because of our study design, we were able to compare the prevalence of CPSP in a large
number of patients over different periods of time since surgery, with a mean follow-up time of
6.3 (+3.7) years. In the prospective study by Owen and colleagues’ all patients were approached
3 months after surgery. As shown in our patient group, the highest prevalence of CPSP was
seen in this early period. However, we showed that the complaints of CPSP are also found over

longer periods of time, even after more than 10 years.

This study has some limitations. First, due to the cross-sectional design, we could not assess
the incidence of CPSP following LDN. The incidence of CPSP might be greater than 5.7%,
as CPSP complaints may have resolved prior to the interview. There is also a slight risk of
recall bias, as patients with a shorter follow-up period might be more likely to attribute pain
complaints to their donor nephrectomy, compared with patients in whom the surgery was
more remote. Another limitation is that we received no response from 271 patients. There was
a 6-year difference with the respondents group and the nonrespondents group, which might
have influenced our results. Due to the cross-sectional design, we could not perform baseline
preoperative measurements on the HRQoL. However, we obtained preoperative data on the
HRQoL of 20% of the included patients.” The MPQ is a validated questionnaire. Despite this,
there are different methods in the calculation of pain intensity scores, due to different language
versions and adjusted short-form versions. Therefore, the PRI pain scores cannot be compared
between varying versions of the MPQ. Nevertheless, our PRI scores can serve as reference
values, when using the Dutch language version. Furthermore, the MPQ is an ideal instrument
to evaluate effects of strategies to reduce CPSP following LDN in future studies. Finally, due
to the small number of events (29 patients with CPSP), there might be overestimation of the
regression coefficients in our multivariate analysis. However, our findings are in line in line
with known risk factors for CPSP in general.® Prospective studies are needed for further
investigation of risk factors for CPSP following LDN.

In conclusion, our unique data indicate that CPSP following LDN is a highly relevant issue. We
found a substantial prevalence of CPSP of 5.7% following LDN. Given the possible association
between the presence of CPSP and impaired HRQoL scores, living kidney donors should be
well informed during the preoperative phase about the risk of CPSP. Prospective future studies

should pursue strategies to reduce the incidence of CPSP after LDN.
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ABSTRACT

Introduction
This study aimed to provide an update on the occurrence of early urological complications in

living donor and deceased donor kidney transplantation (KTX).

Methods

Dataonallkidneytransplantrecipientsinthe Netherlands between January 2005 and December
2015 were retrieved from the prospectively collected Dutch National Organ Transplant Registry
Database [NOTR]. We assessed the incidence of major urological complications (MUCs) within
three months after KTX, defined as urinary leakage and ureteral obstruction. Outcomes of
living donor and deceased donor kidney transplants were compared. We performed regression
analysis to identify predictive factors of urological complications and studied the influence of
early urological complications on graft and patient survival. We performed an additional sub-
study to explore the influence of preservation of the peri-ureteric connective tissue in living

donor KTX on the occurrence of urological complications.

Results

Among 3329 kidney transplant recipients, urological complications occurred in 208 patients
(6.2%) within three months after surgery. There were no significant differences in complication
rates between recipients from living donors and deceased donors. Multiple regression analysis
showed that older donor age and previous cardiac events of the recipient were predictors for
the development of urological complications. Graft and patients survival were not affected by
early MUCs. The additional sub-study showed that preservation of peri-ureteric tissue within

living donor KTX was not independently associated with urological complications.
Conclusions

Many living and deceased donor KTX recipients have early urological complications. MUCs did

not affect long-term graft- and patient survival.
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INTRODUCTION

Kidney transplantation (KTX) has become the criterion standard in the treatment of patients
with end-stage renal disease (ESRD). " KTX is associated with lower mortality and improved
quality of life, when compared with long-term dialysis treatment.2 However, major urological
complications [MUCs), defined as urinary leakage and ureteral stenosis, are still common
and can lead to increased morbidity, prolonged hospital stay, and need for a second surgical
procedure.®* Most MUCs occur within three months after transplantation.' The literate on the
incidence of MUCs following KTX is limited to numerous, relatively small, single- centre studies,
mainly performed in recipients from deceased donors. Reported incidences range from 1% to
15%.%5" Due to various definitions of urological complications, an accurate estimation of the
incidence of MUCs following KTX remains difficult. A few studies “7 12 have compared the
incidence of MUCs between living donor versus deceased donor KTX, but found no significant

differences in complication rates.

MUCs are mainly located at the distal portion of the ureter, most commonly at the site of the
ureterovesical anastomosis.” Two well-known causes of MUCs are ischaemia and technical
errors.“513 During retrieval, the normal blood supply of the ureter is disrupted by dissection of
segmental artery branches. Consequently, the renal artery and its branches that traverse in
the peri-ureteral tissue are the only blood supply of the distal ureter. For this reason, it is highly
recommended to avoid extensive dissection in the ‘golden triangle’ (the area between the ureter,
kidney and renal artery), to prevent ischaemia and subsequent urological complications. > %
3 1n living donor KTX, it can be more difficult to preserve the peri-ureteric connective tissue,
compared with deceased donor KTX. However, deceased donor KTX is accompanied with longer
cold ischaemia times, which is also associated with ureteral obstruction. Other described
risk factors for MUCs following KTX include donor age, male gender of the recipient, African
American recipients, delayed graft function, CMV infections, and renal artery multiplicity or

arterial reconstructions.'0'4

The incidence of MUCs following KTX has decreased in recent decades with improvement of
immunosuppression regimens and refinements in surgical techniques.® The Leadbetter-
Politano (LP) technique has been mainly replaced by the less technically demanding Lich-
Gregoir (LG) technique. Several studies have shown that the LG technique significantly reduces
the risk of MUCs compared to the LP technique.' " This can possibly be explained by the second
cystotomy during the LP technique, which is a potential extra leakage site. Furthermore, there
is evidence that routine prophylactic stenting reduces the incidence of MUCs following KTX.!

The primary aim of this study was to provide an update on the incidence of early MUCs in living

donor and deceased donor KTX using a recent, large cohort of KTX recipients obtained from the
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Dutch National Organ Transplant Registry Database (NOTR]. Secondary aims of this study were
to identify predictive factors for the occurrence of MUCs following KTX and to explore the role
of the peri-ureteral tissue preservation in living donor KTX in a sub-study.

METHODS

Data on all recipients of kidney transplants in the Netherlands between January 2005 and
December 2015 were retrieved from the prospectively collected Dutch National Organ
Transplant Registry Database (NOTR). Patients were included if the occurrence of urological
complications within three months after KTX was registered, including urinary leakage and
ureteral obstruction (requiring ureteral stenting, placement of a nephrostomy tube, ureteral
dilatation or surgical reconstructions). Other data retrieved from the database were recipient
characteristics (i.e. gender, age, body mass index (BMI), history of diabetes, vascular event or
cardiac event, dialysis, and previous transplantations), donor characteristics (i.e. type of donor,
gender, age, body mass index (BMI], and comorbidity such as diabetes and hypertension),
surgical parameters (i.e. cold ischaemia time and side of transplanted kidney) and postoperative
data on graft function, graft survival and patient survival. We did not perform data imputation

for missing variables.

The main endpoint was the incidence of MUCs [Clavien-Dindo grade 3, or higher) within three
months after KTX, defined as urinary leakage or ureteral obstruction requiring placement of a
nephrostomy tube, double-J catheter, endodilatation or redo surgery to improve the drainage
of the KTX. In addition, we assessed the incidence of MUCs after one year and compared the

complication rates between kidney transplants from living donors and deceased donors.

To identify independent predictors of early MUCs following KTX, we performed binary logistic
regression analysis. We included recipient characteristics, donor characteristics, and surgical
parameters in the regression model as single predictors; variables with a significance level of
P<0.1 were included in the multiple predictor regression model. Outcomes were reported as

odds ratio and the corresponding 95% confidence intervals.

The influence of MUCs on graft and patient survival was estimated, using the Kaplan-Meier
method, and groups were compared with log-rank tests. We performed separate analyses for

recipients of living donor and deceased donor kidneys.
Sub-study

We explored the influence of the peri-ureteral connective tissue on MUCs in living donor
KTX by a small matched case-control sub-study. Video recordings of laparoscopic donor
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nephrectomy procedures at the Radboudumc were available in patients who underwent living
donor KTX within the last five years. We screened the medical database of KTX recipients at
the Radboudumc between 2014 and 2017 to identify recipients with postoperative MUCs. The
accompanying donors were retrieved from the medical records. A matched control group was
composed of living donors, based on gender, age, BMI, side of donor nephrectomy, and year of
surgery, of whom the recipient did not develop an early urological complication. An independent
research physician compiled videos of the ureteral dissection during the laparoscopic donor
nephrectomy (obtained from the laparoscopic video records). Three blinded surgeons,
experienced in laparoscopic donor nephrectomies, observed the videos in randomised order
and assessed the amount of peri-ureteral connective tissue of both the proximal and the distal
ureter on a 3-point Likert scale [1=bold; 2=some surrounding connective tissue; 3=a lot of
surrounding connective tissue). Mean scores were compared between both groups to assess
whether the amount of peri-ureteric connective tissue in living donors is associated with the
risk of ureteral leakage following KTX. We assessed the relative inter-observer agreement by
using the Kendall coefficient of concordance (Kendall's W). The Kendall's W is higher when the
observer disagreements are in close proximity along the ordinal scale, the Kendall's W is lower,

when the disagreements are divergent.

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS®
IBM Statistics 22). Categorical data were presented as absolute numbers of patients and
percentages and continuous data were presented as mean * standard deviation. Patient
demographics of recipients and donors were analysed using the Chi-square test (for categorical
variables] or the independent sample t test (for continuous variables). For all analyses,
statistical significance was defined as P<0.05.

The study was performed in accordance with the Helsinki Declaration of 1975 and with the
ethics standards of the local ethics committee, the Central Committee on Research involving
Human Subjects, Arnhem-Nijmegen, The Netherlands.

RESULTS

Patient characteristics

A total of 8976 KTX recipients were registered between 2005 and 2015 in the NOTR database.
However, in 63% of these patients, no registration of MUCs was performed. Due to these
missing data on the primary outcome, 3329 recipients could be included in this study. There
were no significant differences in age, gender, or BMI between the included and excluded
patients. Our patient cohort included 1829 recipients from living donors and 1500 recipients

from deceased donors. The characteristics of the included patients are presented in Table 1.
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Table 1. Recipient and donor characteristics and surgical parameters

Variable All kidney Living donor Deceased P-value
transplantations kidney donor kidney
transplantations  transplantations
n=3329 n=1829 (54.9%) n=1500 (45.1%)
Recipient characteristics
Gender (male) 2002 (60.1%) 1100 (60.1) 902 (60.1) 1.000
Age [yrs) 50.7+15.2 47.9£153 54.1 £ 14.4 <0.001
BMI (kg/m?) 255+45 25245 25845 <0.001
Dialysis (yes) 2174 (65.3%) 729 (39.9%) 1445 (96.3%) <0.001
Diabetes mellitus (yes) 477 (14.3%) 222 (12.3%) 255 (17.3%) <0.001
[Pyreivlious Kidney transplantation  pg (g 4oy 143 (7.8%) 143 19.5%) 0.080
Donor characteristics
Gender (male) 1651 (49.6%) 855 (46.7%) 796 (53.1%) <0.001
Age lyrs) 52.1+13.1 528 £11.7 513+ 14.6 0.001
BMI (kg/m?) 25.6£4.0 259 £3.6 253 4.4 <0.001
Surgical parameters
Side of transplanted kidney (left] 2134 (64.1%) 1421 (77.7%) 713 (47.5%) <0.001
Cold ischaemia time (h) 8.4+73 26+08 15.2+55 <0.001
Recipient outcomes
DGF [yes) 535 (16.1%) 42 (2.3%) 493 (32.9%) <0.001
Graft failure (yes) 276 (8.3%) 74 (4.0%) 202 (13.5%) <0.001
Deceased recipients 408 (12.3%) 121 (6.6%) 287 (19.1%) <0.001

BMI, body mass index; DGF, delayed graft function; h, hours; yrs, years. Continuous variables are presented
as mean + SD, categorical variables are presented as n (%).

Incidence of urological complications

Overall, among 3329 KTX recipients, MUCs occurred in 208 patients (6.2%) within three months
after surgery. After one year, this number increased to 236 (7.8%), as shown in Table 2. Urinary
leakage mainly occurred within the first three months, including 83 patients (2.5%). The number
of patients with ureteral obstruction was 142 (4.3%) after three months and increased to 174
(5.8%) after one year. There were no significant differences in the number of MUCs between
recipients from living donors or deceased donors.

Predictive factors of urological complications

We performed binary logistic regression to identify predictive factors for the occurrence of
MUCs within 3 months after transplantation. In the regression analysis, recipient age, recipient
BMI, recipients with diabetes or cardiac events, donor age and donor gender were significantly
associated with the occurrence of MUCs and were therefore analysed in a multiple regression
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model. Donor age and previous cardiac events within the recipient were identified as predictors

for the development of early MUCs following KTX, see Table 3.

Table 2. Urological complications

Follow-up: 3 months

Urological complications

Urinary leakage

Ureteral obstruction

Follow-up: 1 year

Urological complications

Urinary leakage

Ureteral obstruction

All patients

Living donor KTX

n = 3329 n=1829
208 (6.2%) 117 (6.4%)
83 (2.5%) 45 (2.5%)
142 (4.3%) 79 (4.3%)
n=3023 n=1695
236 (7.8%) 132 (7.8%)
84 (2.8%) 46 (2.7%)
174 (5.8%) 97 (5.7%)

KTX, kidney transplantation. Variables are presented as n (%).

Table 3. Multiple predictor regression analysis for urological complications within 3 months after KTX

Parameters

Recipient characteristics

Age [yrs)

Gender (male)

BMI (kg/m?)
Dialysis (yes)
Diabetes (yes)
Vascular event (yes)
Cardiac event (yes)

Previous KTX (yes)

Donor characteristics

Age [yrs)
Gender (male)
BMI (kg/m?)

Type of donor (living)
Surgical parameters

Side of transplanted kidney

(left)

Cold ischaemia time (h)

Single predictor
analysis
[OR (95% CI)]

1.014 (1.004-1.024)
1.242(0.926-1.666)
1.034 (1.003-1.066)
1.100 (0.816-1.484)
1.371(0.950-1.978)
0.692(0.381-1.258)
1.574 (1.076-2.302)
0.880 (0.521-1.488)

1.018 (1.006-1.029)
0.778 (0.587-1.033)
1.026 (0.992-1.062)
1.058 (0.797-1.404)

0.993(0.741-1.330)

1.000 (0.999-1.000)

P-value

0.007
0.148
0.031
0.531
0.092
0.228
0.019
0.633

0.003
0.082
0.130
0.695

0.960

0.264

Deceased donor KTX P-value

n = 1500
91 (6.1%)
38 (2.5%)
63 (4.2%)
n=1328
104 (7.8%)
38 (2.9%)
77 (5.8%)

Multiple predictor
analysis
[OR (95% CI)]

1.007 (0.995-1.018)

1.027 (0.995-1.060)

1.181(0.803-1.736)

1.549 (1.057-2.269)

1.017 (1.005-1.029)
0.783(0.587-1.043)

0.70
0.89
0.87

0.97
0.81
0.93

P-value

0.242

0.102

0.404

0.031

0.004
0.094

BMI, body mass index; h, hours; KTX, kidney transplantation; yrs, years. Variables are presented as odds

ratio [OR) with the 95% confidence interval (95% Cl).
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Impact of urological complications on long-term graft and patient survival

Long-term graft survival and patient survival are depicted in Figure 1. No influence was found
of early MUCs within three months after KTX on the long-term graft survival in both deceased
donor recipients (log rank test 0.034, P=0.853) and living donor recipients (log rank test 0.163,
P=0.686] or patient survival in both deceased donor recipients (log rank test 0.435, P=0.510]
and living donor recipients (log rank test 0.414, P=0.520), with a median follow-up time of 4.3

years.

Influence of peri-ureteric connective tissue preservation on MUCs (sub-study)

We identified 12 recipients with postoperative MUCs. In eight of these patients, urinary leakage
was confirmed by a MAG3 renogram, retrograde pyelography or raised creatinine levels in the
drainage fluid. The accompanying donors were retrieved from the medical records. A matched
control group was composed of 12 living donors, in which the recipient did not develop an
early urological complication. As shown in Table 4, no significant differences were found in the
amount of peri-ureteric connective tissue between patients with MUCs and patients without
MUCs. Furthermore, there were significant differences between the scores of the observers.
The Kendall's W for inter-observer agreement was 0.679 (P=0.002) for the average ureteral

score.

Table 4. Assessment of preservation of peri-ureteric connective tissue

Patients without Patients with P-value
urinary leakage urinary leakage
[mean  SD] [mean  SD]
Ureteral score [1-3]
[mean of all observers)
Proximal 23+03 25+05 0.107
Distal 1.7+05 1.7+05 1.000
Average 20+03 2104 0.318
Observer 1 Observer 2 Observer 3 P-value
[mean + SD] [mean £ SD] [mean £ SD]
Ureteral score [1-3]
Proximal 2.1+0.6 25+05 28+05 <0.001
Distal 15+0.4 1.6+0.6 1.9+0.7 0.059
Average 1.8+0.5 20+0.5 2.3+ 0.4 <0.001

Ureteral score: 1=bold; 2=some surrounding connective tissue; 3=a lot of surrounding connective tissue.

Variables are presented as mean = SD.
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Figure 1. Kaplan-meier survival analysis: influence of early urological complications following KTX on graft
and patient survival

a. Graft survival, deceased donor KTX recipients (Log rank test 0.034, P=0.853)

b. Graft survival, living donor KTX recipients (Log rank test 0.163, P=0.686)

c. Patient survival, deceased donor KTX recipients (Log rank test 0.435, P=0.510)

d. Patient survival, living donor KTX recipients (Log rank test 0.414, P=0.520)

DISCUSSION

Within our cohort of 3329 KTX recipients in the Netherlands between January 2005 and
December 2015, 208 patients (6.2%) developed MUCs within three months after surgery, which
is comparable with reported numbers (6.0 - 8.7%) in other recent, smaller studies (1000-1500
patients).” '® 7 Our patient cohort existed of 83 patients (39.9%]) with urinary leakage and 142
patients (68.3%]) with ureteral obstruction, and all required an endoscopic, radiological or
surgical intervention. Fifty-five percent of our included patients received a living donor kidney
graft. We found no influence of donor type (living versus deceased donor) on the incidence of

MUCs in KTX, despite shorter cold ischaemia times and shorter periods of dialysis in recipients
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of living kidney donors. This finding is in line with earlier smaller studies.“” "2 For this reason,
we combined recipients of deceased donors and living donors in our regression analysis, which
revealed that older donor age and previous cardiac events in the recipient are predictors for
development of urological complications. These two factors might be associated with impaired
quality of ureteral vascularisation, which can result in ischaemia and subsequent MUCs. It
is generally recognised that living donor KTX is superior to deceased donor KTX in terms of
graft survival and patient survival;?® therefore, we performed separate survival analyses for
recipients of deceased and living donors. In both groups, the occurrence of MUCs did not affect
graft or patients survival, which might be explained by the early recognition and treatment of
MUCs. Permanent renal injury can mostly be prevented by ureteral stenting or placement of a

nephrostomy tube. However, the accompanying morbidity should not be underestimated.

In contradiction to many previous studies stressing the importance of preservation of the peri-
ureteric connective tissue to prevent ischaemia of the distal ureter,*® "2 our sub-study did
not reveal a direct association between peri-ureteric tissue preservation and postoperative
MUCs in living donor KTX. Likewise, Ooms and colleagues hypothesised that a shorter
length of the ureter would be accompanied by better vascularisation, but found no influence
of ureteral length on MUCs.?" In summary, visual judgement of the amount of peri-ureteric
tissue preservation appears to be a subjective and unreliable way to assess vascularisation
of the distal ureter. Intraoperative indocyanine green (ICG) fluorescence has proven to be a
simple and safe technique to assess the vascularisation of the ureter during robotic radical
cystectomy, and minimised the number of postoperative uretero-enteric strictures.?? The
use of ICG fluorescence to assess the distal ureter vascularisation and the ureterovesical
anastomosis during KTX could possibly prevent distal ureter ischaemia, and consequently

decrease the incidence of MUCs.

Limitations of the present study are its retrospective design and the amount of missing data.
Due to missing data on our primary outcome, we could include 37.1% of the registered 8976
KTX recipients. Nevertheless, due to the multicentre design of the present study, the number
of patients in our study cohort exceeded the number included in earlier published studies.
Distinguishing between urinary leakage and ureteral obstruction can be quite challenging for
three reasons: 1) possible variations in definition between centres, 2] the association between
ureteral obstruction and early urinary leakage, and 3] a comparable first-line treatment [i.e.
drainage). Due to these difficulties, divergent incidences of urinary leakage and ureteral
obstruction are reported; therefore, we decided to combine these two MUCs in our analyses.
Due to missing data on donor characteristics (medical history) and the kidney graft (vascular
anatomy), we could not include these parameters into the regression analysis. Moreover,
we intended to include surgical parameters (e.g. ureteral stenting, stent design, duration of

stenting, uretero-vesical anastomosis technique and suture type, and vascular reconstructions)
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into the regression analysis; unfortunately, these variables were not registered in the database.
However, in recent decades, routine prophylactic ureteral stenting and an extravesical
ureterovesical anastomosis have become standard practice in Dutch transplantation centres.
Although none of the observers in our sub-study found an association between peri-ureteric
tissue preservation and the occurrence MUCs, there were significant differences between the
mean scores of the different observers, and the Kendall's W analysis revealed moderate inter-
observer agreement. This emphasises the fact that visual judgement of the amount of peri-

ureteric tissue preservation is rather subjective

In conclusion, many KTX recipients experience early MUCs, despite recent refinements in
surgical techniques. Although MUCs did not affect graft survival or patient survival in our
study, they are associated with increased morbidity. Prospective studies are needed to develop
strategies to reduce the number of MUCs following KTX.
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ABSTRACT

Introduction

Routine intraoperative ureteric stenting lowers the rate of urological complications after kidney
transplantation. However, there is no consensus about the optimal stent design and duration.
The aim of this prospective cohort study was to compare the influence of double J (JJ) stents
and externally draining percutaneous (PC] stents on the early quality of recovery after living

donor kidney transplantation.

Methods

A prospective cohort study was performed in two consecutive cohorts of 40 patients who
underwent living donor kidney transplantation at the Radboud university medical center
between April 2016 and October 2017. The first cohort of 40 patients received a 6-French
externally draining PC stent. The second cohort of 40 patients received a 6-French/14 cm JJ
stent. We compared the influence of the stent design on the quality of early postoperative

recovery (measured by the Quality of Recovery-40 questionnaire) and the length-of-stay.

Results

Patients with a JJ stent scored significantly better on the Quality of Recovery score on the
third and fifth postoperative day, when compared to patients with a PC stent. Furthermore, in
comparison to patients with a PC stent, patients with a JJ stent were earlier mobilising and
independent in daily activities, resulting in a shorter length of hospital stay. The number of

postoperative urological complications was comparable between the two groups.

Conclusions
The use of JJ stents during living donor kidney transplantations improves the postoperative
recovery and shortens the length of hospital stay, when compared to PC stents without

compromising the number of postoperative urological complications.
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INTRODUCTION

The two major urological complications (MUCs] after renal transplantation are urinary
leakage and ureteral obstruction, mostly located at the ureterovesical junction or in the
distal transplant ureter." These complications contribute to patient morbidity, graft loss and
mortality. It has been demonstrated that routine intraoperative ureteric stenting leads to a
significantly lower urological complication rate."? However, there is no consensus about the
optimal stent type and duration of ureteric stenting. The most commonly used stent types
include internal double-J (JJ) stents and externally draining percutaneous (PC] stents. A
small number of retrospective studies compared the outcomes of JJ stent versus PC stent
placement in renal transplantation.®® All these studies support the use of a JJ stent, in
terms of decreased urological complications, when compared with PC stents. None of these
studies revealed a significant difference between the two groups in the number of urinary tract
infections (UTI). Reported duration until stent removal varies from two weeks to three months.
Several meta-analyses have been performed concerning the optimal timing of JJ stent
removal following renal transplantation.”? The overall conclusion of these studies was that a
period of two weeks could be a reasonable timing for stent removal, since this offers enough
time for proper healing of the anastomosis, without increased risks of UTI or other stent-
related complications. At the Radboud university medical center (Radboudumc] Nijmegen,
approximately 100 living donor kidney transplantations are performed annually. The standard
protocol includes intraoperative placement of an externally draining PC stent. The main reason
for the choice of this stent design is the ease of monitoring the excretory function of the graft. A
second reason is the simplicity of the stent removal. According to the protocol, the PC stent is
removed at postoperative day five (or day seven in patients with diabetes mellitus), followed by
removal of the transurethral catheter two days later at postoperative day seven (or day nine in
patients with diabetes mellitus) in order to spontaneously close the bladder. Consequently, the
minimum duration of hospital stay after kidney transplantation at our centre is seven days after
surgery. Enhanced recovery after surgery (ERAS) protocols have gained widespread recognition
in general surgery, decreasing the length of hospital stay while maintaining equivalent or lower
morbidity and increased patient satisfaction.”® The use of JJ stents might help to improve the
early quality recovery after living donor kidney transplantation as this avoids an external PC
stent and prolonged use of a bladder catheter. The aim of this prospective cohort study was
to compare the influence of JJ stents and externally draining PC stents on the early quality of

recovery after living donor kidney transplantation.
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METHODS

Patients

All patients (218 years) who were scheduled for a living donor kidney transplantation, between
April 2016 and October 2017 at the Radboudumc Nijmegen, The Netherlands, were screened
for inclusion and were approached at least two weeks before surgery. Patients were included
after obtaining oral and written informed consent, unless they met one of the exclusion criteria:
insufficient control of the Dutch language to read the patient information and to fill out the
questionnaires; patients undergoing a retransplantation in the same iliac fossa; patients with
ileal conduits or continent urinary diversions; patients with an abnormal lower urinary tract;
patients with a pain syndrome or psychiatric history; chronic use of analgesics or psychotropic
drugs; patients with a pre-operative Quality of Recovery score below 150 [see outcome
measures); patients in whom narcosis is necessary for cystoscopy (JJ cohort only); patients with
intraoperative difficulties with the vascular anastomoses or a high ureteral anastomosis with
need for conversion to an externally draining PC stent (JJ cohort only); patients with primary
focal segmental glomerulosclerosis (FSGS) requiring postoperative proteinuria screening (JJ

cohort only).

The trial was approved by the local ethics committee, the Central Committee on Research
involving Human Subjects, Arnhem-Nijmegen, The Netherlands, reference number 2016-2426
(Chairperson R.B. Keus) on 6 April 2016. The trial was registered at researchregistry.com (ID:
researchregistry5073). The work has been reported in line with the STROCSS criteria.'?

Study design

We performed a prospective cohort study in two consecutive patient cohorts. The first cohort of
40 patients received a 6-French externally draining PC stent, in accordance with the standard
protocol at the Radboudumc. The second cohort of 40 patients received a 6-French/14 cm JJ

stent.

Procedure

Baseline data were collected at time of inclusion, i.e. the day before surgery. Preoperatively,
all patients received 2000 mg ceftriaxone as antibiotic prophylaxis (or 960 mg co-trimoxazole
in case of allergy for ceftriaxone) and 100 mg prednisolone. All renal transplantations were
performed by a fixed experienced surgical team, consisting of a vascular surgeon and a
urologist. In all patients, the ureterovesical anastomosis was performed according to the
extravesical Lich-Gregoir technique. At the end of the procedure a surgical drain was placed
in the transplanted iliac fossa. Peroperative data were extracted from the electronic medical
record system, including duration of surgery, total ischaemia time, and vascular anatomy and
peroperative complications.
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In the PC cohort, the PC stent was removed after five days (or seven days in patients with
diabetes mellitus), followed by removal of the transurethral catheter at postoperative day seven
(or day nine in patients with diabetes mellitus). In the JJ cohort, the transurethral catheter was
removed after five days (or seven days in patients with diabetes mellitus), and the JJ stent
after two to three weeks at the outpatient clinic by cystoscopy. The surgical drain was removed
in both cohorts when the production was less than 100 ml per day. Before discharge (and
after removal of the urethral catheter) an abdominal ultrasound was performed in all patients
to screen for postoperative lymphoceles, hydronephrosis, urinomas, perfusion defects, or
bladder retention. Only symptomatic lymphoceles were treated by drainage.

Standard immunosuppression therapy consisted of basiliximab, tacrolimus, prednisone and
mycophenolate mofetil (MMF) and was given to all recipients. Postoperative pain management
consisted of paracetamol (1000 mg every six hours) and intravenous patient-controlled
analgesia with piritramide. When possible, patient-controlled analgesia was replaced by oral
analgesics (oxycodone). All patients were treated postoperatively with co-trimoxazole for

prophylaxis of Pneumocystis Jirovecii pneumonia.

Outcome measures

During their hospital stay, participants were daily monitored by the research physician until
the day of discharge. The primary outcome measure was the Quality of Recovery-40 (QoR-40)
score. The Quality of Recovery-40 is a validated patient-rated questionnaire with a maximum
score of 200, measuring five dimensions of recovery after surgery including comfort, emotions,
physical independence, pain, and patient support.” The day before surgery, the questionnaire
was explained to the participant and a baseline measurement was performed. In case the

preoperative QoR-40 score was <150/200 points, the patient was excluded.

Secondary outcomes were the intervals between transplantation and removal of the surgical
drain, the transurethral catheter and the ureteric stent, and performance of the ultrasound.
Serum creatinine levels were recorded daily during hospital stay. Achievement of classic
surgical discharge criteria was daily registered (including adequate pain control with oral
medication, passage of flatus or defaecation, tolerance for solid food intake, mobilisation at
the ward, and independence in daily activities). Patients who achieved all the classic discharge
criteria could be discharged when they met the following additional discharge criteria:
transurethral catheter removed, stable graft function, sufficient patient control over the use
of immunosuppressive drugs, and an abdominal ultrasound being performed. Graft function
was considered not stable when the serum creatinine level had increased more than 20% from
the lowest value. Furthermore, we registered cumulative use of morphine equivalents; and

complications, graded according to the Clavien-Dindo classification.™
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Follow-up was performed 14 days after surgery and included the QoR-questionnaire,
postoperative complications, and the International Consultation on Incontinence Questionnaire
- Lower Urinary Tract Symptoms (ICIQ-LUTS]." Patients in the JJ cohort were also asked how

they experienced the cystoscopy for JJ stent removal.

Sample size calculation and data analysis

Patients with a JJ stent could potentially be discharged on postoperative day five, after removal
of the transurethral catheter, if all discharge criteria were achieved. Based on a pilot study
on the quality of recovery in kidney transplant recipients (not published), we used a standard
deviation of 10 points for the QoR score on postoperative day five. A 6.3-point difference
represents a minimal clinically important difference in the QoR-40 scale.'” A sample size of 40
patients per group was required to provide 90% power to detect a 6.3-point difference in the
QoR score at postoperative day five (alpha 5%).

We used the Mann-Whitney U test to compare variables that were not normally distributed,
presented as median and interquartile range. We used Student’s t-test to compare normally
distributed continuous variables and the chi squared test for categorical variables. Continuous
data were presented as mean and SD; categorical data were presented as number and
percentages. We used multivariate regression analysis to correct for confounders. We did
not perform data imputation. For all analyses, statistical significance was defined as P<0.05.
All analyses were performed using SPSS version 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp).

RESULTS

Patient characteristics

The process of patient enrolment is depicted in Figure 1. A total of 95 recipients of living donor
kidney transplants were screened for enrolment. Fifteen patients were excluded because they
met one of the exclusion criteria. A total of 40 patients were analysed in the PC cohort and
another 40 patients in the JJ cohort. Patient baseline characteristics as well as peroperative
data are shown in Table 1. Both cohorts were comparable in baseline values, except for a
mean age difference of 7.2 years between the PC cohort and the JJ cohort (53.5 + 13.0 versus
46.4 +15.4; P=0.028). There were no significant differences in peroperative data. Intraoperative
complications did not occur in either group. There is a small number of missing values; on POD
three one patient in the PC group did not complete the QoR-40 questionnaire and on POD four

and five one patient in the JJ group was unable to complete the QoR-40 questionnaire.
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PC-cohort JJ-cohort
Apr.-Dec. 2016 Febr.-Sept. 2017

| |

Assessed for Assessed for
ellg[blllty ellglblllty

Insufficient control Insufficient control
of Dutch language (N =1) of Dutch language (N =4)
- Retransplantation in

same iliacfossa (N =2)

- Psychiatric history (N =2)
)

)

- No Cyst N=1
”°°ated A”OC"“tEd " by f66. EN 1
PC cohort JJ cohort Y
Exclusion -
’7- Withdrawal of consent - Peroperatlve conversion
(N=1) to PC-stent (N=2)
- Pre-operative

QoR < 150 (N=1)
PC- cohort J- cohort

PC, percutaneous stent; JJ, double J stent; Apr, April; Dec, December; Febr, February; Sept, September;

Figure 1. Patient enrolment.

FSGS, focal segmental glomerulosclerosis; QoR, quality of recovery score.

Primary outcome measure

The Quality of Recovery questionnaire was completed daily during hospital stay. The data are
shown in Table 2. On postoperative day five, higher total QoR scores were observed in the JJ
group, when compared to the PC group (193.0 (IQR 188-197) versus 189.5 ((IQR 179.5 - 194.75);
P=0.021). Also on postoperative day three, the total QoR score was higher in patients in the
JJ cohort (191.0 (IQR 184 - 195.75)) than in patients in the PC cohort (185.0 (IQR 174-193]);
P=0.019]. Patients in the JJ cohort had significantly higher scores in the physical independence
subscale on postoperative day three and day five. Correction for age by multivariate regression
analysis did not affect the results.
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Table 1. Patient characteristics

Variables PC-cohort JJ-cohort P-value
n=40 n=40
Baseline characteristics
Age [yrs) 53.5+ 13.0 464 +15.4 0.03
Gender (male) 17 (42.5%) 25 (62.5%) 0.07
BMI (kg/m2) 243 +£3.6 25233 0.21
ASA classification (1/2/3/4) 1/11/28/0 0/8/30/2 0.32
Diabetes mellitus (yes) 3(7.5%) 5(12.5%) 0.46
Dialysis (yes) 20 (50.0%) 28 (70.0%) 0.07
Cause of renal failure:
- ADPKD 5(12.5%) 14 (35.0%) 0.02
- IgA nephropathy 6 (15.0%) 5(12.5%) 0.75
- Secondary FSGS 9 (22.5%) 8 (20.0%) 0.79
- Other 20 (50.0%) 13 (32.5%) 0.1

Peroperative data

Kidney side [left) 38 (95.0%) 38 (95.0%) 1.00
Fossa side (right) 39 (97.5%) 33 (82.5%) 0.08
Size of incision [cm) 14.2 £ 2.4 13.9+2.4 0.55
Multiple arteries (yes) 13 (32.5%) 6 (15.0%) 0.07
Duration of surgery [min) 148.2+35.0 149.5 + 24.5 0.86
Total ischaemia time (min) 150.8 + 32.4 149.9 + 24.4 0.89

PC, percutaneous stent; JJ, double J stent; ADPKD, autosomal dominant polycystic kidney disease; ASA,
American Society of Anaesthesiologists; BMI, body mass index; cm, centimetres; FSGS, focal segmental
glomerulosclerosis; IgA, immunoglobulin A; min, minutes; TUC, transurethral catheter; yrs, years;
continuous variables are presented as mean + SD, categorical variables are presented as n (%).
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Table 2. Quality of Recovery score

POD -1
POD 1

POD 2

POD 3

POD 4

POD 5

QoR categories

Overall score

Overall score

Physical comfort
Emotional status
Physical independence
Support

Pain

Overall score

Physical comfort
Emotional status
Physical independence
Support

Pain

Overall score

Physical comfort
Emotional status
Physical independence
Support

Pain

Overall score

Physical comfort
Emotional status
Physical independence
Support

Pain

Overall score

Physical comfort
Emotional status
Physical independence
Support

Pain

PC-cohort
n=40

192.5 [184.0-197.0]
177.0 [166.5-185.75]
53.0 [46.5-58.0]
43.0 [40.0-45.0]

15.0 [13.0-17.0]
35.0 [35.0-35.0]
32.0[30.0-34.0]
183.5 [174.25-191.75]
56.0 [52.0-59.0]
44.0 [41.0-45.0]
16.75[15.0-21.0]
35.0 [35.0-35.0]
33.0 [31.0-34.75]
185.0 [174.0-193.0]
56.0 [51.0-59.0]
42.0 [38.0-45.0]

19.0 [16.0-21.0]
35.0 [35.0-35.0]
33.0 [32.0-35.0]
186.0 [179.25-194.0]
57.0 [54.0-59.0]
43.0 [41.0-44.75]
21.0 [18.0-22.0]
35.0 [35.0-35.0]
33.5[31.25-35.0]
189.5[179.5-194.75]
57.0 [63.25-59.0]
43.5[41.0-45.0]
21.0 [19.0-23.0]
35.0 [35.0-35.0]
33.5[30.0-35.0]

JJ-cohort
n=40

195.0 [187.25-198.75]
179.0 [164.25-184.75]
54.0 [45.5-57.0]

42.0 [41.0-45.0]

15.0 [13.25-17.0]
35.0 [35.0-35.0]

31.0 [29.0-34.0]

187.0 [181.0-193.0]
58.0 [54.0-60.0]
44.0 [41.0-45.0]
19.0 [16.0-21.0]
35.0 [35.0-35.0]
33.0[31.0-35.0]
191.0 [184.0-195.75]
58.0 [56.0-60.0]
44.5 [43.0-45.0]
21.0 [19.0-23.0]
35.0 [35.0-35.0]
33.0[31.0-35.0]
192.0 [181.0-195.0]
58.0 [55.0-60.0]
44.0 [41.0-45.0]
21.0 [20.0-23.0]
35.0 [35.0-35.0]
33.0 [32.0-34.0]
193.0 [188.0-197.0]
59.0 [57.0-60.0]
43.0 [42.0-45.0]
23.0 [21.0-24.0]
35.0 [35.0-35.0]
34.0 [32.0-35.0]

P-value

0.464
0.586
0.668
0.914
0.892
0.385
0.296
0.176
0.168
0.323
0.362
0.084
0.604
0.019
0.068
0.004
0.017
0.445
0.908
0.231

0.302
0.417
0.083
0.551

0.415
0.021
0.010
0.381

0.016
0.167
0.415

Range of QoR scores: overall, 40-200; physical comfort, 12-60; emotional status, 9-45; physical

independence, 5-25; support, 7-35; pain, 7-35.

QoR, quality of recovery; PC, percutaneous stent; JJ, double J stent; POD, postoperative day; variables are

presented as median [IQR].
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Postoperative characteristics, discharge criteria and length-of-stay

Postoperative intervals between transplantation and removal of the surgical drain, removal of
the ureteric stent, removal of the transurethral catheter, performance of the ultrasound and
day of discharge are shown in Table 3. Postoperative recovery was also assessed by daily scoring
of discharge criteria. As shown in Table 4, patients in the JJ cohort achieved all classic surgical
discharge criteria earlier than patients in the PC cohort. Patients with a JJ stent, showed
earlier pain control with oral analgesics and they were faster in mobilising and achieving
independence in daily activities. On postoperative day five, 97.5% of the patients with a JJ
stent versus 80% of the patients with a PC stent reached all classic surgical discharge criteria
(P=0.013). However, discharge after living donor kidney transplantation at the Radboudumc
also depends on transurethral catheter removal, stable graft function, patient control over
use of immunosuppressive drugs, and performance of an ultrasound. Patients could be
discharged, when they met all these criteria, and no other problems occurred. As presented in
Figure 2, patients in the PC cohort were admitted at least until POD 7, due to the transurethral
catheter policy. Thirty percent of the patients in the JJ cohort were already discharged on
POD five, since the transurethral catheter in patients with a JJ stent was removed on POD five
(except in patients with diabetes). Logistical barriers to perform the postoperative ultrasound
on the same day as removal of the transurethral catheter was a limiting factor for discharge on
POD five. On POD six, 30 patients from the JJ cohort (75%) had been discharged, increasing to
92.5% on POD seven. In the PC cohort only 62.5% of the patients had been discharged on POD
seven (P=0.001 for difference with JJ cohort). The mean time of discharge in the JJ cohort and
the PC cohort was 6.20+1.56 versus 7.95+2.12 days after surgery (P<0.001). The mean serum
creatinine level at discharge was comparable between both cohorts.

Table 3. Secondary outcomes

Variables PC-cohort JJ-cohort P-value
n=40 n=40

Median day of surgical drain removal 3[1-18] 2 [1-26] 0.55
Median day of stent removal 5 [5-7] 20 [14-34] <0.001
Median day of TUC removal 7(7-9] 5 [5-7] <0.001
Median day of ultrasound 7[7-9] 6 [5-7] <0.001
Median day of discharge 71[7-19] 6 [5-14] <0.001
Mean creatinine level at discharge (umol/L) 111.4 £ 54.0 125.0 £ 37.6 0.19
Cumulative opiate consumption (mg) 25.73 + 29.49 21.23+21.03 0.43

PC, percutaneous stent; JJ, double J stent; TUC, transurethral catheter; continuous variables are presented
as median [range] or mean = SD, categorical variables are presented as n (%).
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Table 4. Classic surgical discharge criteria

POD

POD 1

POD 2

POD 3

POD 4

POD 5

PC, percutaneous stent; JJ, double J stent; POD, postoperative day; variables are presented as n (%).

Classic surgical discharge criteria

1. Pain controlled with oral analgesics
2. Tolerance for normal diet

3. Having flatus or defaecation

4. Mobilising on the ward

5. Independence for daily activities
Reached all classic discharge criteria
1. Pain controlled with oral analgesics
2. Tolerance for normal diet

3. Having flatus or defaecation

4. Mobilising on the ward

5. Independence for daily activities
Reached all classic discharge criteria
1. Pain controlled with oral analgesics
2. Tolerance for normal diet

3. Having flatus or defaecation

4. Mobilising on the ward

5. Independence for daily activities
Reached all classic discharge criteria
1. Pain controlled with oral analgesics
2. Tolerance for normal diet

3. Having flatus or defaecation

4. Mobilising on the ward

5. Independence for daily activities
Reached all classic discharge criteria
1. Pain controlled with oral analgesics
2. Tolerance for normal diet

3. Having flatus or defaecation

4. Mobilising on the ward

5. Independence for daily activities

Reached all classic discharge criteria

PC cohort
n=40

3(7.5%)
8(20.0%)
26 (65.0%)
0(0.0%)
0(0.0%)
0(0.0%)

20 (50.0%)
39 (97.5%)
39 (97.5%)
13 (32.5%)
3(7.5%)

2 (5.0%)

33 (82.5%)
39 (97.5%)
40(100.0%)
26 (65.0%)
11 (27.5%)
10 (25.0%)
40 (100.0%)
39 (97.5%)
40 (100.0%)
35 (87.5%)
25 (62.5%)
25 (62.5.0%)
40 (100.0%)
40 (100.0%)
40 (100.0%)
39 (97.5%)
32 (80.0%)
32 (80.0%)

JJ cohort
n=40

4 (10.0%)
12 (30.0%)
31(77.5%)
2 (5.0%)
0(0.0%)
0(0.0%)

25 (62.5%)
38 (95.0%)
40 (100.0%)
14 (35.0%)
5(12.5%)
5(12.5%)
39 (97.5%)
39 (97.5%)
40 (100.0%)
37(92.5%)
22 (55.0%)
21 (52.5%)
40 (100.0%)
39 (97.5%)
40 (100.0%)
39 (97.5%)
33 (82.5%)
33 (82.5%)
40 (100.0%)
40 (100.0%)
40 (100.0%)
40 (100.0%)
39 (97.5%)
39 (97.5%)

P-value

1.000

0.235

0.012

0.045

0.013
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PC-stent (N = 40)

Classic TUC Stable kid- Independent Ultrasound No other
criteria removed ney function / in drug use performed problems

Discharged
(% of pts.)

36 0 0 0 0 0 0.0%

80.0%

39 39 38 38 38 37 92.5%

37 34 31 31 30 25 > 62.5%

JJ-stent (N = 40)

Classic TUC Stable kid- Independent \ Ultrasound No other
criteria removed ney function / in drug use performed problems

Discharged
(% of pts.)

> 6 > 40 35 34 33 33 30 > 75.0%
> 7 > 40 38 37 37 37 > 92.5%
> 8 > 39 38 38 38 > 95.0%
> 9 > 39 39 39 39 > 97.5%

Figure 2. Discharge process.

Each cell represents the number of patients who fulfilled the specific discharge criteria on that
postoperative day. The 3 remaining patients in the PC cohort were discharged on POD 11, 12 and 19. The
remaining patient in the JJ cohort was discharged on POD 14.

PC, percutaneous stent; JJ, double J stent; POD, postoperative day; TUC, transurethral catheter; pts,

patients.

Postoperative complications

All complications and their Clavien-Dindo classification are presented in Table 5. There were
no significant differences in the number of patients with postoperative complications within
30 days after surgery. In both cohorts, 7/40 patients suffered from a urological complication,
including urinary leakage, ureteral obstruction, symptomatic lymphocele, UTI and blood clot

retention.
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Table 5a. Complications within 30 days

Severity PC stent JJ stent P-value
(Clavien-Dindo) n=40 n=40
Nr. of patients with complications All 28 (70.0%)  22(55.0%) 0.17
1/2/3a/3b 13/8/3/4 6/10/5/1
Nr. of patients with urological complications  All 7(17.5%) 7(17.5%) 1.00
1/2/3a/3b 2/0/2/3 1/1/5/0
Table 5b. Type of complications
Severity PC stent JJ stent
(Clavien-Dindo) n=40 n=40
Urinary leakage ;b 1 g)
1 1 0
Ureteral obstruction 3a 1 1
3b 1 0
Urinary tract infection (UTI) 2 0 2
Symptomatic lymphocele 3a 1 5
1 1 0
Postoperative bleeding 3a 1 0
3b 2 1
Slow graft function 1 1 0
Delayed graft function 3a 1 0
Rejection 2 1 2
Tacrolimus toxicity 1 1 1
Newly onset diabetes after transplantation 2 4 4
Disturbed liver function tests 1 10 3
Electrolyte disorders 1 0 2
Diarrhoea , caused by MMF 1 1 1
Infection, other than UTI ; é 2
Psychiatric disorder 2 0 1

PC, percutaneous stent; JJ, double J stent; nr, number; UTI, urinary tract infection; MMF, mycophenolate
mofetil; variables are presented as n (%).

Follow-up

Follow-up was performed after two to three weeks. There were no significant differences
in the QoR scores between the two cohorts, both had a median score of 194. Lower urinary
tract symptoms were evaluated using the ICIQ-LUTS. There were no differences between both
cohorts with regard to urinary frequency, nocturia, urge complaints, dysuria and bladder pain.
Three patients reported moderate pain and one patient reported severe pain during JJ-stent
removal by cystoscopy.
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DISCUSSION

This is the first prospective cohort study comparing the influence of PC stents and JJ stents on
the quality of recovery and the length of hospital stay in living donor kidney transplantation. The
removal of the transurethral catheter appeared to be a decisive factor for the length of hospital
stay in our hospital. In the JJ cohort, the transurethral catheter was removed two days earlier
when compared to the PC cohort, as the ureterovesical junction is protected by the indwelling
JJ stent. Furthermore, our data show that the use of JJ stents leads to an improved quality of
recovery. Consequently, patients with a JJ stent were earlier independent in daily activities and
showed a quicker achievement of discharge criteria, resulting in a shorter length of hospital

stay, without compromising in the number of postoperative complications.

When compared to the PC cohort, we found significant higher QoR scores in the JJ cohort on
POD 3, with a mean difference of 6.0. On POD 4, the PC group catches up on recovery, causing
no significant difference in QoR scores. However, on POD 5, when in most patients of the JJ
cohort the transurethral catheter was removed, the JJ group had another head start over the
PC group, with a mean difference in QoR scores of 3.5. According to Myles and colleagues,"”
the minimal clinically important difference is 6.3. However, the discharge criteria and length
of hospital stay, confirm a quicker recovery in the patients with a JJ stent, when compared to
a PC stent.

We found no significant differences in the urological complication rates between the JJ group
and the PC group within our study. Urinary leakage occurred in two patients in the PC group,
versus one patient in the JJ group. Ureteral obstruction occurred in three patients with a PC
stent, versus one patient with a JJ stent (after removal of the JJ). Three of these patients in
the PC group underwent ureteral drainage by a JJ stent or nephrostomy tube. In one patient
in the JJ group, the JJ stent was replaced. Only two patients suffered from a UTI, both in the
JJ cohort. A remarkable finding, was the increased number of symptomatic lymphoceles in
the JJ group, when compared to the PC group ( 5 versus 1; P=0.09). This finding can possibly
be explained by the higher number of patients with autosomal dominant polycystic kidney
disease (ADPKD] in the JJ group (see Table 1). ADPKD is a known risk factor for postoperative
lymphocele development.’® ' Lymphatic drainage can possibly be impaired by the enlarged
native kidneys that compress the inferior caval vein or by retroperitoneal scarring and fibrosis
following nephrectomy. In the JJ cohort, three of the five patients with a lymphocele had
ADPKD. Nevertheless, this study was not powered to draw conclusions on the influence of the
stent design on the incidence of urological complications.

A few patients experienced moderate to severe pain during the removal of the JJ stent.
Therefore, it is important to assess preoperatively whether patients are suitable for cystoscopy.
A possible solution to remove the JJ stent without the need for a bothersome cystoscopy could
be a magnetic-tipped JJ stent.? This is a ureteral stent with a small magnetic cube fixed on the
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loop of the distal part of the stent. To remove the JJ stent, a special catheter-like instrument

with a magnetic tip can be used, which is less painful and faster when compared to cystoscopy.

A limitation of this study is the non-randomised design. It was not possible to perform a
randomised clinical trial due to logistical challenges. Nevertheless, the risk of selection
bias is low, as we performed two consecutive cohorts, and all patients scheduled for living
donor kidney transplantation were included, if they fulfilled all inclusion criteria. Baseline
characteristics were comparable, except for a younger age in the JJ group. However, we
performed multivariate analysis for this confounding factor, which did not alter the outcomes.

In conclusion, the use of JJ stents during living donor kidney transplantation improves the
quality of recovery and shortens the length of hospital stay, when compared to PC stents. We
advocate the use of JJ stents as part of an enhanced recovery protocol in living donor kidney
transplantation. Future randomised studies are required to confirm that a JJ stent does not
negatively affect the incidence and severity of postoperative urological complications, when

compared to a PC stent.
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Chapter 8

PART | - OPTIMISING RECOVERY IN LIVING KIDNEY DONATION

In the first part of this thesis, we focused on strategies to improve the recovery following living
kidney donation. We assessed the influence of deep neuromuscular blockade (NMBJ on the
intraoperative safety and postoperative recovery. It has been shown that intraoperative quality of
care and postoperative outcomes are closely related.! For the patient’s intraoperative safety, it
is essential to obtain an adequate exposure of the surgical field during laparoscopy. Deep NMB
is an emerging innovation in anaesthesiology and surgery, which can be used to optimise the
surgical space. We performed a systematic review and meta-analysis comparing the influence
of deep versus moderate NMB during laparoscopic procedures on surgical space conditions
and clinical outcomes. This study showed that the use of deep NMB during laparoscopic surgery
improves the surgical space conditions when compared with moderate NMB. Furthermore,
deep NMB can be used to facilitate the use of low-pressure pneumoperitoneum (PNP). With
regard to the postoperative outcomes, we found a reduction of postoperative pain in the PACU
in the group with deep NMB, when compared to moderate NMB.

In addition, we performed a randomised controlled trial to assess the impact of deep NMB
on the postoperative recovery after laparoscopic donor nephrectomy (LDNJ. In this study, we
compared the influence of deep NMB and moderate NMB during LDN on the quality of recovery,
measured by the Quality of Recovery-40 (QoR-40) Questionnaire. The intention-to-treat analysis
showed no significant differences in the quality of recovery between the two groups. However,
it appeared to be difficult to achieve and maintain the intended depth of the NMB. Therefore,
an additional as-treated analysis was performed, which revealed a higher QoR-40 score on
postoperative day 2 and significant lower postoperative pain scores, in the group allocated to
deep NMB. With regard to the intraoperative outcomes, we found no differences in surgical
rating scale (SRS) scores between both groups, however less contractions were seen in the
group with a sufficient deep NMB and less intraoperative adverse events occurred in patients

allocated to deep NMB, when compared to the moderate NMB group (1/48 versus 6/48).

There is still a controversy regarding the clinical benefits of deep NMB during laparoscopic
procedures. Many studies comparing deep to moderate NMB used SRS scores as primary
outcome measure. The Leiden surgical rating scale (L-SRS) is a high quality SRS and enables
surgeons to uniformly assess and evaluate the effect of interventions to improve the operating
field, such as deep NMB.? However, opponents of the routine use of deep NMB are questioning
the clinical relevance of improvements of the surgical working space, measured by the rather
subjective SRS. Moreover, the RELAX-study revealed no difference in SRS scores between the
group with deep NMB when compared to the moderate NMB group. A possible explanation is
the standard intra-abdominal pressure (IAP) of 12 mmHg which was applied in both groups of
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the RELAX-study. Surgeons mostly scored good conditions (4] or optimal conditions (5] and the
L-SRS lacks discriminatory capacity.

In most donors, a good exposure of the surgical field can be obtained with a moderate NMB
when a standard pressure PNP is applied. This can be different in other types of surgery,
for example in bariatric surgery, or retroperitoneal laparoscopy. The L-SRS can also be used
by surgeons in daily practice to negotiate with the anaesthesiologist to adjust the level of
NMB in case of suboptimal conditions, to improve the intraoperative safety. The RELAX-study
revealed a significant reduction in muscle contractions and intraoperative adverse events in
the group with deep NMB, when compared to the group with moderate NMB. This indicates
that an adequately maintained deep NMB contributes to surgical stillness, i.e. a motionless
operating field. A pooled analysis of the RELAX-study and 3 previous RCTs comparing different
levels of IAP and NMB during LDN,*5 performed by the Radboudumc, revealed a significant
reduction in the incidence of intraoperative adverse events from 14.9% with moderate NMB
to 4.8% with deep NMB (submitted work). According to Pansard and Biro,>’ a deep NMB is
necessary to prevent contractions of the diaphragm. Even with good surgical space conditions,
sudden or continuous contractions of the diaphragm can cause uncontrolled contact between
the laparoscopic instruments and the intra-abdominal organs, potentially causing injury.
Therefore, the data in this thesis support the hypothesis that surgical stillness, helps to
prevent the occurrence of intraoperative adverse events.® The occurrence of intraoperative
adverse events (AE's] is associated with an increased 30-day postoperative mortality, 30-day
postoperative morbidity, and a prolonged length of hospital stay, as shown by Bohnen and
colleagues.” Another study, performed by Boon and colleagues,’ also supports the beneficial
postoperative effects of deep NMB, revealing a reduced rate of unplanned 30 day readmissions
afterretroperitoneal laparoscopic surgery, when a deep NMB over a moderate NMB was applied
(3.8% versus 12.7%). Taking this together, there is emerging evidence in favour of the use of
deep NMB during laparoscopy, to create optimal surgical conditions and surgical stillness,
thereby decreasing the risk of intraoperative adverse events and subsequent postoperative

morbidity.

Regarding the influence of deep NMB on the postoperative recovery, improved QoR-scores
in the group with an adequately maintained deep NBM were revealed by the as-treated
analysis of the RELAX-study. This improvement in recovery might be attributed to the reduced
postoperative pain scores, which were found in both the meta-analysis as the RELAX-study.
This pain reduction, can possibly be explained through the effect of deep NMB on the tension
of the abdominal wall musculature and the diaphragm. Relaxation of the abdominal wall and
the diaphragm leads to less pressure induced tissue injury'® ™, and hence less deep intra-
abdominal pain and referred shoulder pain. Although the numerical rating scale [NRS] is a
valid, reliable, and appropriate tool for use in clinical practice,' due to the subjective nature
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of pain, it remains difficult to determine a clinically important treatment effect. According to
Salaffi and colleagues,™ a reduction of one point or a reduction of 15.0% in the NRS represents
a minimal clinically important difference (MCID) for the patient. However, according to the
GRADE handbook,' pain should be considered as a surrogate outcome, which is a potential risk
of bias, because of indirectness of evidence. Therefore, we prefer to focus on the effects of pain
reduction on the overall recovery. Reduced postoperative pain can lead to earlier mobilisation,
earlier independence in daily activities and shortened length of hospital stay. Furthermore,
reduced postoperative pain could reduce the opioid consumption, which is recommended
for enhanced recovery after surgery (ERAS), because of the negative side effects of opioids,
including postoperative ileus, urinary retention and nausea. In addition, early postoperative
pain is also associated with an increased risk of postoperative complications' and chronic
post-surgical pain." "7 Our findings support the use of deep NMB as part of an enhanced
recovery program in patients undergoing LDN, to improve the early recovery and reduce the

risk of intraoperative and postoperative complications.

FUTURE PERSPECTIVES

The RELAX-study shows that it can be quite challenging to achieve and maintain an adequate
deep NMB. Despite high dosages of rocuronium with continuous infusion, we failed to establish
the intended depth of NMB in 44% of the patients. The diaphragm is considered to be the most
resistant muscle to NMBAs, meaning it requires a higher dose of rocuronium and its recovery
from paralysis precedes recovery at the adductor pollicis muscle.® ™ A PTC of 1-2 is required
for adequate paralysis of the diaphragm.” To obtain the maximum effect in intra-operatieve
safety and quality of recovery, anaesthesia staff should be well trained in how to achieve and

maintain an adequate deep NMB, titrated to PTC 1-2, guided by neuromuscular monitoring.

Although our systematic review and meta-analysis revealed a significant difference in the SRS
score, the L-SRS stays rather subjective and lacks discriminatory capacity. Therefore, the
RELAX-2 study (NCT03287388) was designed, to compare the effects of moderate versus deep

NMB on the abdominal working space, measured by Magnetic Resonance Imaging (MRI).

The RELAX-study combined deep NMB with a standard pressure PNP. We expect more distinct
effects of deep NMB on postoperative recovery, when it is combined with a low-pressure PNP.
Therefore, the RECOVER-study (NCT03608436) was designed, to assess the effects of low-
pressure PNP combined with deep NMB on the early quality of recovery after laparoscopic

colorectal surgery.
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In our view, the main focus of future studies should behold the use of deep NMB to improve
the safety during laparoscopic surgery. Our data have shown a reduction of intraoperative
adverse events during laparoscopy with deep NMB. There is a need to confirm these outcome
data prospectively, in a large number of patients and during a variety of surgical procedures.
Therefore, an international multi-centre, randomised controlled trial (the EURO-RELAX study)
is initiated, to assess the effect of a deep NMB (PTC 1-2] versus standard NMB (single induction
dose rocuronium) on the incidence of intraoperative adverse events and postoperative outcome
data.

PART Il - OPTIMISING RECOVERY IN KIDNEY TRANSPLANTATION
RECIPIENTS

In the second part of this thesis, we focused on strategies to improve the recovery in kidney
transplantation (KTX) recipients. We performed a national cohort study to explore the incidence
of major urological complications (MUCs] following KTX, including urinary leakage and ureteral
obstruction. Within our cohort of 3329 KTX recipients, we found an incidence of MUCs of 6.2%
within 3 months after surgery. There were no significant differences in complication rates
between recipients from living donors and deceased donors. Older donor age and previous
cardiac events of the recipient were revealed as predictors for the development of urological
complications. Graft and patient survival were not affected by early MUCs.

In addition, we performed a prospective cohort study, to compare the influence of double J
(JJ) stents and externally draining percutaneous (PC) stents on the early quality of recovery
following living donor KTX. The patients with a JJ stent scored significantly better on the Quality
of Recovery score on the third and fifth postoperative day, when compared to patients with a PC
stent. Furthermore, this study showed that patients with a JJ stent were earlier mobilising and
independent in daily activities, resulting in a shorter length of hospital stay, when compared to
patients with a PC stent. We found no significant difference in the number of MUCs between

the two groups.

Despite refinements in surgical techniques during the last decades, our cohort study reveals
that still a substantial proportion of kidney transplant recipients suffers from urological
complications. It has been demonstrated that routine intraoperative ureteric stenting
significantly reduces the incidence of MUCs following NTX.?- 2" However, there is no consensus
about the optimal stent type and duration of ureteric stenting. Also, within the Netherlands,
the type of stent and duration of stenting following KTX varies by centre. We intended to include
the ureteral stent design into the regression analysis of our national cohort study, to assess
its influence on the occurrence of MUCs. Unfortunately, the stent type, duration of stenting
and anastomosis techniques were not registered in the National Organ Transplant Registry
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(NOTR] database. Only a small number of retrospective studies are performed, comparing the
influence of JJ stenting versus PC stenting during KTX on postoperative outcomes.?2 All these
studies support the use of a JJ stent, in terms of a reduced number of MUCs, when compared
to PC stents. A disadvantage of JJ stents is the requirement of cystoscopic extraction, which
Is accompanied with discomfort for the recipient, additional costs and logistic challenges. A
feasible, safe and cost-effective solution is the use of a magnetic-tipped JJ stent, which can
easily be extracted by a nurse at the outpatient department, without the need for a bothersome

cystoscopy.?s-?

FUTURE PERSPECTIVES

Based on the outcomes of our JJ-study, we advocate the use of JJ stents as part of an enhanced
recovery protocol in living donor kidney transplantation. This resulted in an adjustment of the
KTX-protocol at the Radboudumc, to the standard use of magnetic-tipped JJ stents in living
donor KTX. Nevertheless, there is still a gap in evidence regarding the relationship between the
ureteral stent design and the occurrence of MUCs. Therefore, a future randomised controlled
trial should confirm that a JJ stent does not negatively affect the incidence and severity of
postoperative MUCs, when compared to a PC stent, and to reveal the ideal duration of ureteral

stenting.
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Chapter 9

SUMMARY

The aim of thisthesis was to explore strategies to improve the quality of recovery following kidney
transplantation (KTX), in both living donors and KTX recipients. We assessed anaesthesiological
and surgical innovations to optimise the postoperative recovery, including deep neuromuscular
blockade (NMB) and double J (JJ) ureteral stenting.

Chapter 1 provides the general introduction and outline of this thesis. The importance of living
kidney donation for patients with end stage renal disease (ESRD] is highlighted and the term
postoperative recovery is explained. In addition, the concepts of deep NMB and JJ ureteral

stenting are introduced.

PART | - OPTIMISING RECOVERY IN LIVING KIDNEY DONATION

Chapter 2 includes a systematic review and meta-analysis, in which we compared the influence
of deep NMB and moderate NMB on the surgical space conditions during laparoscopy. Our
search yielded 12 studies on the effect of deep NMB on the surgical space conditions. The
meta-analysis showed that the use of deep NMB during laparoscopic surgeries improves the
surgical space conditions when compared to moderate NMB, with a mean difference of 0.65
[0.47-0.83] on a scale of 1-5. Furthermore, we found a reduction of postoperative pain scores in
the PACU in the group with deep NMB, with a mean difference of -0.52 [-0.71- -0.32].

Chapter 3 describes the study protocol of the RELAX-study, a randomised controlled trial in
96 patients, scheduled for laparoscopic donor nephrectomy (LDN), comparing the efficacy
of deep versus moderate NMB in enhancing postoperative recovery after LDN. The primary
outcome was the early quality of recovery, measured by the Quality of Recovery-40 (QoR-40)
questionnaire. Secondary outcomes were adverse events (AE’s), postoperative pain, analgesic
consumption and length-of-stay. The results of the RELAX-study are described in chapter 4.
The intention-to-treat analysis did not show a difference with regard to the quality of recovery,
pain scores, analgesic consumption and length-of-stay. However, less intraoperative AE’s
occurred in patients allocated to deep NMB (1/48 versus 6/48). Furthermore, the RELAX-study
showed that - in clinical practice - it can be difficult to achieve and maintain an adequate
deep NMB. Five patients allocated to a deep NMB received a moderate block and in two
patients neuromuscular monitoring failed. Therefore, an additional as-treated analysis was
performed, which revealed a higher QoR-40 score on postoperative day 2 and significant lower

postoperative pain scores, in the group allocated to deep NMB.
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In chapter 5, we explored the prevalence of chronic postsurgical pain (CPSP) following LDN.
This cross-sectional cohort study revealed a mean prevalence of CPSP of 5.7% within 512 living
kidney donors with a mean follow-up time of 6 years. Severe early postoperative pain, previous
abdominal surgery and pre-existing pain problems were identified as possible predictors for
CPSP following LDN. Furthermore, the RAND SF-36 questionnaire showed an impaired health-
related quality of life (HRQoL) in patients with CPSP when compared to those without CPSP.
Our unique data indicate that CPSP following LDN is a highly relevant issue and that potential
living kidney donors should be well informed in the preoperative phase about the risk of CPSP.

PART Il - OPTIMISING RECOVERY IN KIDNEY TRANSPLANTATION
RECIPIENTS

Chapter 6 provides an update on the incidence of major urological complications (MUCs],
including urinary leakage and ureteral obstruction, following living donor and deceased donor
KTX. Within a Dutch cohort of 3329 KTX recipients between January 2005 and December 2015,
208 patients (6.2%) developed MUCs within 3 months after surgery. There were no significant
differences in complication rates between recipients from living donors and deceased donors.
An older donor age and previous cardiac events of the recipient were revealed as predictors for
the development of urological complications. The occurrence of early MUCs did not affect graft
or patient survival. An additional sub-study showed that preservation of peri-ureteric tissue

within living donor KTX was not independently associated with urological complications.

In chapter 7, we investigated the influence of JJ stents versus externally draining percutaneous
(PC) stents on the postoperative recovery in living donor KTX. A prospective cohort study was
performed in two consecutive cohorts of 40 patients who underwent living donor KTX. Patients
with a JJ stent scored significantly better on the Quality of Recovery score, when compared
to patients in the PC cohort, on the third postoperative day (191.0 versus 185.0; p=0.019) and
the fifth postoperative day (193.0 versus 189.5; p=0.021). Furthermore, patients with a JJ stent
were earlier mobilising and independent in daily activities, in comparison to patients with a
PC stent, resulting in a shorter length of hospital stay. The number of postoperative urological

complications was comparable between the two groups.

Chapter 8 provides a general discussion on the research presented in this thesis and our view

on the future perspectives of deep NMB and JJ stenting.
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De doelstelling van dit proefschrift is om nieuwe strategieén te bestuderen die bijdragen
aan een betere kwaliteit van herstel na levende nierdonatie en niertransplantatie. Hierbij
worden zowel anesthesiologische als chirurgische methoden onderzocht, waaronder diepe
spierverslapping en het gebruik van dubbel J (JJ) stent.

Hoofdstuk 1 bestaat uit de algemene introductie en de opzet van dit proefschrift. We
benadrukken het belang van levende nierdonoren voor patiénten met eindstadium nierfalen en
er wordt uitleg gegeven over het begrip postoperatief herstel. Aansluitend wordt er ingegaan

op diepe spierverslapping en JJ stents.

DEEL | - OPTIMALISEREN VAN HET POSTOPERATIEVE HERSTEL NA
LEVENDE NIERDONATIE

In hoofdstuk 2 worden de uitkomsten van een systematische review en meta-analyse
getoond, waarin we de invloed van diepe en standaard spierverslapping op de kwaliteit van
het chirurgisch werkveld tijdens laparoscopie met elkaar hebben vergeleken. In totaal werden
er 12 studies geincludeerd. Een meta-analyse van deze studies toonde aan dat het gebruik
van diepe spierverslapping leidt tot een verbetering van het chirurgisch werkveld, met een
gemiddelde verbetering van 0,65 op een schaal van 1 tot 5. Daarnaast werd er een reductie in
vroege postoperatieve pijnscores gevonden, met een gemiddeld verschilvan 0,52 op een schaal
van 0 tot 10.

Hoofdstuk 3 beschrijft het studieprotocol van de RELAX-studie: een gerandomiseerd klinisch
onderzoek, waarin het effect van diepe en standaard spierverslapping op het postoperatieve
herstel na laparoscopische donornefrectomie wordt vergeleken. Als primaire uitkomstmaat
wordt de Quality of Recovery-40 vragenlijst gebruikt om de kwaliteit van het vroege
postoperatieve herstel te meten. Secundaire uitkomstmaten bestonden uit intra-operatieve
en postoperatieve complicaties, postoperatieve pijnscores, postoperatief opiaatgebruik en

opnameduur.

In hoofdstuk 4 worden de resultaten van de RELAX-studie gepresenteerd. De primaire analyse
liet geenverschil zien ten aanzien van de kwaliteit van het postoperatieve herstel, postoperatieve
pijnscores, postoperatief opiaatgebruik en opnameduur. Wel waren er in de groep met diepe
spierverslapping significant minder intra-operatieve complicaties, ten opzichte van de groep
met standaard spierverslapping (1/48 versus 6/48). Tevens laat de RELAX-studie zien, dat het in
de klinische praktijk moeilijk kan zijn om een adequaat diep blok te creéren en te onderhouden.
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Vijf patiénten in de groep met diepe spierverslapping bleken achteraf onvoldoende verslapt te
zijn geweest en bij twee patiénten is het niet gelukt om de diepte van het neuromusculaire blok
te monitoren. Om deze reden hebben we besloten een secundaire analyse te verrichten waarbij
patiénten die daadwerkelijk een adequaat diep neuromusculair blok kregen, werden vergeleken
met patiénten die een standaard blok ontvingen. Deze analyse liet wel een significant betere
kwaliteit van het postoperatieve herstel en lagere pijnscores zien in de groep met adequate

diepe spierverslapping.

In hoofdstuk 5 hebben we onderzocht wat de prevalentie is van chronische postoperatieve
pijnklachten na laparoscopische donornefrectomie. Door middel van een cross-sectioneel
onderzoek in 512 levende nierdonoren met een gemiddelde follow-up duur van 6 jaar
hebben we aangetoond dat 5,7% van de donoren chronische postoperatieve pijnklachten
heeft. Voorspellende factoren voor het krijgen van chronische postoperatieve pijnklachten na
laparoscopische donornefrectomie zijn ernstige vroege postoperatieve pijn, eerdere abdominale
operaties en reeds bestaande andere pijnklachten. Een aanvullende analyse naar de kwaliteit
van leven liet zien dat de donoren met chronische postoperatieve pijn ook een verminderde
kwaliteit van leven hebben, vergeleken met donoren zonder chronische postoperatieve
pijnklachten. Op basis van deze resultaten blijken chronische postoperatieve pijnklachten na
laparoscopische donornefrectomie een relevante complicatie en dienen potentiéle levende

nierdonoren preoperatief goed geinformeerd te worden over deze risico’s.

DEEL Il - OPTIMALISEREN VAN HET POSTOPERATIEVE HERSTEL NA
NIERTRANSPLANTATIE

In hoofdstuk 6 geven we een update over de incidentie van vroege urologische complicaties
na niertransplantatie, waaronder urinelekkage en ureterobstructie. Een cohort onderzoek van
3329 niertransplantatie ontvangers binnen de Nederlandse transplantatie centra tussen 2005
en 2015 heeft aangetoond dat 6,2% een urologische complicatie ontwikkelt binnen 3 maanden
na de operatie. Er werden geen verschillen gevonden in het aantal complicaties tussen
ontvangers van levende of postmortale donoren. Voorspellende factoren voor het ontwikkelen
van postoperatieve urologische complicaties waren een hogere leeftijd van de donor en eerdere
cardiale problematiek bij de ontvanger. Het optreden van vroege urologische complicaties was
niet van invloed op transplantaatfalen of mortaliteit. In een kleine aanvullende studie hebben
we laten zien dat de hoeveelheid peri-ureteraal vet niet geassocieerd is met het optreden van
urologische complicaties.

In hoofdstuk 7 beschrijven we een prospectief cohort onderzoek waarin we de invloed van
het type ureterstent op het vroege postoperatieve herstel na levende donor niertransplantatie
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hebben onderzocht. Het eerste cohort van 40 patiénten kreeg een percutane splint, het tweede
cohort van 40 patiénten kreeg een inwendige JJ stent. Patiénten met een JJ stent scoorden
significant beter dan patiénten met een splint, op de Quality of Recovery-40 score op de 3¢
en 5¢ postoperatieve dag. Tevens waren de patiénten met een JJ stent sneller mobiel en ADL
zelfstandig, resulterend in een sneller ontslag. Er was geen verschil tussen de twee groepen in
het aantal postoperatieve urologische complicaties.

Hoofdstuk 8 bestaat uit de discussie over de gepresenteerde onderzoeken in dit
proefschrift en onze visie op het vervolgonderzoek om de plaats van diepe spierverslapping
binnen de laparoscopische chirurgie te bepalen en het gebruik van JJ stents binnen de

niertransplantatiechirurgie.
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DANKWOORD

Wat begon als een beetje onderzoek naast de coschappen, is uiteindelijk een echt proefschrift
geworden. Tijdens dit promotietraject heb ik met veel plezier samengewerkt met vele
verschillende afdelingen, waaronder de chirurgie, urologie, anesthesiologie en nefrologie.
Mede hierdoor ben ik uiteindelijk op het pad van de urologie terecht gekomen. Graag wil ik
iedereen die mij geholpen heeft bedanken voor hun bijdrage, en een aantal mensen in het

bijzonder.

Prof. van Laarhoven, beste Kees, jij hebt me het afgelopen jaar extra gemotiveerd om nog even
gas erop te zetten tijdens die laatste loodjes. Bedankt voor je vertrouwen in mij en de steun
toen ik besloot verder te willen gaan in de urologie.

Dr. Warlé, beste Michiel, zonder jou was dit promotietraject er nooit gekomen. Met jouw
stortvloed aan nieuwe onderzoeksideeén hebben vele uiteenlopende plannen de revue
gepasseerd, met uiteindelijk dit mooie boekje als resultaat. Ik had me geen betere begeleider
kunnen wensen. Jouw aanstekelijke enthousiasme en bevlogenheid gaven me steeds weer
energie om door te gaan. Bedankt dat je altijd beschikbaar was voor overleg, zowel over het
onderzoek, maar ook over de rest van mijn carriere. |k hoop dat we ook in de toekomst nog

samen onderzoek zullen blijven doen, maar nu eerst tijd voor een feestje!

Dr. d’Ancona, beste Frank, bedankt voor al je hulp, zowel bij de urologische invulling van dit
boekje, als ook bij mijn overstap naar de urologie. Je deur stond altijd open voor een goed
gesprek en ook op de OK is het ontzettend fijn om met jou samen te werken. Ik kijk er naar uit

om straks samen te gaan opereren!

Graag wil ik de leden van de manuscriptcommissie, prof. dr. Braat, prof. dr. Rovers, en dr. Boon,

bedanken voor het lezen en beoordelen van dit proefschrift. Ik kijk uit naar de verdediging!

Graag wil ik alle patiénten die hebben deelgenomen aan de RELAX-studie, de JJ-studie en de
chronische pijnstudie bedanken voor het invullen van alle vragenlijsten en het delen van hun

persoonlijke verhalen. Zonder hen was dit proefschrift er niet gekomen.

Grote dank aan alle mensen van de RELAX-groep voor het mogelijk maken van de uitvoering
van de RELAX-studie. Ook na de 100¢ keer blijft het bijzonder om een nierdonatie bij te mogen
wonen. Dank aan alle betrokken anesthesiologen en operateurs van het Radboudumc en het
LUMC voor het toedienen van de spierverslapping en het eindeloos scoren van het chirurgisch

werkveld. In het bijzonder wil ik ook het pijnteam van het Radboudumc bedanken voor de hulp
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bij de follow-up, en Graziella en Ruth, voor de hulp bij de inclusie en het verzamelen van de

vragenlijsten in het LUMC.

Grote dank aan mijn onderzoekspartners op het gebied van de diepe spierverslapping, Piet,
Kim en Esmee. Piet, wat was ik blij met jouw anesthesiologische input bij de RELAX-studie.
Kim, bedankt voor de hulp bij het uitzoeken van alle verslappingsdata van de RELAX, heel
veel succes met alle vervolgstudies, ik denk dat iedereen straks diepe verslapping wil! Esmee,
zonder jou had ik er misschien wel dubbel zo lang over gedaan, bedankt voor al je harde werk
en heel veel succes met je verdere opleiding tot anesthesioloog.

Prof. Hilbrands, prof. Dahan, Chris Martini, Hans Langenhuijsen, Michel van der Jagt, Paul
Poyck, Anneke Kusters en alle andere coauteurs, bedankt voor jullie inzet, onmisbare

inhoudelijke expertise, de kritische revisies en de persoonlijke interesse.

Lieve paranimfen, lieve Marleen en Daan,

Marleen, wat fijn dat jij mijn paranimf wilt zijn! Twaalf jaar geleden liep ik met jou mijn eerste
vierdaagse, waar jij me letterlijk doorheen gesleept hebt. Ik ben blij dat je ook nu tijdens mijn
verdediging weer aan mijn zijde wilt staan. Gelukkig duurt dit maar een uurtje en dit keer
worden het echt tranen van geluk! Je bent de beste!

Daan, wat heb ik goede herinneringen aan onze onderzoekstijd samen! Al dat onderzoeksgedoe
was niet altijd even relaxed, maar jij wist me altijd weer op te vrolijken, waarbij het wel en wee
van mijn RELAX-doos altijd een goed onderwerp was. Ik hoop dat we elkaar blijven zien in de

toekomst en dat we straks ook jouw promotie samen zullen vieren!

Beste chirurgen, arts-assistenten, onderzoekers en andere collega's van de afdeling Heelkunde

van het Radboudumc, bedankt voor de leuke en leerzame tijd.

Beste collega’s van de urologie Maximéa medisch centrum, bedankt dat jullie mij aan hebben
willen nemen, ondanks dat ik nul urologische uren op de teller had. Het was weliswaar maar

van korte duur, maar ik heb ontzettend veel van jullie geleerd en een fantastische tijd gehad.

Beste collega’s van de heelkunde CWZ, ruim een jaar geleden startte ik bij jullie de
vooropleiding. Wat een fijne plek, de tijd vliegt! Elke dag leer ik weer nieuwe dingen. Bedankt

voor de persoonlijke begeleiding, de goede sfeer en de mooie feestjes.
Dank aan alle stafleden, AIOS, en medewerkers van de urologie van het Radboudumc, voor

de leerzame tijd als ANIOS en de gezelligheid zowel op het werk als daarbuiten. Ik kan niet

wachten om terug te komen!
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Lieve ploeggenootjes van Bote d'Or (Anouk, Maartje, Iris, Karlijn, Marleen en Michiel, het heeft

weinig meer met roeien te maken, maar ik hoop dat we nog jaren samen blijven!

Lieve Stefanie, jij kunt natuurlijk niet ontbreken als mijn allereerste huisgenootje in Nijmegen!
Mede dankzij de huisbaas, was jij het ultieme voorbeeld van de ideale, succesvolle student.
Goed voorbeeld doet volgen ;). Bedankt voor je steun en vertrouwen!

Suzanne, Alex, Linda, Agnes, Desiree, en llse, vanaf het begin van de studie zijn we al
vriendinnen. Fijn om soms ook het werk en onderzoek even los te kunnen laten tijdens alle

picknicks, high-tea’s en barbecues. Dat houden we erin!

Lieve Henk, Margriet en Rian, wat fijn zo'n spelletjes-schoonfamilie! Bedankt voor jullie steun
en interesse in mijn onderzoek. Nu het dan eindelijk klaar is, kan ik nog vaker komen rikken!

Lieve Mirthe, als mijn grote talentvolle zus heb je altijd mijn competitiedrang gestimuleerd. En
kijk waar dat me nu heeft gebracht! Wat fijn dat jij en Luuk dichterbij komen wonen, ik hoop dat

we elkaar in de toekomst vaker zullen zien!

Beste pappa, weer een mijlpaal behaald! |k ben ontzettend blij dat we deze samen kunnen

vieren.

Lieve mamma, jij hebt me geleerd dat je met hard werken en doorzettingsvermogen overal

kunt komen. Bedankt dat je er altijd voor me bent.

Lieve Peter, je hebt dit hele traject van begin tot eind meegemaakt. Bedankt voor je eindeloze
geduld en begrip als ik 's avond of in het weekend weer met het onderzoek bezig was. Daarnaast
bood je ook nog eens grafische ondersteuning voor mijn posters, artikelen, en de lay-out van
dit boekje. Mooi geel is niet lelijk! Duizenden kilometers hebben we al samen gewandeld, maar
met jou raak ik nooit uitgekletst. Bedankt voor je enorme betrokkenheid, je luisterend oor, en

je zorgzaamheid. Samen met jou is alles leuker!
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CURRICULUM VITAE

Moira Bruintjes was born on the 24™ of October 1987 in
Herkenbosch, The Netherlands. After graduation from
high school (BC Schéndeln Roermond) in 2006, she moved
to Nijmegen and started medical school at the Radboud

University Nijmegen.

During her study she joined the student rowing club Phocas
and decided to walk the Nijmegen four days marches

(Vierdaagse), in which she succeeded miraculously,

resulting in a vierdaagse-addiction. Moira continued
rowing fanatically and got into the Phocas women'’s eight of 2009. The next year she took a
break from her study to fulfil the function of vice-president of Phocas.

In 2010 she started her clinical rotations and developed a passion for surgery. In 2012 she
began her first research project at the Department of Surgery of the Radboudumc, under
supervision of dr. M.C. Warlé. She did her final internship at the Sumve hospital in Tanzania.
In January 2014, Moira obtained her medical degree and started working as a surgical resident
at the St Antonius hospital, Nieuwegein. The next year she decided to move back to Nijmegen
to continue as surgical resident at the Radboudumc. She took up on her research with dr.
Warlé and laid the foundation of this PhD thesis. In June 2016, she officially started as PhD
student in the field of kidney transplantation under supervision of dr. Warlé, dr d'’Ancona and
prof. van Laarhoven. For her research, she collaborated with the departments of Urology,
Anaesthesiology and Nephrology at the Radboudumc and the Leiden University Medical
Center. This broadened her horizon, which made her decide to strive for a urological career.
Therefore, she started as urological resident at the Maximéa Medical Center Veldhoven in 2017.
Six months later, she returned to the Radboudumc as urological resident and got accepted
as a urological trainee. In 2019, she started her surgical training at the Canisius Wilhelmina
hospital Nijmegen.

Moira lives with Peter in Nijmegen Bottendaal. She convinced him to walk the Nijmegen
marches together, and inevitably, they will continue to do so for many years to come.
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DATA MANAGEMENT

The medical and ethical review board Committee on Research Involving Human Subjects,
Arnhem Nijmegen, The Netherlands has given approval for the conduct of the human clinical
studies included in this thesis.

The review methodology of the systematic review meta-analysis (chapter 2) was registered at
Prospero (CRD42016042144). Data were analysed using Review Manager (RevMan]. The results
of the systematic, computerized search and the process of study selection, the judgement of
risk of Bias and the analyses are stored on the server of the department of general surgery of
the Radboudumc.

Chapter3and 4 include the study protocol and the results of the RELAX-study (NL58160.091.16).
The trial was registered at ClinicalTrials.gov (NCT02838134). All paper data, including
completed questionnaires and completed peroperative forms are stored in a locked cabinet on
the Research unit Surgery of the Radboudumc (route 618; room 3.19). All paper data were also
entered into the computer, by use of the data management system Castor EDC. The analyses
of the patient data are stored in SPSS Format in a folder on the server of the department of
general surgery of the Radboudumc: R:\Onderzoek databest\RELAX study (umcms32_HEEL_
Opslag).

Chapter 5 and 7 include patient data obtained from questionnaires and patients” medical
records. The paper data are stored in a locked cabinet on the Research unit Surgery (route 618;
room 3.19). The analyses of the patient data are stored in SPSS Format in a folder on the server

of the department of general surgery of the Radboudumc.

Chapter 6 contains patient data retrieved from the prospectively collected Dutch National Organ
Transplant Registry Database. The analyses of the patient data are stored in SPSS Format in a

folder on the server of the department of general surgery of the Radboudumc
All study data will be saved for 15 years after termination of the studies. The study data on

paper are occasionally moved to an archive outside hospital (UTS VERKROOST, Nijmegen]. The
datasets are available from the corresponding author on reasonable request.
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PHD PORTFOLIO Radboudumc
Name PhD candidate: M.H.D. Bruintjes PhD period: 01-07-2016 - 30-11-2017
Department: Surgery Promotor: Prof. C.J.H.M. van Laarhoven
Graduate School: Radboud Institute for Co-promotoren: Dr. M.C. Warlé, dr. F.C.H. d’Ancona

Health Sciences
Year(s) ECTS
TRAINING ACTIVITIES
a) Courses & Workshops
- Graduate School specific introductory course (RIHS) 2016 1.0
- BROK course 2016 1.5
- Biometrics 2016-2017 5.0
- Scientific writing course 2016-2017 3.0
- Scientific Integrity Course 2017 1.0
b) Seminars & lectures
- Kidney transplantation meetings (4x/year, 4 presentations) 2016/2017 1.0
- Vascular damage meetings [monthly, 2 presentations) 2016/2017 1.0
- Surgical research meeting (weekly, 3 presentations) 2016-2017 2.0
- Urological journal club (weekly, 3 presentations) 2017-2019 3.0
- Radboud research rounds and Radboud grand rounds 2016-2018 0.5
c] Symposia & congresses
- Chirurgendagen, Veldhoven 2016 0.5
- PhD retreat RIHS (1 oral presentation) 2017 0.75
- Dutch Anesthesia and Surgery Symposium, Utrecht (1 oral 2018 0.5
presentation) 2018 1.5
- Joint NTV-BTS Transplantation Congress, Rotterdam (2 oral 2018 2.0
presentations) 2018 1.0
- European Urology Association Congres, Kopenhagen (2 oral 2018 1.75
presentations) 2019 1.0
- NVU Voorjaarsvergadering, Nijmegen (2 oral presentations)
- TTS congres, Madrid (1 oral presentation, 1 poster presentation]
- Joint NTV-BTS Transplantation Congress, Amsterdam (1 oral
presentation)
d) Other
- MDO living donor kidney transplantation (weekly) 2016-2017 1.0
- Complications in Transplantation meeting (monthly) 2016-2019 0.1
TEACHING ACTIVITIES
e) Education
- Lecture deep NMB, Bernhoven Hospital 2016 0.25
- Lecture deep NMB Hospital Heerlen 2017 0.25
- Scientific poster judge (Bachelor Medicine/ Biomedical sciences, 2017 0.1
Radboudumc] 2017 0.1
- Suture techniques (Master Medicine Radboudumc) 2017 0.2
- Student meets patient (Master medicine, Radboudumc])
f) Supervision of internships
- Supervision research internship, master Medicine. Students: Esmee 2017 3.0
van Helden, Koen Schapendonk
TOTAL 33.0
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