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Abstract

Recent data shows that a neuromuscular block (NMB) induced by administration of high doses

of rocuronium improves surgical conditions in certain procedures. However, there are limited

data on the effect such practices on postoperative outcomes. We performed a retrospective

analysis to compare unplanned 30-day readmissions in patients that received high-dose ver-

sus low-dose rocuronium administration during general anesthesia for laparoscopic retroperito-

neal surgery. This retrospective cohort study was performed in the Netherlands in an academic

hospital where routine high-dose rocuronium NMB has been practiced since July 2015. Charts

of patients receiving anesthesia between January 2014 and December 2016 were searched

for surgical cases receiving high-dose rocuronium and matched with respect to procedure,

age, sex and ASA classification to patients receiving low-dose rocuronium. The primary post-

operative outcome was unplanned 30-day readmission rate. There were 130 patients in each

cohort. Patients in the high- and low-dose rocuronium cohorts received 217 ± 49 versus 37 ± 5

mg rocuronium, respectively. In the high-dose rocuronium group neuromuscular activity was

consistently monitored; matched patients were unreliably monitored. All patients receiving

high-dose rocuronium were reversed with sugammadex, while just 33% of matched patients

were reversed with sugammadex and 20% with neostigmine; the remaining patients were not

reversed. Unplanned 30-day readmission rate was significantly lower in the high-dose com-

pared to the low-dose rocuronium cohort (3.8% vs. 12.7%; p = 0.03; odds ratio = 0.33, 95% C.I.

0.12–0.95). This small retrospective study demonstrates a lower incidence of unplanned read-

missions within 30-days following laparoscopic retroperitoneal surgery with high-dose relaxant

anesthesia and sugammadex reversal in comparison to low-dose relaxant anesthesia. Further

prospective studies are needed in larger samples to corroborate our findings and additionally

assess the pharmacoeconomics of high-dose relaxant anesthesia taking into account the ben-

efits (reduced readmissions) and harm (cost of relaxants and reversal agents) of such practice.

PLOS ONE | https://doi.org/10.1371/journal.pone.0197036 May 23, 2018 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Boon M, Martini C, Yang HK, Sen SS,
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Introduction

Typically, general anesthesia is induced by administration of a hypnotic agent to provide loss

of consciousness, an opioid analgesic to blunt hemodynamic and stress responses and a muscle

relaxant to facilitate tracheal intubation and improve surgical conditions [1,2]. Recently we

showed that a neuromuscular block (NMB) induced by the administration of high-dose rocur-

onium, produces superior surgical conditions compared to the traditionally used NMB

induced by low-dose rocuronium in laparoscopic retroperitoneal urologic and bariatric sur-

gery [3,4]. This has been replicated by others in various abdominal and non-abdominal proce-

dures [5–9]. Moreover, a high-dose rocuronium NMB effectively precludes unexpected

deterioration of the surgical field at any time [3–9]. Prevention of sudden patient movements

is important during critical procedures, such as ophthalmic and neuro-radiologic intervention

procedures. Additionally, recent data suggest that high-dose rocuronium NMB may improve

pain scores after laparoscopic surgery [4], although this is not a consistent finding [3,10].

Although tightly controlled randomized trials have shown improved subjective scores of

surgical conditions when using high-dose rocuronium NMB, there is little evidence that the

use of a high-dose rocuronium NMB improves outcome such as reduced postoperative pain

scores or less postoperative surgical complications. In addition, the use of muscle relaxants

during anesthesia is associated with postoperative residual neuromuscular blockade and respi-

ratory complications [11,12]. Therefore, the intraoperative benefits of high-dose rocuronium

NMB during surgery must be weighed against possible postoperative complications. Cur-

rently, one possible strategy to prevent residual NMB induced by high-dose rocuronium NMB

is reversal with sugammadex, a rocuronium- and vecuronium-specific reversal agent that has

been associated in previous studies with a reduction in the incidence of postoperative respira-

tory complications [13,14]. However, the cost of sugammadex is a consideration and the cost

benefit of high-dose rocuronium NMB has therefore been questioned due to uncertain effect

on outcomes and high cost of reversal [15].

Given the results of the majority of studies showing improved surgical conditions during

high-dose rocuronium NMB, we routinely apply such a NMB in close coordination with our

surgical colleagues since July 2015. The high-dose rocuronium NMB is now as part of our clini-

cal practice in a variety of surgical procedures including laparoscopic abdominal procedures,

eye surgery and neuroradiological interventions. To understand the utility of high-dose rocuro-

nium anesthesia under “real world” conditions and to address the above-mentioned gap in the

evidence on outcomes, we performed a retrospective analysis of chart data to compare high-

dose versus low-dose rocuronium administration in patients undergoing laparoscopic retroperi-

toneal surgery. In the analysis we focused on unplanned 30-day readmission rates. Unplanned

30-day readmission is a quality measure of patient care and is costly [16–18]. Previous studies

showed that an important factor associated with unplanned readmission is surgical complexity,

with infectious complications being the most common indication for readmission [16,19–21].

We hypothesized that the intraoperative advantage created by high-dose rocuronium (i.e. high-

dose rocuronium NMB) may ultimately translate into less unplanned readmissions within the

30 days following the elective surgical procedure. The choice of focusing on laparoscopic retro-

peritoneal surgery is based on the fact that in our institution the majority of general anesthetics

with high-dose relaxant is applied for these procedures as they benefit the most from high-dose

rocuronium NMB compared to other laparoscopic procedures [3].

Methods

High-dose rocuronium NMB was applied using a standard operating procedure that was

introduced in July 2015 in our hospital for a series of procedures unless contraindicated (e.g.

High-dose rocuronium and unplanned readmission

PLOS ONE | https://doi.org/10.1371/journal.pone.0197036 May 23, 2018 2 / 12

Competing interests: Martijn Boon, Chris Martini,

Michel Warle and Albert Dahan received speaker

and/or consultancy fees from MSD Bv; Kery Yang

and Shuvaya Sen are employees of Merck & Co;

Rob Bevers, Leon Aarts and Marieke Niesters have

no conflicts to report. The commercial affiliation

does not alter our adherence to PLOS ONE policies

on sharing data and materials.

https://doi.org/10.1371/journal.pone.0197036


allergies to rocuronium or sugammadex, an estimated glomerular filtration rate< 30 mL/min).

The high-dose rocuronium NMB is induced by an induction dose of rocuronium (1 mg/kg), fol-

lowed by a continuous infusion (range 20–50 mg/h) aimed at a post-tetanic count of 1–2 as mea-

sured by the TOF CUFF monitor system. After approval of the protocol by the local institutional

review board (Commissie Medische Ethiek, Leiden University Medical Center, 2300 RC Leiden,

The Netherlands) and registration at clinicaltrials.gov (NCT03174223), fully anonymized data of

patients that received anesthesia from January 2014 to December 2016 were retrieved from two

electronic medical record databases (Healthcare Information X-change (HIX) and Patient Data

Management System (PDMS) both from Chipsoft, The Netherlands). The electronic databases

were searched for cases that received general anesthesia with high-dose rocuronium by continu-

ous infusion for any type of elective procedure by using HIX and PDMS specific queries. High-

dose rocuronium was defined by a 1 mg/kg bolus dose at induction followed by a continuous

infusion. Next, we identified cases that received high-dose rocuronium from July 2015 to

December 2016 were matched (one-on-one) for type of surgery, sex, age and American Society

of Anesthesiologists (ASA) physical status classification to a case that had received general anes-

thesia with low-dose rocuronium from January 2014 to July 2015. Low-dose rocuronium was

defined by a 0.4 mg/kg bolus dose at induction and absent continuous infusion during surgery.

The matching was performed on type of surgery, sex, age (ages could differ by a maximum of 4

years) and ASA status (ASA class 1 and 2 were combined into one group). The research team

checked and validated the data manually for consistency and accuracy.

The following data were compared between high- and low dose rocuronium NMB: (1)

patient-related data, including age, sex, weight, body mass index (BMI) and ASA physical status

classification; (2) data related to anesthesia and surgery, including surgery type, hemodynamics

(blood pressure and heart rate; average of values collected during surgery), depth of anesthesia

as measured by bispectral index monitoring (average of values collected during surgery), drugs

administered and their dose, duration of surgery, duration of anesthesia, postoperative pain

scores (measured on an 11-point verbal rating scale (VRS) from 0, no pain to 10, worst imagin-

able pain); (3) immediate respiratory complications as defined by hypoxemic events in the

PACU (SpO2 < 90%), bronchospasm, pneumonia during hospital stay; (4) admissions to inten-

sive or intermediate care departments during hospital stay; (4) thirty-day unplanned readmis-

sion data (cause of readmission, duration of readmission and relevant patient data of readmitted

cases); (5) cost of relaxation and reversal. Pain scores were obtained in the post-anesthesia care

unit (PACU) at 15 min intervals and on the ward three-times daily. The pain data were averaged

for location (i.e. average pain data obtained at the PACU and on the ward).

Data were analyzed comparing the high-dose relaxant versus low-dose relaxant groups by

paired-t-test, Mann-Whitney U test or χ2 test, depending on the type of data and data distribu-

tion. Data are presented as mean ± SD or median or interquartile range (IQR); p-values < 0.05

were considered significant. Data analysis was performed using GraphPad Prism version 7.00

for MAC OS X (GraphPad Software, La Jolla, CA).

The primary outcome of our study was the incidence of unplanned readmission within

30-days of the elective surgical procedure; secondary outcome was cost of relaxation and rever-

sal in the high-and low-dose rocuronium cohorts. Additionally, we compared duration of sur-

gery and anesthesia, and postoperative pain between cohorts.

Results

Patients and procedures

During the search period 51,000 anesthetics were administered for various procedures at Lei-

den University Medical Center. The initial selection procedure resulted in 537 cases that were

High-dose rocuronium and unplanned readmission
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considered eligible for inclusion in the analysis. High-dose rocuronium anesthesia was admin-

istered most frequently to patients undergoing urological procedures, ophthalmologic surgery

or surgical renal procedures. During the manual validation process 407 cases were excluded

for the following reasons: age< 18 years, lack of surgical procedure code, multiple patient

inputs, missing time stamps, absence of reversal dosing information, or procedures other than

elective laparoscopic retroperitoneal surgeries (these procedures included open eye surgeries

(n = 77), gastrointestinal surgery (n = 14), organ transplantations (n = 15), neurosurgical pro-

cedures (n = 4) and gynecological procedures (n = 1)). The final data set consisted of 130 cases

that received high-dose rocuronium in patients undergoing elective laparoscopic retroperito-

neal surgery. Matching was successful in 100% of cases yielding a total of 130 cases that on

average received 217 ± 49 mg rocuronium and 130 matched cases that received 37 ± 5 mg.

Patient characteristics and surgical procedures are given in Table 1. Patients in the two cohorts

had similar age, ASA classification, weight and body mass index. Due to the predominance of

urology in our cohort, males were in the majority (in each cohort 98 men and 32 women). Glo-

merular filtration rate was above 30 mL/min in all patients receiving high-dose rocuronium

and in 125 patients receiving low-dose rocuronium.

Anesthesia and surgery

The two study cohorts differed by a factor of 6 in the amount of rocuronium that was adminis-

tered (Table 2; S1 Fig). For induction and maintenance all patients received propofol com-

bined with remifentanil, sufentanil or both. More patients in the high-dose relaxant group

received remifentanil (65% vs. 33%) at on average a 20% higher dose compared to patients in

the low-dose relaxant group (p = 0.015, Table 2). Similarly, patients that received sufentanil in

Table 1. Patient characteristics and retroperitoneal laparoscopic procedures.

High-dose relaxant Low-dose relaxant P-value

Patient characteristics

Number of patients (n) 130 130

Men/women (n/n) 98/32 98/32

Age (years) [mean (95% CI)] 60 (58–63) 59 (56–61) 0.46

Weight (kg) [median (IQR)] 81 (73–92) 80 (72–93) 0.65

BMI (kg/m2) [median (IQR)] 26 (24–29) 25 (23–29) 0.21

ASA score 1 34% 32%

ASA score 2 60% 62%

ASA score 3 6% 6%

ASA score 4 0% 0%

ASA score 5 0% 0%

CKD stage 1–3 (n) 130 125

CKD stage 4 and 5 (n) 0 5

Laparoscopic retroperitoneal procedures (n)

Nephrectomy (partial + complete) 56 56

Retroperitoneal lymph node resection 36 36

Prostatectomy 24 24

Pyelumplasty 14 14

Values are numbers (n), percentages or mean (95% confidence interval (CI)) or median and interquartile range

(IQR). CKD chronic kidney disease. CKD stage 1–3: glomerular filtration rate� 30 mL/min; CKD stage 4 and 5;

glomerular filtration rate < 30 mL/min.

https://doi.org/10.1371/journal.pone.0197036.t001
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the high-dose relaxant groups received on average a 14% higher dose than patients in the low-

dose relaxant group (p = 0.025, Table 2).

All patients in the study received rocuronium as muscle relaxant. Patients that received

high-dose rocuronium were all reversed with sugammadex (dose 267 ± 101 mg), while patients

in the low-dose rocuronium group were either not reversed (46%), received sugammadex

(34%, dose 212 ± 55 mg, p< 0.001 vs. high-dose relaxant group) or received neostigmine

(20%, dose 1.4 ± 0.6 mg). Duration of anesthesia, duration of surgery and heart rate values did

not differ between cohorts. A small difference in bispectral index (BIS) values was observed

with a deeper anesthesia level in patients receiving high-dose than low-dose rocuronium.

However, the difference was small (mean difference = 1.5 with 95% confidence interval 0.1–

3.0, p = 0.03). Similarly, a small difference in mean arterial pressure was observed between

groups (mean difference 5.5 mmHg with 95% confidence interval 3–8 mmHg, p< 0.01). See

Tables 2 and 3.

Table 2. Medication administered during anesthesia.

High dose

rocuronium

Low dose

rocuronium

Propofol (induction and maintenance) (n) 130 130

Propofol dose (mg.kg-1.min-1) 0.13 ± 0.06 0.13 ± 0.05 p = 0.62

Remifentanil (n) 71 33

Remifentanil dose (μg.kg-1.min-1) 0.16 ± 0.05 0.13 ± 0.04

04

p < 0.001

Sufentanil (n) 87 108

Sufentanil dose (μg/kg) 1.5 ± 0.8 1.3 ± 0.6 p = 0.025

Rocuronium dose (mg) 217 ± 49 37 ± 5 p < 0.0001

Sugammadex (n) 130 44

Sugammadex dose (mg) 267 ± 101

[40–800]

212 ± 55

[100–400]

p < 0.001

Neostigmine (n) - 26

Neostigmine dose (mg) - 1.4 ± 0.6

Atropine (n) - 26

Atropine dose (mg) - 0.6 ± 0.2

Values are number of patients (n) or mean ± SD.

https://doi.org/10.1371/journal.pone.0197036.t002

Table 3. Measurements during anesthesia.

High dose

rocuronium

Low dose

rocuronium

Duration of surgery (h) 2.4 (1.7–3.1) 2.3 (1.7–3.1) p = 0.765

Duration of anesthesia (h) 3.1 (2.4–4.1) 3.1 (2.4–4.1) p = 0.88

Stay in PACU (h) 1.9 (1.4–2.2) 1.7 (1.2–2.2) p = 0.16

Mean arterial pressure (mmHg) 85 ± 10 80 ± 11 p < 0.01

Heart rate (beats/min) 68 ± 11 69 ± 11 p = 0.48

Bispectral Index 42 ± 5 44 ± 6 p = 0.03

Oxygen saturation (%) 99 ± 1 99 ± 1 p = 0.95

Length of Hospital Stay (d) 2.2 (1.7–3.2) 2.2 (1.3–3.3) p = 0.52

Values are median (interquartile range) or mean ± SD; PACU = post-anesthesia care unit.

https://doi.org/10.1371/journal.pone.0197036.t003
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There were no differences in postoperative pain between the two groups in the PACU

(median VRS high-dose relaxant: 3.0, with interquartile range (IQR) 1.0–4.7 vs. low-dose

relaxant: 2.7, IQR 1.0–4.0; p = 0.19) and the ward (median VRS high-dose relaxant: 2.0, IQR

1.0–3.3 vs. low-dose relaxant: 2.0, IQR 1.1–3.1 p = 0.89).

Length of hospital stay did not differ between the two cohorts: high-dose rocuronium

median duration 2.2 days (IQR 1.7–3.1 days) vs. low-dose rocuronium 2.2 (1.3–3.3) days

(p = 0.52). In both cohorts there were no immediate postoperative respiratory complications

or inadvertent admissions to intensive or intermediate care departments.

Readmission rates

In the two cohorts, 26 patients were readmitted within 30 days. In seven patients, readmission

was pre-planned (reasons for readmission: chemotherapy, learning how to catheterize, screen-

ing for kidney transplantation, reassessment of renal function, bisphosphonate treatment)

occurring in both cohorts. In 19 (7.3%) patients readmissions was unplanned: 5 (3.8%) in

patients receiving high-dose rocuronium and 14 (10.8%) in patients receiving low-dose rocur-

onium (χ2 = 4.6, p = 0.03; odds ratio = 0.33, 95% C.I. 0.12–0.95). In Table 4 the reasons for

readmission are given. None of the patients died during readmission. See Table 4 for a specifi-

cation of the data. In total eight readmissions were related to an infection at the surgical site (1

in patients receiving high-dose rocuronium, 7 in patients receiving low-dose rocuronium).

Cost

Combined cost of relaxation and reversal was on average $131 (95% confidence interval $115-

$147) per patient in the high-dose rocuronium cohort versus $34 (95% confidence interval

$26-$42) in the low-dose cohort. All of these costs were paid by the hospital. Total reimburse-

ment from reimbursement agencies for readmissions (at the benefit of the hospital) was

$116,000 for the 14 patients in the low-dose rocuronium cohort against $42,000 for the 5

Table 4. 30-day unplanned readmission.

High dose

rocuronium

Low dose

rocuronium

P-value

Unplanned readmissions (95% confidence interval) 3.8%

(1.3–8.8%)

12.7%

(6.0–17.4%)

0.03

male/female (n/n) 4/1 13/1

Age (years) (median, range) 56 (27–69) 63 (43–75) 0.29

ASA classification (n)

1 2 7

2 3 7

3 0 0

CKD stage 1–3 5 13

CKD stage 4–5 0 1

Reasons of readmission - Abscess in renal bed

- Brain metastasis

- Enteritis

- Lymphocele (n = 2)

- Collapse/hypotension

- Enteritis and transient ischemic attack

- Intra-abdominal urinary leak

- Complicated urinary tract infection (n = 7)

- Urinary retention

- Lymphocele

- Urethra/bladder anastomosis leak

- Worsening of renal function (CKD stage 2 to 3)

CKD chronic kidney disease. CKD stage 1–3: glomerular filtration rate� 30 mL/min; CKD stage 4 and 5; glomerular filtration rate < 30 mL/min.

https://doi.org/10.1371/journal.pone.0197036.t004
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patients in the high-dose rocuronium cohort (average reimbursement per patient was similar

between the 2 cohorts at approx. $8,300 per patient).

Discussion

This retrospective matched cohort study presents data of the everyday clinical use of high-dose

rocuronium neuromuscular block for elective laparoscopic retroperitoneal surgery in a single

tertiary academic hospital in the Netherlands. A total of 130 patients who received high-dose

rocuronium anesthesia (and reversal with sugammadex) were compared to 130 matched

patients that received low-dose rocuronium anesthesia (to induce a moderate NMB). The

main finding of this study is that the administration of high-dose rocuronium is associated

with reduced unplanned readmission rates in the thirty days following elective surgery (3.8%

vs. 12.7%). Furthermore, the application of high-dose rocuronium anesthesia was without

inadvertent admissions to intensive or intermediate care departments.

Neuromuscular blocking agents are routinely used in anesthesia to facilitate endotracheal

intubation and improve surgical conditions [1,2]. A recent meta-analysis of 12 randomized

controlled trials concluded that high-dose rocuronium NMB (causing a so-called deep NMB

with PTC 1–3) improves surgical conditions in a variety of procedures as determined by

the scoring of the surgical space conditions by the attending surgeon [22]. In most studies

included in this review, the applied scoring systems combine the impression of visibility, surgi-

cal space, muscle contractions, handling tactics and patient movement into one numerical rat-

ing score. In all studies, the effect of the high-dose rocuronium NMB on the score is modest

(on average the score improves by about 20%) but considered highly clinically significant by

the surgical team [3,4]. Still, the risk of postoperative complications from residual NMB has

historically precluded the use of high dose relaxants for many years [11,12]. With the introduc-

tion of sugammadex, reversal of high-dose rocuronium NMB is now possible [13,23]. In our

institute we now apply high-dose rocuronium anesthesia upon request of surgeons to allow a

stable and qualitatively superior surgical space conditions in a variety of procedures.

Our current analysis shows that the both cohorts did not differ in hemodynamics, duration

of surgery and anesthesia or immediate postoperative conditions, including postoperative pain.

A small difference in depth of anesthesia and mean arterial pressure was observed although we

do not consider these differences clinically relevant. We previously identified a small positive

effect of high-dose rocuronium NMB on postoperative pain scores following bariatric surgery

but not following retroperitoneal urologic procedures [3,4]. The above mentioned meta-analysis

of 12 studies also revealed a small advantage of high-dose rocuronium NMB over standard or

low-dose rocuronium NMB with an improvement in postoperative numerical pain scores of 0.5

on an 11-point scale [22]. These data suggest that the effect of high-dose rocuronium NMB on

pain scores is small. Different procedures may activate specific pathophysiologic pain pathways

that interact differently with the high-dose rocuronium NMB. In the current analysis we focus

on retroperitoneal surgeries. These procedures are associated with relatively low pain scores

and little effect of high-dose rocuronium NMB [3]. Hence, our analysis does not allow definite

conclusions regarding the influence of high-dose rocuronium NMB on postoperative pain.

We encountered a reduction in unplanned readmission rates from 12.7% in the low-dose to

3.8% in the high-dose rocuronium cohort (Table 4). Readmissions after surgery are relatively

common, with rates ranging from 4–16% after major urologic surgery and 9–20% after colo-

rectal surgery [24,25]. Readmission after surgery represents a major cost for the health care

system. For instance, readmission after colorectal surgery costs $9000 per readmission; this

annually accounts for $300 million in the US alone [26]. To address and reduce costs, readmis-

sion is increasingly being used as a hospital quality indicator by reimbursement agencies. In

High-dose rocuronium and unplanned readmission
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the US, as a part of the Hospital Readmission Reduction Program, reimbursements may be

denied in case of excessive readmission rates [27]. The cost of readmission to reimbursement

agencies in our institute is approximately $8,300 per patient. Given the reduction in readmis-

sions observed in patients receiving high-dose rocuronium anesthesia (combined with sugam-

madex reversal) compared to patients receiving low-dose rocuronium anesthesia, there is a

potential financial benefit to the healthcare system that could offset the costs associated with

high doses of rocuronium and sugammadex made by the hospital. As this retrospective data

may be biased due to changes in surgical and/or anesthesia practice over time, possible inaccu-

racies in the dataset or its retrieval from HIX or PDMS or other relevant limitations (see

below), a prospective randomized pharmacoeconomic trial should be considered to definitely

capture relevant cost data.

Known risk factors for readmission include older age, comorbid conditions, length of pro-

cedure, surgery complexity, intra- and postoperative complications [16–19,20,21,28]. Due to

matching, in our study all relevant factors were comparable at baseline (Tables 1 and 2). We

therefore account the application of high-dose rocuronium anesthesia as the most important

factor associated with the lower readmission rates. Although our study does not answer the

question why better chemical relaxation results in improved surgical outcome, we believe that

it is important to discuss possible mechanisms. All procedures were performed in the retroper-

itoneal space, where working space is very limited. As previously shown, high-dose rocuro-

nium NMB leads to superior scoring of the surgical space conditions in these retroperitoneal

surgeries [3,22]. Possibly, the improved surgical conditions in the narrow space of retroperito-

neal laparoscopic surgery during high-dose rocuronium NMB contribute to superior technical

performance of the surgeon and less trauma to tissue. A recent review supports this hypothesis

by concluding that superior technical performance positively affects patient outcome [29]. An

important reason for readmission was an infectious complication of the urinary tract (compli-

cated urinary tract infection including pyelonephritis and urosepsis). We hypothesize that uri-

nary tract tissue is particularly susceptible to infection when surgical space conditions are less

optimal and/or urinary tract tissue is more frequently or more intensely manipulated (causing

micro traumata). Additionally, it is important to realize that NMB agents possess anti-inflam-

matory properties through actions at the nicotinic acetylcholine receptor α1 [30]. The high-

dose rocuronium infusion may therefore have had some tissue protective effect leading to less

postoperative complications. Reduced glomerular filtration rate (chronic kidney disease, CKD,

stage 4 and 5 with a glomerular filtration rate< 30 mL/min) affects rocuronium clearance.

This may be a cause of residual NMB and postoperative complications, especially in those

patients that are not or inadequately monitored. However in patients with complications that

required readmission just 1 patient receiving low-dose rocuronium and none receiving high-

dose rocuronium had CKD stage 5 (Table 4). The reason for readmission in this one particular

patient was severe enteritis and a transient ischemic attack. Consequently, we do not think

that renal function influenced the outcome of our study. Finally, in other surgery types such as

ophthalmology, we did not observe a difference in readmission rates (data not shown). This

suggests that the improved outcome in our study is most importantly related to the type and

site of surgery.

Our study has various limitations that need to be considered:

1. Since the use of high-dose rocuronium anesthesia is relatively new to our clinical practice,

we were able to just include a small number of patients in our analysis. This small sample

precluded the analysis of underlying contributing risk factors as a cause of readmission.

2. We remain unaware whether the results of our study are related to the high-dose rocuro-

nium infusion, the reversal with sugammadex or to both. The number of patients that
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received sugammadex in the low-dose rocuronium cohort was too small to perform a sepa-

rate analysis.

3. This is a single-center study and generalizability to other centers is likely to be limited. For

example, the use of a rocuronium infusion (and reversal with sugammadex) is not standard

care in other hospitals in Europe or the US.

4. This is a non-randomized study with a non-contemporaneous control group. We cannot

exclude that temporal changes in anesthesia or surgical care may have contributed to the

study outcome.

5. More subjects in the high-dose rocuronium group received the opioid remifentanil and

irrespective of the type of opioid, the opioid dose was higher in the high-dose rocuronium

group. This is a surprising observation that so far remains unexplained. We do not perceive

a role for the difference in opioid dose in our study outcome, although it might explain the

slightly deeper levels of anesthesia in the high-dose rocuronium cohort (Table 3).

6. Our dataset lacks complete TOF data, as TOF measurements are not automatically

recorded in our electronic patient database system. Although neuromuscular monitoring

devices are available in all our operating rooms and monitoring is mandatory by local pro-

tocols, it cannot be ruled out that part of the patients were in fact inadequately or not moni-

tored, especially in the low dose rocuronium group. This may be a source of residual

confounding, however to what extent this influenced our study remains unclear.

Evidently, further prospective randomized controlled trials (with appropriate monitoring)

in larger populations are required to determine causal inferences between the relaxant dose

and patient outcome and a possible role for the reversal agent on patient outcome.

In conclusion, this small retrospective study presents the first real world data of the effect of

a high-dose rocuronium/sugammadex anesthetic technique on postoperative outcome. Our

data indicate that the use of a high-dose rocuronium/sugammadex technique is associated

with reduced readmission rates in the thirty days following elective laparoscopic retroperito-

neal surgery compared to low-dose rocuronium infusions. Given the study limitations, future

prospective randomized studies in larger samples are needed to further investigate the benefit

of high-dose relaxants on patient outcome. Additionally, the prospective study of the pharma-

coeconomic effect of such practice taking into account benefit (reduced readmission rates)

and harm (cost of relaxants and reversal agents) is imminently needed.
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Niesters, Albert Dahan.

References

1. Barash PG, Cullen BC, Stoelting RK, Cahalan MK, Stock MC, Ortega R, et al. Clin Anesth, 8th edition.

Wolters Kluwer, Philadelphia, 2017.

2. King M, Sujirattanawimol N, Danielson DR, Hall BA, Schroeder DR, Warner DO. Requirements for mus-

cle relaxants during radical retropubic prostatectomy. Anesthesiology. 2000; 93:1392–1397. PMID:

11149431

3. Martini CH, Boon M, Bevers RF, Aarts LP, Dahan A. Evaluation of surgical conditions during laparo-

scopic surgery in patients with moderate vs deep neuromuscular block. Br J Anaesth. 2014; 112:498–

505. https://doi.org/10.1093/bja/aet377 PMID: 24240315

4. Torensma B, Martini CH, Boon M, Olofsen E, in ‘t Veld B, Liem L, et al. Deep Neuromuscular Block

Improves Surgical Conditions during Bariatric Surgery and Reduces Postoperative Pain: A Randomized

Double Blind Controlled Trial. PloS One. 2016; 11:e0167907. https://doi.org/10.1371/journal.pone.

0167907 PMID: 27936214

5. Kim HJ, Lee K, Park WK, Lee BR, Joo HM, Koh YW, et al. Deep neuromuscular block improves the sur-

gical conditions for laryngeal microsurgery. Br J Anaesth. 2015; 115(6):867–72. https://doi.org/10.1093/

bja/aev368 PMID: 26582847.

6. Kim MH, Lee KY, Lee KY, Min BS, Yoo YC. Maintaining optimal surgical conditions with low insufflation

pressures is possible with deep neuromuscular blockade during laparoscopic colorectal surgery: a pro-

spective, randomized, double-blind, parallel-group clinical trial. Medicine (Baltimore). 2016; 95:e2920.

https://doi.org/10.1097/MD.0000000000002920 PMID: 26945393

7. Koo BW, Oh AY, Seo KS, Han JW, Han HS, Yoon YS. Randomized clinical trial of moderate

versus deep neuromuscular block for low-pressure pneumoperitoneum during laparoscopic cholecys-

tectomy. World J Surg. 2016; 40:2898–2903. https://doi.org/10.1007/s00268-016-3633-8 PMID:

27405749

8. Staehr-Rye AK, Rasmussen LS, Rosenberg J, Juul P, Lindekaer AL, Riber C, et al. Surgical space con-

ditions during low-pressure laparoscopic cholecystectomy with deep versus moderate neuromuscular

blockade: a randomized clinical study. Anesth Analg. 2014; 119:1084–1092. https://doi.org/10.1213/

ANE.0000000000000316 PMID: 24977638

9. Yoo YC, Kim NY, Shin S, Choi YD, Hong JH, Kim CY, et al. The intraocular pressure under deep versus

moderate neuromuscular blockade during low-pressure robot assisted laparoscopic radical prostatec-

tomy in a randomized trial. PLoS One. 2015; 10:e0135412. https://doi.org/10.1371/journal.pone.

0135412 PMID: 26317357

10. Blobner M, Frick CG, Stauble RB, Feussner H, Schaller SJ, Unterbuchner C, et al. Neuromuscular

blockade improves surgical conditions (NISCO). Surgical endoscopy. 2015; 29(3):627–36. Epub 2014/

08/16. https://doi.org/10.1007/s00464-014-3711-7 PMID: 25125097.

High-dose rocuronium and unplanned readmission

PLOS ONE | https://doi.org/10.1371/journal.pone.0197036 May 23, 2018 10 / 12

http://www.ncbi.nlm.nih.gov/pubmed/11149431
https://doi.org/10.1093/bja/aet377
http://www.ncbi.nlm.nih.gov/pubmed/24240315
https://doi.org/10.1371/journal.pone.0167907
https://doi.org/10.1371/journal.pone.0167907
http://www.ncbi.nlm.nih.gov/pubmed/27936214
https://doi.org/10.1093/bja/aev368
https://doi.org/10.1093/bja/aev368
http://www.ncbi.nlm.nih.gov/pubmed/26582847
https://doi.org/10.1097/MD.0000000000002920
http://www.ncbi.nlm.nih.gov/pubmed/26945393
https://doi.org/10.1007/s00268-016-3633-8
http://www.ncbi.nlm.nih.gov/pubmed/27405749
https://doi.org/10.1213/ANE.0000000000000316
https://doi.org/10.1213/ANE.0000000000000316
http://www.ncbi.nlm.nih.gov/pubmed/24977638
https://doi.org/10.1371/journal.pone.0135412
https://doi.org/10.1371/journal.pone.0135412
http://www.ncbi.nlm.nih.gov/pubmed/26317357
https://doi.org/10.1007/s00464-014-3711-7
http://www.ncbi.nlm.nih.gov/pubmed/25125097
https://doi.org/10.1371/journal.pone.0197036


11. Berg H, Roed J, Viby-Mogensen J, Mortensen CR, Engbaek J, Skoygaard LT, et al. Residual neuro-

muscular block is a risk factor for postoperative pulmonary complications. A prospective, randomised,

and blinded study of postoperative pulmonary complications after atracurium, vecuronium and pancuro-

nium. Acta Anaesthesiol Scand. 1997; 41:1095–1103. PMID: 9366929

12. Grosse-Sundrup M, Henneman JP, Sandberg WS, Bateman BT, Uribe JV, Nguyen NT, et al. Intermedi-

ate acting non-depolarizing neuromuscular blocking agents and risk of postoperative respiratory compli-

cations: prospective propensity score matched cohort study. BMJ. 2012; 345:e6329. https://doi.org/10.

1136/bmj.e6329 PMID: 23077290

13. Boon M, Martini C, Broens S, van Rijnsoever E, van der Zwan T, Aarts L, et al. Improved postoperative

oxygenation after antagonism of moderate neuromuscular block with sugammadex versus neostigmine

after extubation in ’blinded’ conditions. Br J Anaesth. 2016; 117:410–411. https://doi.org/10.1093/bja/

aew246 PMID: 27543551

14. Groudine SB, Soto R, Lien C, Drover D, Roberts K. A randomized, dose-finding, phase II study of the

selective relaxant binding drug, sugammadex, capable of safely reversing profound rocuronium-

induced neuromuscular block. Anesth Analg. 2007; 104:555–562. https://doi.org/10.1213/01.ane.

0000260135.46070.c3 PMID: 17312208

15. Kopman AF, Naguib M. Is deep neuromuscular block beneficial in laparoscopic surgery? No, probably

not. Acta Anaesthesiol Scand. 2016; 60:717–722. https://doi.org/10.1111/aas.12699 PMID: 26846546

16. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the Medicare Fee-for-Ser-

vice Program. N Engl J Med. 2009; 360:1418–1428. https://doi.org/10.1056/NEJMsa0803563 PMID:

19339721

17. Wilbur MAB, Mannschreck DB, Angarita AM, Matsuno RK, Tanner EJ, Stone RL, et al. Unplanned 30-

day hospital readmission as quality measure in gynecological oncology. Gynecol Oncol. 2016;

143:604–610. https://doi.org/10.1016/j.ygyno.2016.09.020 PMID: 27665313

18. Lee MS, Venkatesh KK, Growdon WB, Ecker JL, York-Best CM. Predictors of 30-day readmission follow-

ing hysterectomy for benign and malignant indications at a tertiary care academic medical center. Am J

Obstet Gynecol. 2016; 214:607.e1–607.e12. https://doi.org/10.1016/j.ajog.2015.11.037 PMID: 26704895

19. Clark RM, Lee MS, Rauh-Hain JA, Hall T, Boruta DM, del Carmen MG, et al. Surgical Apgar score and

prediction of morbidity in women undergoing hysterectomy for malignancy. Gynecol Oncol. 2015;

136:516–520. https://doi.org/10.1016/j.ygyno.2014.11.016 PMID: 25475542

20. Clark RM, Growdon WB, Wichert A, Boruta D, del Carmen MG, Goodman AK, et al. Patient, treatment

and discharge factors associated with hospital readmission within 30 days after surgical cytoreduction

for epithelial ovarian carcinoma. Gynecol Oncol. 2013; 130:407–410. https://doi.org/10.1016/j.ygyno.

2013.05.034 PMID: 23747329

21. Keller DS, Khorgami Z, Sendseid B, Khan S, Delaney CP. Identifying causes for high readmission rates

after stoma reversal. Surg Endosc. 2014; 28:2163–1268. https://doi.org/10.1007/s00464-013-3320-x

PMID: 24281432

22. Bruintjes M, van Helden EV, Braat AE, Dahan A, Scheffer GJ, van Laarhoven CMJH, et al. Deep neuro-

muscular block to optimize surgical space conditions during laparoscopic surgery: a systematic review

and meta-analysis. Br J Anaesth. 2017; 118(6):834–42. Epub 2017/06/03. https://doi.org/10.1093/bja/

aex116 PMID: 28575335

23. Boon M, Martini C, Hellinga M, Bevers R, Aarts L, Dahan A. Influence of variations in arterial PCO2 on

surgical conditions during laparoscopic retroperitoneal surgery. Br J Anaesth. 2016; 117:59–65. https://

doi.org/10.1093/bja/aew114 PMID: 27154574

24. Damle RN, Alavi K. Risk factors for 30-d readmission after colorectal surgery: a systematic review. J

Surg Res. 2016; 200:200–207. https://doi.org/10.1016/j.jss.2015.06.052 PMID: 26216748

25. Schmid M, Chiang HA, Sood A, Campbell L, Chun FK, Dalela D, et al. Causes of hospital readmissions

after urologic cancer surgery. Urol Oncol. 2016; 34:236.e1–11. https://doi.org/10.1016/j.urolonc.2015.

11.019 PMID: 26712365

26. Wick EC, Shore AD, Hirose K, Ibrahim AM, Gearhart SL, Efron J, et al. Readmission rates and cost fol-

lowing colorectal surgery. Dis Colon Rectum. 2011; 54:1475–1469. https://doi.org/10.1097/DCR.

0b013e31822ff8f0 PMID: 22067174

27. Centers for Medicare and Medicaid Services (CMS). HHS. Medicare program; hospital inpatient pro-

spective payment systems for acute care hospitals and the long-term care hospital prospective payment

system and fiscal year 2013 rates; hospitals’ resident caps for graduate medical education payment

purposes; quality reporting requirements for specific providers and for ambulatory surgical centers. final

rule. Fed Regist. 2012; 77:53257–53750. PMID: 22937544

28. Damle RN, Cherng NB, Flahive JM, Davids JS, Maykel JA, Sturrock PR, et al. Clinical and financial

impact of hospital readmissions after colorectal resection: predictors, outcomes, and costs. Dis Colon

Rectum. 2014; 57:1421–1429. https://doi.org/10.1097/DCR.0000000000000251 PMID: 25380009

High-dose rocuronium and unplanned readmission

PLOS ONE | https://doi.org/10.1371/journal.pone.0197036 May 23, 2018 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/9366929
https://doi.org/10.1136/bmj.e6329
https://doi.org/10.1136/bmj.e6329
http://www.ncbi.nlm.nih.gov/pubmed/23077290
https://doi.org/10.1093/bja/aew246
https://doi.org/10.1093/bja/aew246
http://www.ncbi.nlm.nih.gov/pubmed/27543551
https://doi.org/10.1213/01.ane.0000260135.46070.c3
https://doi.org/10.1213/01.ane.0000260135.46070.c3
http://www.ncbi.nlm.nih.gov/pubmed/17312208
https://doi.org/10.1111/aas.12699
http://www.ncbi.nlm.nih.gov/pubmed/26846546
https://doi.org/10.1056/NEJMsa0803563
http://www.ncbi.nlm.nih.gov/pubmed/19339721
https://doi.org/10.1016/j.ygyno.2016.09.020
http://www.ncbi.nlm.nih.gov/pubmed/27665313
https://doi.org/10.1016/j.ajog.2015.11.037
http://www.ncbi.nlm.nih.gov/pubmed/26704895
https://doi.org/10.1016/j.ygyno.2014.11.016
http://www.ncbi.nlm.nih.gov/pubmed/25475542
https://doi.org/10.1016/j.ygyno.2013.05.034
https://doi.org/10.1016/j.ygyno.2013.05.034
http://www.ncbi.nlm.nih.gov/pubmed/23747329
https://doi.org/10.1007/s00464-013-3320-x
http://www.ncbi.nlm.nih.gov/pubmed/24281432
https://doi.org/10.1093/bja/aex116
https://doi.org/10.1093/bja/aex116
http://www.ncbi.nlm.nih.gov/pubmed/28575335
https://doi.org/10.1093/bja/aew114
https://doi.org/10.1093/bja/aew114
http://www.ncbi.nlm.nih.gov/pubmed/27154574
https://doi.org/10.1016/j.jss.2015.06.052
http://www.ncbi.nlm.nih.gov/pubmed/26216748
https://doi.org/10.1016/j.urolonc.2015.11.019
https://doi.org/10.1016/j.urolonc.2015.11.019
http://www.ncbi.nlm.nih.gov/pubmed/26712365
https://doi.org/10.1097/DCR.0b013e31822ff8f0
https://doi.org/10.1097/DCR.0b013e31822ff8f0
http://www.ncbi.nlm.nih.gov/pubmed/22067174
http://www.ncbi.nlm.nih.gov/pubmed/22937544
https://doi.org/10.1097/DCR.0000000000000251
http://www.ncbi.nlm.nih.gov/pubmed/25380009
https://doi.org/10.1371/journal.pone.0197036


29. Fecso AB, Szasz P, Kerezov G, Grantcharov TP. The effect of technical performance on patient out-

comes in surgery: a systematic review. Ann Surg. 2017; 265:492–501. https://doi.org/10.1097/SLA.

0000000000001959 PMID: 27537534

30. Fanelli V, Morita Y, Cappello P, Ghazarian M, Sugumar B, Delsedime L, et al. Neuromuscular blocking

agent cisatracurium attenuates lung injury by inhibition of nicotinic acetylcholine receptor-α1. Anesthesi-

ology 2016; 124:132–140. https://doi.org/10.1097/ALN.0000000000000907 PMID: 26540149

High-dose rocuronium and unplanned readmission

PLOS ONE | https://doi.org/10.1371/journal.pone.0197036 May 23, 2018 12 / 12

https://doi.org/10.1097/SLA.0000000000001959
https://doi.org/10.1097/SLA.0000000000001959
http://www.ncbi.nlm.nih.gov/pubmed/27537534
https://doi.org/10.1097/ALN.0000000000000907
http://www.ncbi.nlm.nih.gov/pubmed/26540149
https://doi.org/10.1371/journal.pone.0197036

