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Abstract

Background: Altered metabolism after liver surgery adds complexity to
postoperative pain management. Opioids administered via intravenous
Patient Controlled Analgesia (PCA) is one of the main alternatives for
initial pain management. Paracetamol is considered potentially dangerous
after liver surgery but used selectively. This study evaluates whether there
is a difference in patient outcome after hepatic resection, based on the
amounts of opioids used in the first postoperative period, and on the use of
postoperative paracetamol.

Methods: 208 consecutive patients with hepatic resection for colorectal
liver metastasis in Lund, Sweden, were included. Opioids consumed within
the first 24 hours postoperatively were summed up. The use of paracetamol
in the first four days was recorded. The effect of opioid consumption was
analysed by grouping patients into those consuming higher amounts of
opioids than the median (HO) and those consuming less amounts (LO).
Patient outcome was evaluated by length-of-stay (LOS) and postoperative
complications.

Results: The HO-group had a longer LOS than the LO-group, by a
regression coefficient of 1.19, p=0.001, after adjusting for confounders.
Use of paracetamol individually shortened the LOS, by 0.83, p=0.002.
There was no impact of these factors on postoperative complications.

Conclusion: Larger consumption of opioids in the first postoperative day
negatively impacts the LOS. Paracetamol shortens the LOS and should be

considered after hepatic surgery.

Keywords: Liver resection, Outcome, opioids, Length of stay (LOS),
Paracetamol

Introduction

The rates of hepatic resection have increased during the last decades
as the outcome has improved [1]. Colorectal cancer is the world’s third
most common cancer, and approximately half of the patients present with,
or develop, colorectal liver metastasis (CRLM). The main potentially
curative treatment for patients with CRLM is liver resection, combined with
oncological treatment with chemotherapy [2]. The 5-year overall survival
after liver surgery for CRLM is about 50% [3]. The improved outcome after
hepatic resection can be attributed to improvement in surgical techniques,
patient selection and perioperative management [1].

Enhanced Recovery Pathways (ERPs), standardised perioperative
management plans, have been developed and implemented in various surgical
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fields, also suggested in liver surgery [4, 5]. Postoperative
pain control is of great importance for patients’ recovery,
as inadequate pain control can increase the incidence of
complications, prolong the length of stay (LOS) in hospital
and worsen the patients’ experience of recovery [5-8].
Postoperative pain management remains a difficult issue,
partly due to the postresection metabolism specific to hepatic
surgery. The metabolism of opioids can be affected by large
resections [9]. Opioids may cause respiratory depression,
pruritus, sedation, postoperative ileus, and nausea [10-13].
They can also induce tolerance, dependence, and hyperalgesia
in the postoperative patient [13]. These adverse effects may
worsen outcomes after surgery. Epidural analgesia (EA) is an
opioid sparing alternative in pain management. Still, it has
other problems associated with it in liver surgery, such as the
risk of more problematic fluid management, an increased risk
of epidural hematomas due to postoperative coagulopathy
associated with liver surgery, and more difficult postoperative
mobilisation [8, 14, 15]. Studies comparing opioids and EA
have demonstrated conflicting results [5, 10-12, 16, 17]. By
ERPs, and the PROSPECT work group, it is recommended
also to also analgesic supplements, such as non-steroid
anti-inflammatory drugs, local anaesthetic infusion pumps,
subcostal transversus abdominis plane blocks or paracetamol
[5, 8, 18-21]. In other types of surgery, paracetamol is often
considered a standard part of the multimodal postoperative
pain management [4]. In liver surgery, though, changes in
metabolism after liver resection might increase the plasma
concentration of paracetamol, possibly causing toxic effects.
Hence paracetamol is often avoided after major hepatectomies
[20, 22].

The aim of this study was to evaluate whether there is a
difference in patient outcome after hepatic resection based on
both the amounts of opioids used and the use of paracetamol
or not.

Material and Methods
Patients and perioperative management

Patient records of patients who had partial hepatectomy for
CRLM at Skane University Hospital in Lund, from 1 January
2014 to 31 December 2017 were analysed retrospectively.
Patient characteristics, perioperative parameters and outcome
parameters were collected from patient records and Patient
Controlled Analgesia (PCA) work sheets. Patients were
excluded if they had preoperative chronic opioid use, had
other synchronous surgery, had an Associating Liver Partition
and Portal vein Ligation for Staged hepatectomy (ALPPS),
had irresectable metastasis, had laparoscopic surgery, or had
missing patient records, Figure 1.

Patients were anesthetised by routine using Propofol,
Fentanyl, Rocuronium and Sevoflurane or Remifentanyl. By
routine patients had a postoperative intravenous PCA, with
Morphine, Ketobemidone or Oxycodone, depending on the

standard at the time of surgery. The initial PCA standard-
setting was: continuous infusion of 0.5-1 mg per hour; Bolus
dosage of 1 mg; Lock-out time 10 minutes; Upper limit of
6 bolus doses per hour. The settings could be changed at
the discretion of a specialised pain-team. Patients who did
not use a PCA received oral opioids combined with nurse-
administered intravenous opioids, as needed. Paracetamol
was given at the surgeon’s discretion.

The total amount of opioids consumed from the end of
surgery and the following days was analysed. The noted total
use closest to 24 hours postoperative was used to calculate
the 24 hours PCA consumption. All opioids administered
via the PCA, any other extra injections, and any oral opioids
were included. Opioids such as oxycodone given as a
postoperative bolus at the end of surgery, were also included,
but perioperative Fentanyl or Remifentanil given as part of
the anaesthesia was excluded due to short-acting nature of it.
Opioids were converted to oral morphine equivalents (OME)
[23]. and summed up. Based on the total amount of opioids
consumed, patients were divided into two groups; patients
who had consumed less opioids than the median “low
opioids” (LO), and patients who had consumed more than
median “high opioids” (HO). Paracetamol (acetaminophen)
was individually dosed; the normal dose was 1000mg x4, iv
or po.

Definitions

Major hepatic resection was defined as resection of three
or more Couinaud segments. Complications were categorised
based on the Clavien-Dindo classification [24]. Major
complications were defined as Clavien-Dindo >3a. Nausea
was defined as receiving medical treatment with Ondansetron
or Metoclopramide the first four days. Paracetamol use
was defined as receiving paracetamol within the first four
days post-surgery. Day of bowel recovery was defined
as the day of first bowel movement. American Society of
Anaesthesiologists (ASA) classification was dichotomised
into class <3 versus class >3. Length-of-stay (LOS) was
defined as day of discharge to home.

Statistics

The main outcomes LOS, minor complications and
major complications were analysed for relation to opioid
consumption, and paracetamol consumption by using
linear regression, and logistic regression, in univariable
and multivariable analyses. In the multivariable analyses
variables considered to be clinically relevant or had a p
<0.10 in the univariable analysis were tested for independent
effect on the outcome. Bowel recovery and nausea were
not included in the multivariable analyses, as they were
considered mediators. In an iterative process of variable
selection using backward stepwise selection, covariates were
removed from the model if they were non-significant. LOS
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was log-transformed in order to fulfill assumptions about the
normality and homoscedasticity of the residuals.

Patient data and perioperative data are described in
absolute numbers and percentages, distribution in median
and interquartile range (IQR). The results of linear regression
analysis are presented as Exp(B) for LOS, with 95%
confidence interval (CI), and the logistic regression as Odds
Ratio (OR) with 95% CI. Two-tailed p-values <0.05 were
considered statistically significant. All statistical analyses
were performed using SPSS version 25.0, 2017 (IBM,
Armonk, New York, USA). Ethics were approved by the
Regional Human Ethics Committee at Lund University (Dnr
2019/00762).

Results

In total 268 consecutive patients subject to liver resection
for CRLM at Skéne University Hospital in Lund were
identified. Sixty patients were excluded, Figure 1. A cohort
of 208 patients was obtained.

Flow chart for included and excluded patients. ALPPS=
Associating Liver Partition and Portal vein Ligation for
Staged hepatectomy.

Median consumed opioids during the first 24 hours after
surgery was 116.8mg (87.6-164.5mg) in the whole cohort,
and the patients were grouped as HO or LO accordingly.
Patients in LO consumed 87.9mg in median in the first 24

268 patients
n=6 Chronic opioid
+ consumption
262 patients
n=9 Synchronous
i surgery
[ 253 patients
n=5 ALPPS
. ¥
248 patients
n=7 Irresectable
| metastasis

241 patients
| n=3 Missing records

»

k4
238 patients
n=30 | Laparoscopic

+ surgery
- 208 patients

Figure 1: Flow Chart.

Table 1: Patient and treatment characteristics.

Groups

Variable n Low opioids High opioids p-value
Gender, male | 208 | 59 (56.7%) 77 (74.0%) 0.009
Age 208 | 71.5(64.25-76) 66 (57~ 72) <0.001
BMI 208 | 248(231-286) | 266(239-286) 0.047
Weight 208 | 748(650-833) | 81.8(729-89.0) 0.001
Diabetes 208 | 13 (12.5%) 10 (9.6%) 0507
Smoking 207 | 18 (17.3%) 13 (12.6%) 0.345
ASAscore>3 | 208 | 38 (36.5%) 43 (413%) 0477
Re-resection 208 | 12(11.5%) 8(7.7%) 0.347
Operation e, | 495 40(2.9-5.8) 45(35-6.1) 0.052
hours
Blood loss, lires | 208 | 0.4(0.2-0.7) 05(0.25-08) 0.122
r'\gzj:crﬁ'(‘;”aﬁc 208 | 45 (43.3%) 39 (37.5%) 0.397
Opioids,mg | 208 |87.9(71.0-1030) | 164.1(138.1-189.7) | -
E::Oc:tam"' 208 | 62 (59.6%) 61 (58.7%) 0.888
Nausea 208 | 61(58.7%) 53 (51.0%) 0.265
e 1651469 4(35) 0455
Complications | 208 | 51 (49.0%) 62 (59.6%) 0.126

12 (115%) 11(106%) 0.825
LOS, days 208 | 6(5-7.75) 6(5.25-8.75) 0.009

hours, and in HO 164.1mg. Patients in HO were younger,
more often male, weighed more and had higher BMI, Table
1. LOS was longer in the HO group. There was no significant
difference between the groups in rates of diabetes, smoking,
ASA class. The blood loss during surgery and operation time
was similar. No difference in bowel recovery could be found.
No difference was found regarding nausea, or complications.
The use of paracetamol was the same in both groups.

Cut-off between groups is at median consumption of
opioids per the first 24 hours: 116.8mg/24h. BMI=Body
mass index. ASA=American Society of Anaesthesiologists.
LOS= Length of stay in hospital. Data presented in actual
numbers and percent, medians and IQR, Inter Quartile Range.
Statistics: Chi-Square or Mann-Whitney.

Regression models

The correlation of LOS and confounders is presented
in Table 2. HO was independently associated with LOS by
regression coefficient of 1.19, p=0.001. Use of paracetamol
was associated with shorter LOS, regression coefficient
0.83, p=0.002. Age, operation time, and minor and major
complications were covariates associated with LOS.

HO was not found to individually impact minor
complications, nor was paracetamol, Table 3. Longer
operation time was associated with minor complications,
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Univariable analysis

Multivariable analysis

Missing data Exp(B) (95% ClI) p-value Exp(B) (95% CI) p-value

Gender, male 1.11(0.97 - 1.27) <0.001
Age 1.06 (1.00 - 1.01) 0.403 1.20 (1.00-1.01) 0.001
BMI 1.08 (0.99 - 1.03) 0.255
Diabetes 1.13(0.98 - 1.47) 0.079
Smoking 1 1.08 (0.99 - 1.03) 0.433
ASA 23 1.17 (1.02 - 1.33) 0.02
Re-resections 0.89 (0.66 — 1.03) 0.085
Operation time, hours 13 1.45(1.06 - 1.13) <0.001 1.18 (1.01-1.07) 0.008
Blood loss, litres 1.28 (1.11-1.41) <0.001
Major hepatic resection 1.29 (1.12 - 1.45) <0.001
Nausea 1.21(1.05-1.36) 0.006
Bowel recovery 43 1.41(1.07-1.17) <0.001
Complications Minor 1.19 (1.04 - 1.34) 0.011 1.41(1.25-1.54) <0.001

Major 1.63 (1.74 - 2.49) <0.001 1.82(2.11-2.95) <0.001
Paracetamol postop 0.68 (0.61-0.77) <0.001 0.83(0.75-0.94) 0.002
High Opioids (HO) 1.19 (1.04 - 1.34) 0.012 1.19 (1.07 - 1.30) 0.001

n=208. ASA=American Society of Anaesthesiologists. BMI = Body Mass Index.

Table 3: Minor Complications, logistic regression models

Univariable analysis

Multivariable analysis

Missing data OR (95% ClI) p-value OR (95% ClI) p-value

Gender, male 0.78 (0.44 - 1.39) 0.399 0.57 (0.30-1.09) | 0.088
Age 1.00 (0.97-1.02) | 0.793

BMI 1.02 (0.96 —1.10) | 0.509

Diabetes 0.75(0.31-1.78) | 0.508

Smoking 1 0.48 (0.22-1.05) | 0.066 0.38 (0.16 —0.89) | 0.026
ASA =3 1.39(0.79-2.44) | 0.255

Re-resections 0.66 (0.26 — 1.67) 0.381

Operation time, hours 13 1.19(1.02-1.38) | 0.03 1.21(1.03-1.42) | 0.021
Blood loss, litres 1.52 (0.87 — 2.66) 0.144

Major hepatic resection 1.03 (0.59 - 1.80) 0.917

Nausea 1.49(0.86-2.58) | 0.157

Bowel recovery 43 1.03 (0.81 - 1.31) 0.808

Paracetamol postop 0.74 (0.42 —1.28) 0.28

High Opioids (HO) 1.53(0.89-2.66) | 0.126

n = 208. ASA=American Society of Anaesthesiologists. BMI = Body Mass Index.
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Table 4: Major complications. Logistic regression models

Univariable analysis

Missing data OR (95% CI)
Gender, male 1.57 (0.59 - 4.18)
Age 0.99 (0.95-1.03)
BMI 1.07 (0.97 - 1.19)
Diabetes 1.84 (0.57 - 5.97)
Smoking 1 0.84 (0.23 - 3.00)
ASA 23 1.83(0.77 - 4.38)
Re-resections 2.22(0.67-7.34)
Operation time, hours 13 1.24 (0.99 - 1.55)
Blood loss, litres 2.07 (1.06 - 4.02)
Major hepatic resection 1.71(0.72 - 4.09)
Nausea 2.57(0.97-6.81)
Bowel recovery 43 1.55 (1.11-2.17)
Paracetamol postop 0.40(0.17-0.97)
High Opioids (HO) 0.91(0.38 -2.16)

Multivariable analysis
p-value OR (95% CI) p-value
0.365
0.689
0.195
0.311
0.783
0.172
0.19
0.06
0.033
0.226
0.058
0.01
0.043 0.41(0.16 - 1.04) 0.06

0.825

n = 208. ASA=American Society of Anaesthesiologists. BMI = Body Mass Index.

OR 1.21, p=0.021. Smoking decreased the risk for minor
complications, OR 0.38, p=0.026.

Paracetamol use and blood loss were found to impact major
complications in univariate analysis, but in multivariable
analysis no individual impacts were found, table 4.

Discussion

This study shows that patients consuming high amounts
of opioids in the first 24 hours after liver surgery have longer
LOS, and that patients having paracetamol postoperatively
have shorter LOS after liver surgery for CRLM. No
individual correlations between complications and opioids
or paracetamol were found. To our knowledge it is the first
study to demonstrate a correlation between LOS and opioid
consumption in liver surgery.

The amounts of opioids consumed were found to diverge
broadly, with patients in LO using almost half as much as
patients in HO. Younger patients consumed more opioids
than older patients, consistent with previous studies and the
lower metabolism and age-related renal impairment that is
expected with increasing age [25, 26]. Age also correlated
individually with LOS in the present study. Worse outcomes
for elderly, including longer LOS after surgery, is previously
established [27]. Females were found to consume less opioids
than males, possibly depending on lower average weight,
and lower opioid metabolism [25]. Higher weight and BMI
were found to be more common in the HO group. Gender
and BMI had no individual impact on LOS or complications.
Postoperative hepatic metabolism of opioids can be affected
by the extent of the resection [9, 28]. No difference in
frequency of major resections was found between opioid

groups in the present study, and the extent of resections was
not found to be individually associated to neither LOS nor
complications.

This study measured the opioids consumed only early in
the postoperative recovery, in the first 24 hours after surgery,
and found that patients in HO had longer LOS than LO. This
implies that high amounts of opioids consumed this early
during recovery negatively affect the rest of the hospital
stay. Early in recovery, many complications have not started
to present, and hence complications are not likely to have
affected the amounts of opioids consumed yet. Correlation
between opioid consumption and LOS has previously been
demonstrated, in orthopaedic surgery [29]. Patients in this
study were naive to opioids, as patients with chronic opioid
use were excluded from the cohort. Hence, any individual
opioid tolerance in this cohort is native and impossible to
control.

In this study the amounts of opioids used did not correlate
individually to complications. Opioids can contribute
to postoperative complications, however [6]. As major
complications are more frequent after complex liver surgery,
associations with blood loss, operation time and extent of
hepatic resections would be expected, but no such association
was found. Nausea, and late bowel recovery, are expected
side effects of opioids [17]. Nausea treated with antiemetics
is classed as a minor complication according Clavien Dindo.
Late bowel recovery secondary to large amounts of opioids
may lead to a longer LOS [24]. Possible correlations to
complications and LOS can thus be secondary to opioid
use and therefore nausea and bowel recovery could not be
included in multivariate analyses.
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Minor complications had, surprisingly, an individual
negative correlation to smoking, opposite of what was
expected. The low smoking prevalence in this study may raise
questions about the accuracy of the patients’ smoking reports
and difficult to interpret. Due to changes in metabolism
after liver resection paracetamol is often avoided after
major hepatectomies [20, 22, 30]. No correlation between
paracetamol and complications could be seen, in this study.
This might be due to patient selection, since paracetamol
was used at the discretion of the surgeon, and it can be
suspected that fragile patients and patients expected to have a
limited liver function postoperatively were not administered
paracetamol.

In this cohort, paracetamol was found to be an individual
predictor for shorter LOS. It was given to approximately
two-thirds of the patients. We had expected to find an
opioid-sparing effect to paracetamol, in accordance with
previous studies [8, 30], but no such effect could be seen.
Previous studies have demonstrated that hepatic resections
may result in altered metabolism of paracetamol, but not
in toxic blood concentration or toxic effects [20, 22]. Risk
factors for hepatotoxicity of paracetamol that need to be
considered before using it after liver resections, are liver
disease, age, malnutrition, intraoperative liver ischemia and
low remnant liver volume [8]. The results of this study show
that paracetamol should be used in hepatectomy patients
whenever no such contraindications apply.

In this study cohort, no other postoperative analgesics
were given than opioids and paracetamol. Recent literature
and ERPs suggest that multimodal pain management using
analgesic supplements such as non-steroid anti-inflammatory
drugs, local anaesthetic infusion pumps, subcostal transversus
abdominis plane blocks and paracetamol is effective in
reducing opioid consumption and may improve recovery
and shorten the LOS [5, 8, 18-21]. The present study shows
that patients receiving analgesia with opioids alone have
a longer hospital stay than patients combining opioids
and paracetamol, thus confirming the need to implement
multimodal pain management.

This study was performed in an actual clinical setting,
with unselected patients, naive to opioids, having hepatic
resections for CRLM. A strength of the study is that even
though different opioids were used during the study period,
all opioids were converted to OME to be able to make
comparisons between patients and previous publications easy.
As the present study is a retrospective cohort study there are
limitations. The study relies on the data in the patient records
and worksheets and the accuracy of these data. Patient
records had some missing data, mainly concerning bowel
recovery, and nausea was measured as receiving antiemetics
postoperatively instead of actual patient ratings.

Future studies on opioid use during postoperative

recovery should explore multimodal pain management,
using analgesic supplements together with opioids. Studies
should aim to include patients prospectively and to include
pain scores and Quality-of-recovery-scores to investigate the
analgetic effect and patient satisfaction in the different arms.

Conclusion

In conclusion, this study shows that larger consumption of
opioids the first 24 hours postoperatively negatively impacts
the surgical outcome, with a longer LOS. To improve the
surgical outcome, multimodal pain management should be
implemented to lower opioid doses, and paracetamol should
be given postoperative when possible.
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