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. The amount of reduction in opioid doses and its effect on postoperative pain outcomes in chronic kidney

. disease (CKD) patients in the perioperative setting remains unclear. This study aimed to investigate
differences in postoperative pain outcomes after major laparoscopic surgery between patients with
CKD and those with normal preoperative kidney function. Medical records of patients who underwent
laparoscopic major abdominal surgery from January 2010 to December 2016 were retrospectively

. reviewed, and 6,612 patients were finally included. During postoperative day (POD) 0-3, patients

. with an estimated glomerular filtration rate (eGFR) < 30 mL min~*1.73 m~2 had 3.5% lower morphine

. equivalent consumption than those with an eGFR >90mL min—11.73m~2 (P=0.023), whereas patients

. with preoperative eGFR between 60-90 mL min—11.73m~2and 30-60 mL min—11.73m~2showed no
significant differences in morphine equivalent consumption. Additionally, pain scores at rest during
POD 0-3 were not significantly associated with preoperative kidney function. In conclusion, our
results suggest that patients with mild to moderate CKD (stage 2-3) did not require reduction of opioid
analgesics during POD 0-3, compared to patients with normal preoperative kidney function. Only
patients with severe CKD (stage > 4) might require a slight reduction of opioid analgesics.

. Itis reported that about 80% of all surgical patients experience postoperative pain!, and effective pain control
. plays an important role in lowering postoperative morbidity and mortality®. The most commonly used method of
. postoperative pain control is systemic opioid analgesia®. A recent study reported that opioids are commonly used

until postoperative days (PODs) 4 to 15 among patients after common surgical procedures*. However, opioids are

associated with a variety of known adverse effects® and should be used with caution in patients who are more vul-

nerable to these adverse effects. Patients with chronic kidney disease (CKD) are particularly at risk of developing

serious adverse effects of opioids.

CKD, which is defined by an estimated glomerular filtration rate (eGFR) below 60 mLmin~'1.73m™2¢,is a

- global health problem with a worldwide prevalence of 8% to 16%’. Because CKD patients have a reduced ability
. to clear drugs through the kidney, the dose of opioids should be appropriately reduced to avoid adverse effects
© in these patients®. A systematic review conducted as part of the European Palliative Care Research Collaborative
: opioid guidelines project’ reported that, among opioids, morphine has the highest toxicity rate in CKD patients,
. whereas alfentanil, fentanyl, and methadone have the lowest toxicity rates. However, that study only analysed
. data from chronic cancer patients and did not include patients with perioperative or acute pain®. Although one
. study recommended that the dose of transdermal fentanyl should be reduced by 50% in CKD patients'?, there is
© limited evidence regarding the use of fentanyl for postoperative and acute pain control in patients with CKD'!.
. Thus, there is a lack of information regarding the impact of impaired renal function in patients with CKD on

requirement for opioids and on pain outcomes in the perioperative setting.

Therefore, this study aimed to investigate differences in postoperative pain outcomes, including opioid con-

* sumption and pain scores, after major laparoscopic surgery, between patients with CKD and those with normal
. kidney function. Our hypothesis for this study was that a correlation exists between the degree of renal impair-
: ment and opioid consumption in patients with CKD stages 1-5, after major laparoscopic surgery
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Jan.2010 - Dec. 2016

Initially screened (n=20,800 patients)

Exclusion (n=14,188 patients)

1) n= 856 (< 20 years old )

2) n= 1,053 (Emergency surgery)

3) n= 1,390 (Single port laparoscopy)

4) n= 9,571 (Surgery time < 2 hours)

5) n= 343 (Remifentanil or dexmedetomidine continuous
infusion in ICU on POD 0-3)

6) n=8 (Discharge within POD 3)

7) n=25 (Additional surgery in POD 0-3)

8) n=42 (Intraoperative open conversion)

9) n=96 (Appendectomy or cholecystectomy > 2hr)
10) n= 746 (Missing or incomplete medical records)

11) n= 58 (preoperative chronic opioid user)

Finally included (n=6,612 patients)

Figure 1. Patient selection flowchart.

Results

A total of 20,800 patients at the Seoul National University Bundang Hospital (SNUBH) underwent a laparoscopic
surgical procedure between January 1, 2010 and December 2016. Of these, 856 patients were excluded for age
younger than 20 years, 1,053 were excluded for emergency surgery, 1,390 were excluded for single-port lapa-
roscopy, 9,571 were excluded for surgery lasting less than 2hours, 343 were excluded for receiving a continuous
infusion of remifentanil or dexmedetomidine during the first three PODs, 8 were excluded for being discharged
before the third POD, 25 were excluded for undergoing additional surgery during the first three PODs, 42 were
excluded for intraoperative conversion to open laparotomy, 96 were excluded for undergoing simple appendec-
tomy or cholecystectomy, 58 were excluded due to preoperative chronic opioid usage, and 746 were excluded
for missing or incomplete medical records. As a result, 6,612 patients were included in the final analysis. A flow-
chart of the patient selection process is shown in Fig. 1 and characteristics of the included patients are shown in
Table 1. The mean (standard deviation [SD]) preoperative eGFR was 96.9mLmin~! 1.73 m~2 (25.8). There were
no life-threatening opioid-related complications (e.g., respiratory arrest) among the study population.

Morphine equivalent consumption during the first three PODs. Table 2 shows the results of the
univariate generalized linear regression analysis of morphine equivalent consumption on PODs 0 to 3. Sex, body
mass index (BMI, kg m~2), American Society of Anesthesiologists (ASA) physical status, some preoperative
comorbidities (hypertension, diabetes mellitus, cancer), surgery time, propofol-based total intravenous anaesthe-
sia (TTVA), intraoperative magnesium infusion, years of surgery, preoperative eGFR were selected with a criterion
of P < 0.2 in the univariate model. The results of the multivariate generalized linear regression analysis, including
the variables selected from the univariate model, are shown in Table 3. In the multivariate model, the group with
a preoperative eGFR < 30 mLmin~' 1.73 m™2 had a significant 3.5% lower morphine equivalent consumption on
PODs 0 to 3 than the group with a preoperative eGFR >90mL min~! 1.73 m~? (exponentiated [exp] regression
coefficient: —0.035, 95% confidence interval [CI], —0.064, —0.005; P=0.023). However, the patients with pre-
operative eGFR: 60-90 mLmin~! 1.73 m~? and 30-60 mL min~! 1.73 m~2 were not associated with differences in
morphine equivalent consumption on POD 0-3 (P=0.145 and P=0.222, respectively).

Additionally, male sex (exp. coeflicient: 0.323, 0.379; P < 0.001), body mass index (kg m~2) (exp. coeflicient:
0.019, 95% CI: 0.015, 0.023; P < 0.001), cancer (exp. coeflicient: 0.362, 95% CI: 0.329, 0.395; P < 0.001), sur-
gery time (min) (exp. coeficient: 0.001; 95% CI: 0.001, 0.001; P < 0.001), propofol-based TIVA (exp. coefficient:
—0.135, 95% CI: —0.182, —0.088; P < 0.001), intraoperative magnesium sulphate infusion (exp. coeflicient:
—0.084, 95% CI: —0.144, —0.024; P=0.006) were significantly associated with morphine equivalent consump-
tion during POD 0-3.

Pain scores and adjuvant analgesic consumption during the first three PODs.  Table 4 shows the
results of the multivariate generalized linear regression analysis of Numeric Rating Scale (NRS) pain scores at rest,
as well as the consumption of adjuvant analgesics (acetaminophen and ketorolac) on PODs 0 to 3. Preoperative
eGFR was not significantly associated with NRS pain scores at rest, on PODs 0, 1, 2, or 3 (all P> 0.05). Among
the adjuvant analgesics, acetaminophen consumption during the first three PODs was not significantly associated
with preoperative eGFR (P > 0.05); however, ketorolac consumption during the first three PODs was 33.8% lower
in the group with an eGFR of 30-60 mL min~' 1.73 m~2 group, compared with the group with a preoperative
eGFR > 90 (exp. coefficient: —0.338, 95% CI: —0.596, —0.080; P=0.010).

SCIENTIFICREPORTS| (2079) 9:3939 | https://doi.org/10.1038/s41598-019-40627-1 2


https://doi.org/10.1038/s41598-019-40627-1

www.nature.com/scientificreports/

Age (years) 58.7 (13.2)
Body mass index (kg m~2) 24.1(3.4)
Sex: male 3,715 (56.2%)

Preoperative comorbidities

ASA class

1 2,839 (42.9%)

2 3,542 (53.6%)

>3 231 (3.5%)

Hypertension 1,930 (29.2%)

Diabetes mellitus 948 (14.3%)

Ischemic heart disease 288 (4.4%)

Cerebrovascular disease 169 (2.6%)

Liver disease 192 (2.9%)

Cancer 5,054 (76.4%)

eGFR%, mL min~! 1.73m? 96.9 (25.8)
eGFR: >90 1,382 (20.9%)

eGFR: <90 2,615 (39.5%)

eGFR: 60-90 2,330 (35.2%)

eGFR: 30-60 248 (3.8%)

eGFR< 30 37 (0.6%)

Information regarding surgical procedures

Surgery time, min 196.4 (68.4)

Propofol based intravenous anaesthesia 1,188 (18.0%)

Intraoperative magnesium sulphate infusion | 704 (10.6%)

Length of hospital stay (days) after surgery 6.9 (6.3)

Years of surgery

2010-2012 2,205 (33.3%)
2013-2014 1,770 (26.8%)
2015-2016 2,637 (39.9%)

Postoperative analgesics consumption on POD 0-3

Oral morphine equivalent consumption, mg 516.6 (303.3)

341.2 (812.9)

Acetaminophen, mg

Ketorolac, mg 47.8 (230.9)
Numeric rating scale, pain score at rest

POD 0O 5.4 (1.6)
POD 1 4.5(1.1)
POD 2 3.6 (1.0)
POD 3 3.1(1.0)

Table 1. Characteristics of patients who underwent major laparoscopic abdominal surgery from 2010-2016.
Preoperative eGFR? (mL min~! 1.73 m™2): 186 x (Creatinine) 1> x (Age)*2% x (0.742, if female). SD,
standard deviation; ASA, American Society of Anesthesiologists; POD, postoperative day; eGFR, estimated
glomerular filtration rate.

Discussion

This study showed that opioid consumption was significantly lower in patients with stage 4 or 5 CKD
(eGFR <30 mLmin™' 1.73 m™2) than in those with normal kidney function (¢GFR >90mL min~! 1.73 m~?) dur-
ing the first three days after major laparoscopic surgery, while it was not significantly associated with mild to
moderate CKD (eGFR 30-90 mL min~! 1.73m™2). In addition, there were no significant differences in NRS pain
scores at rest between the patients with CKD and those with normal kidney function during the first three days
after major laparoscopic surgery. As a result, this study suggests that preoperative kidney function status did not
affect pain outcomes after major laparoscopic surgery, except in severe CKD patients with eGFR < 30 mL min™"
1.73m 2 Furthermore, considering that the difference in morphine equivalent consumption between severe CKD
patients with eGFR < 30mL min~' 1.73 m~? and patients with normal kidney function (eGFR >90mL min™!
1.73m~2) was just 3.5%, the clinical significance is questionable.

A recent study by Binhas et al. indicated that there was considerable variability in postoperative pain man-
agement for patients, in all the stages of CKD'% Moreover, Binhas et al. also reported that morphine is favoured
even in patients with end stage renal disease!2. However, the study of Binhas et al. evaluated the prescribing pat-
terns of physicians in a single survey, therefore, the pain outcomes such as the opioid dosage or pain scores were
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Characteristics Exp. Coefficient (95% CI) P-value
Age, years —0.001 (—0.002, 0.001) 0.999
Sex: Male (vs Female) 0.385 (0.358, 0.413) <0.001
Body Mass Index, kg m 2 0.019 (0.015, 0.023) <0.001
A 2(vs1) 0.021 (—0.055, 0.097) 0.596
3(vs1) 0.059 (0.030, 0.087) <0.001
Preoperative Comorbidity
Hypertension 0.043 (0.013, 0.073) 0.005
Diabetes mellitus 0.069 (0.030, 0.108) <0.001
Ischemic heart disease —0.033 (—0.100, 0.034) 0.340
Cerebrovascular disease 0.022 (—0.065, 0.108) 0.624
Liver disease —0.036 (—0.117,0.045) 0.386
Cancer 0.414 (0.381, 0.448) <0.001
Surgery time (min) 0.002 (0.001, 0.002) <0.001
Propofol based intravenous anaesthesia —0.155 (—0.191, —0.119) <0.001
Intraoperative magnesium sulphate infusion | —0.223 (—0.269, —0.178) <0.001
Years of | 2013-2014 (vs 2010-2012) 0.151 (0116, 0.186) <0.001
Surgery | 2015-2016 (vs 2010-2012) 0.211(0.179, 0.242) <0.001
Preoperative eGFR, mL min~' 1.73m 2
eGFR: >90 1
eGFR: 60-90 0.018 (—0.011, 0.047) 0.215
eGFR: 30-60 —0.046 (—0.118, 0.027) 0.216
eGFR: <30 —0.176 (—0.358, 0.005) 0.057

Table 2. Univariate generalized linear regression analysis for morphine equivalent (mg) consumption on
postoperative day 0-3 after major laparoscopic abdominal surgery from 2010-2016. Variables with P < 0.1
(bold) and eGFR are included in the multivariable linear regression analysis in Table 3. Preoperative eGFR*
(mL min~! 1.73m™2): 186 x (Creatinine) 15 x (Age) %% x (0.742, if female). ASA, American Society of
Anesthesiologists; eGFR, estimated glomerular filtration rate.

not evaluated with respect to the eGFR status of the CKD patients. Hence, we divided patients based on their
preoperative eGFR status into four categories (>90, 60-90, 30-60, and < 30 mLmin~' 1.73m™2), and analysed
their opioid consumption during POD 0-3. Our findings are novel, because no study has evaluated the effect of
preoperative CKD stage on the postoperative pain outcome in detail.

Even though the morphine equivalent consumption in our study was 3.5% lower in the patients with severe
CKD than in those with normal kidney function, there was no significant difference in postoperative NRS pain
scores at rest during the first three PODs between the two groups. There are two reasons that may explain this
similarity in pain scores between the groups. First, it is possible that the serum opioid concentration was main-
tained at a similar level between patients with CKD and those with normal kidney function, regardless of dose
reduction, due to delayed excretion of opioids in CKD patients. Moreover, the most commonly used opioid in
this study was intravenous (IV) patient-controlled analgesia (PCA) fentanyl and the elimination of fentanyl can
be delayed in CKD patients. Because the metabolites of fentanyl are known to be inactive and nontoxic®, it is
possible that even a reduced dose of fentanyl may have resulted in prolonged analgesic effects in CKD patients.
Second, all patients received an IV PCA for pain control, which enabled them to titrate their postoperative pain'.
Thus, an opioid dose reduction in CKD patients was unlikely to result in insufficient pain control.

One notable finding of this study pertains to the appropriate dose reduction of IV fentanyl for CKD patients.
According to a 2009 guideline, the dose of most opioids, including IV fentanyl, should be reduced by 25% for
patients with an eGFR between 10 and 50'°. However, a recently updated 2017 guideline reported that CKD
patients do not show a significant serum accumulation of IV fentanyl'®, suggesting that it is not necessary to
reduce the dose of IV fentanyl for opioid-naive CKD patients. The protocol at the SNUBH renders a reduction
of the IV PCA fentanyl dose for CKD patients by about 25% to 50%, according to the patient’s eGFR. However,
because patients were able to self-titrate and receive other opioid analgesics, the morphine equivalent consump-
tion in severe CKD patients was only 3.5% lower than in patients with normal preoperative kidney function in
the present study. Thus, our results suggest that it is not necessary to reduce the IV PCA fentanyl dose by more
than 25% for CKD patients.

Another notable finding of this study is that we identified methods that can reduce postoperative pain in CKD
patients, including the use of propofol-based TIVA. For several years, the SNUBH has used either an intraop-
erative magnesium sulphate infusion!” or propofol-based TIVA'® for laparoscopic surgeries. This study showed
that intraoperative magnesium sulphate infusion resulted in a significantly lower morphine equivalent consump-
tion (about 8.4%) and propofol-based TIVA resulted in a significantly lower morphine equivalent consumption
(about 13.5%) during the first three PODs, which is in line with the findings of previous studies'*-?!. This suggests
that propofol-based TIVA or magnesium sulphate infusion should be routinely considered for CKD patients.
Additionally, surgery time or cancer were associated with morphine equivalent consumption during POD 0-3 in
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Multivariable model

Variables Exp. Coefficient (95% CI) | P value
Sex Male (vs female) 0.351 (0.323,0.379) <0.001
Body Mass Index, kg m 2 0.019 (0.015, 0.023) <0.001

2(vs1) —0.026 (—0.059, 0.008) 0.136
ASA class

3(vsl) —0.046 (—0.126, 0.034) 0.261
Diabetes mellitus 0.010 (—0.032, 0.052) 0.646
Hypertension 0.003 (—0.034, 0.039) 0.885
Cancer 0.362 (0.329, 0.395) <0.001
Surgery time (min) 0.001 (0.001, 0.001) <0.001
Propofol based intravenous anaesthesia —0.135 (—0.182, —0.088) <0.001
Intraoperative magnesium sulphate infusion | —0.084 (—0.144, —0.024) 0.006
Years of surgery

2013-2014 (vs 2010-2012) 0.125 (0.090, 0.161) <0.001

2015-2016 (vs 2010-2012) 0.168 (0.136, 0.201) <0.001
Preoperative eGFR, mL min ' 1.73m 2

eGFR: >90 0

eGFR: 60-90 —0.022 (—0.051, 0.008) 0.145

eGFR: 30-60 —0.046 (—0.120, 0.028) 0.222

eGFR: <30 —0.035 (—0.064, —0.005) 0.023

Table 3. Multivariate generalized linear regression analysis for morphine equivalent (mg) consumption on
postoperative day 0-3 after major laparoscopic abdominal surgery from 2010-2016. Preoperative eGFR* (mL
min~! 1.73m2): 186 X (Creatinine) 11 x (Age) 2% x (0.742, if female). Goodness of fit, Pearson Chi-Square
test, Value: 1991.1 (value/df=0.309). ASA, American Society of Anesthesiologists; eGFR, estimated Glomerular
Filtration Rate.

this study. This can be explained by an assumption that more complex and longer duration of surgical procedures
are associated with more severe pain than simple surgical procedures. Preoperative BMI is another interesting
factor associated with postoperative pain in this study. There were some reports that preoperative BMI was not
associated with postoperative pain®*?*; however, according to our study findings, there was positive association
between preoperative BMI and morphine equivalent consumption during POD 0-3. At our institution, physi-
cians did not tend to prescribe additional opioids in patients with lower BMI, which affected the results of this
study. Therefore, further study is needed to confirm the association between BMI and postoperative pain out-
comes at our institution.

This study has a few limitations. First, there is a possibility of selection bias due to the nature of a retrospec-
tive cohort design. In order to minimize the risk of selection bias, we used a medical record technician who was
blinded to the purpose of this study. Second, this study was performed at a single centre, which may limit the
generalizability of these findings. Third, most of the opioid analgesia used in this study was IV PCA fentanyl and
the use of additional opioids (e.g., tramadol and oxycodone) necessitated the application of a standard conversion
ratio, which may have reduced the accuracy of these results. Fourth, the patients’ pain scores at rest were assessed
by many different nurses over a period of seven years, which makes it difficult to ensure the accuracy of these
scores. In addition, this study did not evaluate NRS pain scores at movement during POD 0-3, which limits the
results of this study. Finally, we only focused on laparoscopic abdominal surgery rather than other surgeries, such
as laparotomy, thoracotomy, or amputation, which could induce higher postoperative pain than laparoscopic
surgery. Therefore, the results of this study might be restricted in its application to other surgeries.

In conclusion, our results suggest that patients with mild to moderate CKD (stage 2-3) did not require reduc-
tion of opioid analgesics during POD 0-3, compared to patients with normal preoperative kidney function. Only
patients with severe CKD (stage > 4) might require a slight reduction of opioid analgesics.

Methods

This retrospective cohort study was approved by the institutional review board of the SNUBH (approval number:
B-1803/459-105; approval date: 2018.03.12). The requirement for obtaining informed consents was waived due
to the retrospective study design, and this manuscript adheres to the applicable STROBE guidelines. The medi-
cal record technician who collected patients’ demographic, clinical, and surgery-related data was blinded to the
purpose of this study.

Patients. The medical records of patients aged 20 years or older who underwent elective, major laparoscopic
surgery at the SNUBH between January 1, 2010 and December 31, 2016 were analysed. Major laparoscopic sur-
gery was defined as any laparoscopic surgical procedure that lasted for more than 2hours and involved resection
of an intraperitoneal organ. Simple appendectomy and cholecystectomy were excluded, even if the duration of
surgery was longer than 2 hours. The exclusion criteria also included emergency surgery, single-port laparoscopy
(which is known to cause less pain)?, discharge before POD 3, additional surgery during the first three PODs,
intraoperative conversion to open laparotomy, continuous infusion of remifentanil or dexmedetomidine during
the first three PODs, preoperative chronic opioid usage, and incomplete or missing medical records.
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Variables Exp. Coefficient (95% CI) | P-value*
NRS pain score on POD 0 (model 1)

eGFR: >90mLmin~! 1.73m™2 0

eGFR: 60-90mLmin~'1.73m™2? —0.002 (—0.018,0.015) 0.824
eGFR: 30-60 mLmin~! 1.73m 2 —0.031 (—0.073,0.012) 0.160
eGFR: <30mLmin~!1.73m™2 —0.009 (—0.118, 0.100) 0.876
NRS pain score on POD 1 (model 2)

eGFR: >90mLmin~' 1.73m™2 0

eGFR: 60-90mLmin~!1.73m™? 0.001 (—0.013,0.015) 0.903
eGFR: 30-60 mLmin~! 1.73m2 —0.023 (—0.059, 0.012) 0.197
eGFR: <30mLmin~!1.73m™2 —0.019 (—0.109, 0.072) 0.685
NRS pain score on POD 2 (model 3)

eGFR: >90mLmin~'1.73m™2 0

eGFR: 60-90 mLmin~! 1.73m 2 0.006 (—0.010, 0.021) 0.482
eGFR: 30-60mLmin~!1.73m™2 0.027 (—0.012, 0.067) 0.180
eGFR: <30mLmin ' 1.73m2 —0.065 (—0.169, 0.039) 0.223
NRS pain score on POD 3 (model 4)

eGFR: >90mLmin~' 1.73m2 0

eGFR: 60-90 mLmin~! 1.73m 2 0.001 (—0.016, 0.018) 0.921
eGFR: 30-60mLmin~' 1.73m™2? 0.004 (—0.040, 0.048) 0.861
eGFR: <30mLmin ! 1.73m™2 —0.045 (—0.159, 0.069) 0.436
Acetaminophen (mg) use in POD 0-3 (model 5)

eGFR: >90 mLmin ! 1.73m2 0

eGFR: 60-90 mLmin~' 1.73m? —0.021 (—0.084, 0.041) 0.508
eGFR: 30-60mLmin~!1.73m™? —0.062 (—0.209, 0.084) 0.404
eGFR: <30mLmin~! 1.73m™2 0.122 (—0.158, 0.402) 0.392
Ketorolac use (mg) in POD 0-3 (model 6)

eGFR: >90mLmin ! 1.73m™2 0

eGFR: 60-90mLmin~!1.73m™2? —0.084 (—0.174, 0.005) 0.065
eGFR: 30-60 mLmin~! 1.73m 2 —0.338 (—0.596, —0.080) 0.010
eGFR: <30mLmin~!1.73m™2 —0.044 (—0.892, 0.804) 0.920

Table 4. Multivariate generalized linear regression for Numeric Rating Scale (NRS) pain scores at rest on
postoperative day (POD) 0-3 and adjuvant analgesic use after major laparoscopic abdominal surgery from
2010-2016. P-value*: Multivariate model for six dependent variables (NRS at rest on POD 0, 1, 2 and 3,
Acetaminophen and ketorolac use in POD 0-3). Covariates of P < 0.2 were in univariate generalized linear
regression analysis used in each multivariate generalized linear regression models. Goodness of fit, Pearson
Chi-Square test, value: 408.2, (value/df=0.071) in model 1, value: 336.4 (value/df =0.057) in model 2,

value: 425.1 (value/df =0.072) in model 3, value: 466.4 (value/df=0.086) in model 4, value: 482.0 (value/
df=0.351) in model 5, and value: 2620.1 (value/df = 1.420). Preoperative eGFR (mL min~! 1.73m~2):

186 X (Creatinine) ™11 x (Age) 2% x (0.742, if female) CI, Confidence Interval; eGFR, estimated Glomerular
Filtration Rate.

During the study period, experienced surgical teams at the SNUBH proficiently performed laparoscopic
resections of major intraperitoneal organs (liver, stomach, colon and rectum, pancreas). Most patients received
either balanced anaesthesia with desflurane and remifentanil or total intravenous anaesthesia (TIVA) with propo-
fol and remifentanil.

Analgesia during the first three days after major laparoscopic surgery. Most patients received IV
PCA during the first 2 PODs. Most commonly, the IV PCA contained 8 to 12 ug/mL of fentanyl in normal saline.
The background infusion rate (0.8-1.2 mL/h) and bolus dose (0.5-1.5mL) were adjusted based on the patients’
underlying disease and kidney function. In general, the background infusion rate and bolus dose were reduced
by 25% to 50% in patients with low baseline kidney function. After the IV PCA was discontinued, most patients
were prescribed an additional opioid analgesic (e.g., oxycodone, morphine, or fentanyl) based on the physician’s
judgment or patient request. Adjuvant analgesics, such as acetaminophen and ketorolac, were also used for post-
operative pain control. In general, surgeons at the SNUBH did not perform local anaesthetic infiltration of the
wound site during the study period.

Preoperative kidney function. A serum creatinine (mg dL~!) test is performed within one month
of surgery as part of the routine preoperative laboratory screening for all elective surgical procedures at the
SNUBH. We computed each patient’s preoperative eGFR using this baseline serum creatinine value and the
Modification of Diet in Renal Disease Formula®: eGFR (mL min~! 1.73m~2) = 186 x (preoperative serum creati-
nine) 11> x (age) 7% x (0.742 if female).
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Pain outcomes during the first three days after major laparoscopic surgery. Patients’ pain was
regularly assessed using the NRS (0-10; 0: no pain, 10: worst pain imaginable) at rest by registered nurses at 4- to
6-hour intervals and at least 5 times a day. The mean NRS pain scores at rest were computed for PODs 0, 1, 2, and
3. The total opioid consumption, including IV PCA and additional opioid analgesics used on PODs 0 to 3, were
computed using the oral morphine equivalent consumption and summed. A standard conversion ratio was used
for the conversion and calculation?® (Supplementary Table 1). Data were also collected on oral acetaminophen
and IV ketorolac consumption during the first three PODs.

Endpoints. The primary endpoint measured in this study was the morphine equivalent consumption during
POD 0-3 according to the preoperative kidney function status. The secondary endpoints measured in this study
were NRS pain scores and adjuvant analgesic consumption during the first three days after major laparoscopic
surgery according to the preoperative kidney function status. We classified the preoperative kidney function into
four categories (e€GFR > 90, 60-90, 30-60, <30 mLmin~! 1.73m™2).

Statistical analysis. Patients’ baseline characteristics are presented as number and percentage or mean
value and SD. We examined the normality of distribution in dependent variables, such as morphine equivalent
consumption, NRS at rest on POD 0-3, acetaminophen consumption, and ketorolac consumption, using the
Kolmogorov-Smirnov test. After confirming that these variables did not follow a normal distribution, we decided
to perform generalized linear regression analysis. First, we investigated variables associated with morphine equiv-
alent consumption on PODs 0 to 3 using univariate generalized linear regression analysis. In this generalized
linear regression model, a gamma distribution was assumed for the dependent variable (morphine equivalent
consumption), and the log link function was used. The variables with P < 0.2 in the univariate generalized linear
regression model were selected and included in the multivariate generalized linear regression analysis along with
the preoperative eGFR groups (eGFR > 90, 60-90, 30-60, <30 mL min~! 1.73m™?2). For secondary endpoints,
we also performed the same multivariate generalized linear regression analysis with six postoperative outcomes
(NRS pain score at rest on PODs 0 to 3 and use of acetaminophen and/or ketorolac on PODs 0 to 3) as the
dependent variables. Results are presented as exp. regression coefficient and 95% CI, and there was no significant
multi-collinearity between variables in any of the multivariate generalized linear regression models (all variance
inflation factors <2.5). Additionally, Pearson chi-square statistics were used to test goodness of fit of multivariable
models. All statistical analyses were performed using SPSS software (version 24.0; IBM Corp, Chicago, IL), and
statistical significance was set at P < 0.05. Considering that the mean (SD) morphine equivalent consumption
during POD 0-3 was 516.6 (303.3) mg in this study, 143 patients were required in each group to detect 100 mg of
difference in the morphine equivalent consumption during POD 0-3 between patients with normal kidney func-
tion (eGFR >90mLmin~! 1.73m™2) and those with CKD (eGFR < 90 mLmin~' 1.73 m~2) with a 0.05 chance of
type 1 error and 80% power.

Data Availability
The datasets used and/or analysed during the current study are available from the corresponding author upon
reasonable request.

References

1. Apfelbaum, J. L., Chen, C., Mehta, S. S. & Gan, T. J. Postoperative pain experience: results from a national survey suggest
postoperative pain continues to be undermanaged. Anesth Analg 97, 534-540, table of contents (2003).

2. Carr, D. B. & Goudas, L. C. Acute pain. Lancet 353, 2051-2058, https://doi.org/10.1016/S0140-6736(99)03313-9 (1999).

3. Walder, B., Schafer, M., Henzi, I. & Tramer, M. R. Efficacy and safety of patient-controlled opioid analgesia for acute postoperative
pain. A quantitative systematic review. Acta Anaesthesiol Scand 45, 795-804 (2001).

4. Scully, R. E. et al. Defining Optimal Length of Opioid Pain Medication Prescription After Common Surgical Procedures. JAMA Surg

153, 37-43, https://doi.org/10.1001/jamasurg.2017.3132 (2018).

. Benyamin, R. et al. Opioid complications and side effects. Pain Physician 11, $105-120 (2008).

6. Webster, A. C., Nagler, E. V., Morton, R. L. & Masson, P. Chronic Kidney Disease. Lancet 389, 1238-1252, https://doi.org/10.1016/
S0140-6736(16)32064-5 (2017).

7. Jha, V. et al. Chronic kidney disease: global dimension and perspectives. Lancet 382, 260-272, https://doi.org/10.1016/S0140-
6736(13)60687-X (2013).

8. Davies, G., Kingswood, C. & Street, M. Pharmacokinetics of opioids in renal dysfunction. Clin Pharmacokinet 31, 410-422, https://
doi.org/10.2165/00003088-199631060-00002 (1996).

9. King, S., Forbes, K., Hanks, G. W,, Ferro, C. J. & Chambers, E. J. A systematic review of the use of opioid medication for those with
moderate to severe cancer pain and renal impairment: a European Palliative Care Research Collaborative opioid guidelines project.
Palliat Med 25, 525-552, https://doi.org/10.1177/0269216311406313 (2011).

10. Mallappallil, M., Sabu, J., Friedman, E. A. & Salifu, M. What Do We Know about Opioids and the Kidney? International journal of
molecular sciences 18, 223 (2017).

11. Nayak-Rao, S. Achieving effective pain relief in patients with chronic kidney disease: a review of analgesics in renal failure. ] Nephrol
24,35-40 (2011).

12. Binhas, M., Egbeola-Martial, J., Kluger, M. D., Roudot-Thoraval, E. & Grimbert, P. Opioids and nonopioids for postoperative pain
control in patients with chronic kidney disease. ] Opioid Manag 13, 17-25, https://doi.org/10.5055/jom.2017.0364 (2017).

13. Labroo, R. B., Paine, M. E,, Thummel, K. E. & Kharasch, E. D. Fentanyl metabolism by human hepatic and intestinal cytochrome
P450 3A4: implications for interindividual variability in disposition, efficacy, and drug interactions. Drug Metab Dispos 25,
1072-1080 (1997).

14. Grass, J. A. Patient-controlled analgesia. Anesth Analg 101, S44-61 (2005).

15. Pham, P. C. et al. Pain management in patients with chronic kidney disease. NDT Plus 2, 111-118, https://doi.org/10.1093/ndtplus/
sfp001 (2009).

16. Pham, P. C. et al. 2017 update on pain management in patients with chronic kidney disease. Clin Kidney ] 10, 688-697, https://doi.
org/10.1093/ckj/sfx080 (2017).

w

SCIENTIFIC REPORTS |

(2019) 9:3939 | https://doi.org/10.1038/s41598-019-40627-1 7


https://doi.org/10.1038/s41598-019-40627-1
https://doi.org/10.1016/S0140-6736(99)03313-9
https://doi.org/10.1001/jamasurg.2017.3132
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.2165/00003088-199631060-00002
https://doi.org/10.2165/00003088-199631060-00002
https://doi.org/10.1177/0269216311406313
https://doi.org/10.5055/jom.2017.0364
https://doi.org/10.1093/ndtplus/sfp001
https://doi.org/10.1093/ndtplus/sfp001
https://doi.org/10.1093/ckj/sfx080
https://doi.org/10.1093/ckj/sfx080

www.nature.com/scientificreports/

17. Ryu, J. H. et al. Prospective, randomized and controlled trial on magnesium sulfate administration during laparoscopic gastrectomy:
effects on surgical space conditions and recovery profiles. Surg Endosc 30, 4976-4984, https://doi.org/10.1007/s00464-016-4842-9
(2016).

18. Koo, B. W. et al. Surgical site infection after colorectal surgery according to the main anesthetic agent: a retrospective comparison
between volatile anesthetics and propofol. Korean ] Anesthesiol 69, 332-340, https://doi.org/10.4097/kjae.2016.69.4.332 (2016).

19. Yarmush, J. et al. A comparison of remifentanil and morphine sulfate for acute postoperative analgesia after total intravenous
anesthesia with remifentanil and propofol. Anesthesiology 87, 235-243 (1997).

20. Cheng, S. S., Yeh, J. & Flood, P. Anesthesia matters: patients anesthetized with propofol have less postoperative pain than those
anesthetized with isoflurane. Anesth Analg 106, 264-269, table of contents, https://doi.org/10.1213/01.ane.0000287653.77372.d9
(2008).

21. Shin, H. J. et al. Magnesium sulphate attenuates acute postoperative pain and increased pain intensity after surgical injury in staged
bilateral total knee arthroplasty: a randomized, double-blinded, placebo-controlled trial. Br ] Anaesth 117, 497-503, https://doi.
org/10.1093/bja/aew227 (2016).

22. Grodofsky, S. R. & Sinha, A. C. The association of gender and body mass index with postoperative pain scores when undergoing
ankle fracture surgery. ] Anaesthesiol Clin Pharmacol 30, 248-252, https://doi.org/10.4103/0970-9185.130041 (2014).

23. Hartwig, M., Allvin, R., Backstrom, R. & Stenberg, E. Factors Associated with Increased Experience of Postoperative Pain after
Laparoscopic Gastric Bypass Surgery. Obes Surg 27, 1854-1858, https://doi.org/10.1007/s11695-017-2570-4 (2017).

24. Asakuma, M. et al. Impact of single-port cholecystectomy on postoperative pain. Br J Surg 98, 991-995, https://doi.org/10.1002/
bjs.7486 (2011).

25. Levey, A. S. et al. Expressing the Modification of Diet in Renal Disease Study equation for estimating glomerular filtration rate with
standardized serum creatinine values. Clin Chem 53, 766-772, https://doi.org/10.1373/clinchem.2006.077180 (2007).

26. Mercadante, S. & Caraceni, A. Conversion ratios for opioid switching in the treatment of cancer pain: a systematic review. Palliat
Med 25, 504-515, https://doi.org/10.1177/0269216311406577 (2011).

Acknowledgements
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

Author Contributions
H.R.C.and TK.O. designed the study, analysed the data, and drafted the manuscript; ] H.K. and Y.T.]. contributed
to acquisition of the data. All authors approved the final version of the manuscript for submission.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-40627-1.

Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

T ] icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2079) 9:3939 | https://doi.org/10.1038/s41598-019-40627-1 8


https://doi.org/10.1038/s41598-019-40627-1
https://doi.org/10.1007/s00464-016-4842-9
https://doi.org/10.4097/kjae.2016.69.4.332
https://doi.org/10.1213/01.ane.0000287653.77372.d9
https://doi.org/10.1093/bja/aew227
https://doi.org/10.1093/bja/aew227
https://doi.org/10.4103/0970-9185.130041
https://doi.org/10.1007/s11695-017-2570-4
https://doi.org/10.1002/bjs.7486
https://doi.org/10.1002/bjs.7486
https://doi.org/10.1373/clinchem.2006.077180
https://doi.org/10.1177/0269216311406577
https://doi.org/10.1038/s41598-019-40627-1
http://creativecommons.org/licenses/by/4.0/

	Analgesia after major laparoscopic surgery in patients with chronic kidney disease: A retrospective cohort study

	Results

	Morphine equivalent consumption during the first three PODs. 
	Pain scores and adjuvant analgesic consumption during the first three PODs. 

	Discussion

	Methods

	Patients. 
	Analgesia during the first three days after major laparoscopic surgery. 
	Preoperative kidney function. 
	Pain outcomes during the first three days after major laparoscopic surgery. 
	Endpoints. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Patient selection flowchart.
	Table 1 Characteristics of patients who underwent major laparoscopic abdominal surgery from 2010–2016.
	Table 2 Univariate generalized linear regression analysis for morphine equivalent (mg) consumption on postoperative day 0–3 after major laparoscopic abdominal surgery from 2010–2016.
	Table 3 Multivariate generalized linear regression analysis for morphine equivalent (mg) consumption on postoperative day 0–3 after major laparoscopic abdominal surgery from 2010–2016.
	Table 4 Multivariate generalized linear regression for Numeric Rating Scale (NRS) pain scores at rest on postoperative day (POD) 0–3 and adjuvant analgesic use after major laparoscopic abdominal surgery from 2010–2016.




