brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by Open Access Macedonian Journal of Medical Sciences

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2020 Oct 21; 8(B):1000-1004.

https://doi.org/10.3889/0amjms.2020.5300
elSSN: 1857-9655

Category: B - Clinical Sciences

Section: Surgery

japausia c,
B ‘,\{7\/70
g;;\oﬂ

s
)é’)%
&
S

s
O C/

Foungaton™

OPEN a ACCESS

Pre-operative Neutrophil-to-Lymphocyte Ratio is Associated with
Post-operative Opioid Requirements and Length of Stay after

Thoracotomy

| Wayan Suranadi, Tjokorda Gde Agung Senapathi, Ayu Dilia Febriani Wisnawa, Christopher Ryalino*

Department of Anesthesiology and Intensive Care, Faculty of Medicine, Udayana University, Bali, Indonesia

Edited by: Ksenija Bogoeva-Kostovska

Citation: Suranadi IW, Senapathi TGA, Wisnawa ADF,
Ryalino C. Pre-operative Neutrophil-to-Lymphocyte Ratio
is Associated with Post-operative Opioid Requirements
and Length of Stay after Thoracotomy. Open Access
Maced J Med Sci. 2020 Oct 21; 8(B):1000-1004.
https://doi.org/10.3889/0amjms.2020. 5300

Keywords: Neutrophil-to-lymphocyte ratio; Analgesics;
Length of stay; Thoracotomy

*Correspondence: Christopher Ryalino, Department

of Anesthesiology and Intensive Care, Faculty of
Medicine, Udayana University, Sanglah General Hospital,
JI. Kesehatan 1, Denpasar 80114, Bali, Indonesia.
E-mail: ryalino@unud.ac.id

Received: 23-Jul-2020

Revised: 04-Oct-2020

Accepted: 11-Oct-2020

Copyright: © 2020 |. Wayan Suranadi,

Tjokorda Gde Agung Senapathi,

Ayu Dilia Febriani Wisnawa, Christopher Ryalino
Funding: This research did not receive any financial
support

Competing Interests: The authors have declared that no
competing interests exist

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

The need for surgery and anesthesia services
is expected to continue to increase over the following
decade to reduce the risk of death and disability [1].
Surgery has become an essential part of health-
care service, with an estimated 234 million surgical
procedures performed each year and the number
increasing annually [2]. The potential harm as a result
of invasive procedures of surgery includes pain after
surgery. Further, inadequate acute pain management
may lead to significantly worsened morbidity and
may contribute to the development of chronic post-
operative pain syndrome that could ultimately result in
mortality [3]. It has been estimated that post-operative
pain syndrome affects 50% of patients following
surgery [4]. Appropriate pain control leads to increased
patient comfort, earlier mobilization time, decreased
pulmonary and cardiac complication, faster recovery
period, without disturbing complication, reduce the time
of hospitalization, and therefore cost of care [4], [5].

Pain has been a concerning and focused
research topic in thoracic surgery. The pain experienced

Abstract

BACKGROUND: Surgical pain and prolonged hospital length of stay (LOS) affect a large proportion of patients after
thoracotomy. Inflammation plays a crucial role in the mechanism and progression of pain and the outcomes.

AIM: The objective of this study was to investigate the association between the pre-operative neutrophil-to-
lymphocyte ratio (NLR) and post-operative pain and LOS in patients undergoing thoracotomy.

METHODS: This was a retrospective, observational study on 157 patients who underwent thoracotomy under
general anesthesia. We classified the subjects into two study groups: Group with for patients with NLR <2 and Group
2 for NLR 22. We measured the post-operative pain by gathering the data of post-operative opioid needs. We used
Pearson’s and Spearman’s correlation tests to assess the association of the parameters.

RESULTS: The mean of total oral morphine equivalent in the first 48 h following thoracotomy in Group 1 was 140.8 +
60.4 mg compared to Group 2’s 109.7 + 55.8 (p < 0.05). The median hospital’s LOS was longer in Group 2 compared
to Group 1 (7 vs. 10, p < 0.001). We found a weak positive correlation between pre-operative NLR (R = 0.267,
p = 0.002) and post-operative opioid requirements, and a weak positive correlation between pre-operative NLR and
the hospital’'s LOS (R = 0.345, p < 0.001).

CONCLUSION: Pre-operative NLR correlates with post-operative opioid requirements and the time hospital's LOS
in patients who underwent elective thoracotomy.

in thoracotomy represents one of the most severe of all
surgical procedures and considered to be severe as a
consequence of tissue damage related to surgery that
alters chest wall mechanics [6]. Inflammation stimulated
by surgical injury, which includes incision, manipulation
of ligaments and muscles, retractions of the ribs with
compression, stretching of the intercostal nerves,
possible rib fractures, and pleural irritation plays a key
role in the mechanism, development, and progression
to the severity of the post-operative pain and also
prolonged hospital length of stay (LOS) [4]. Despite
many strategies has been investigated, post-operative
pain remains a significant problem, unresolved health-
care problem and continues to present a problem
to clinicians. Therefore, well-planned pain control,
including providing effective pain relief with appropriate
and adequate analgesic regimen has been essential in
decreasing morbidity after thoracotomy and improved
surgical outcome [7], [8].

Determining predictive factors of surgical
pain may help clinicians to allow adequate pain relief,
including prescribes well-targeted analgesia and
according to the patient’s need. Recent studies revealed
that the usage of appropriate pain control could improve
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better clinical outcomes, including pain management
and hospital LOS [9]. Despite numerous studies of
pain related to surgery have been done, less attention
has been paid on the influence and association of pre-
operative immune system status to pain after surgery,
especially in thoracotomy surgery.

To evaluate the immune system status of the
patients, we used the neutrophil-to-lymphocyte ratio
(NLR) that has been known as one of the most sensitive
markers for diagnosis, treatment, and prognosis
in a broad spectrum from many clinical conditions,
including stratifying patients in term of inflammation
status [10], [11]. In this study, we aimed to investigate
and evaluate the relationship between pre-operative
NLR and pain in thoracotomy.

Materials and Methods

We retrospectively identified medical and
anesthesia medical records of 157 patients who
underwent several different types of procedural
approaches of thoracotomy under general anesthesia
in our hospital between January 2017 and July 2019.
We included patients aged =18 years old with American
Society of Anesthesiologists (ASA) physical status
class I-lll who underwent thoracotomy under general
anesthesia during the timeframe. Exclusion criteria
include incomplete medical records (i.e., missing pre-
operative neutrophil and lymphocyte data) and patients
with malignancy. The study has been approved by the
Committee of Ethical Research of Udayana University.

The demographic and clinical characteristics
were recorded, including age, sex, body mass index
(BMI), duration of surgery, pre-operative vital signs,
and ASA physical status. The analgesics regiments
used during the perioperative period and the LOS were
collected. We also collected the data for pre-operative
NLR and white blood cells count. In the course of this
study, laboratory results dated from a month or less
before the day of surgery were considered valid for
reporting. NLR was calculated as absolute neutrophil
count divided by absolute lymphocyte count.

Post-operative pain was assessed by total
morphine consumption in the first 48 h after the surgery.
For better comparison, cumulative opioid consumption
at the first 48 h period was converted to their respective
oral morphine equivalent daily dose (OMEDD) as per
Australian and New Zealand College of Anaesthetists,
as shown in Table 1 [12]. For the purpose of this study,
patients with pre-operative NLR =2 were classified
as “high” and therefore carried inflammatory status.
Patients with NLR <2 were classified as low NLR.

The characteristics of the subjects were
presented either in proportional value, meantstandard

Table 1: Oral morphine equivalent conversion factor

Current opioid Conversion factor

Oral (Swallowed) preparations

Morphine mg/day 1
Oxycodone mg/day 1.5
Hydromorphone mg/day 5
Codeine mg/day 0.13
Tramadol mg/day 0.2
Transdermal preparations
Fentanyl mcg/h 3
Parenteral preparations
Morphine mg/day 3
Oxycodone mg/day 3
Hydromorphone mg/day 15
Codeine mg/day 0.25
Pethidine mg/day 0.4
Fentanyl mcg/day 0.2
Sufentanil mcg/day 2

deviation, or median with interquartile range. Normally
distributed data were analyzed using the Kolmogorov-
Smirnov test. Categorical data were compared by Chi-
square (x°) test or Fisher's exact test. Independent
t-test or Mann—Whitney U-test were used to determine
the difference between variables. Parametric values
were evaluated with the independent t-test, whereas
non-parametric values were evaluated with the Mann—
Whitney U test. Spearman’s correlation was used to
determine the correlation between variables when
the data were not normally distributed, and Pearson’s
correlation was performed otherwise. All statistical
analyses were performed using the Statistical Package
for the Social Sciences (SPSS) software for windows
version 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp.). p < 0.05 was considered statistically significant.

Results

During the study period, medical records of
137 patients (82 males and 55 females) met the study
(Table 2). The mean age of the patients was 46.3
years. There were no significant differences between
age, weight, BMI, pre-operative blood pressure, pre-
operative respiratory rate, and premedication used
between the high-NLR and low-NRL groups. The

Table 2: Baseline data and study parameters

Parameters Group 1 (n=68) Group 2 (n=69) p-value
NLR <2 NLR 22
Age (years), mean+SD 459+ 139 46.6 £ 13.6 0.776°
Sex (n, %)
Male 32 (47.1) 50 (72.5) 0.002°
Female 36 (52.9) 19 (27.5)
Duration of surgery (h), median (IQR) 2.3 (0.7) 2.4(0.7) 0.195°
Bodyweight (mean+SD), kg 58.7+10.5 61.3+12 0.1717
BMI (mean * SD), kg/m’ 225+39 227+39 0.665"
ASA physical status (n, %)
| 5(7.4) 1(1.4) 0.011*
Il 34 (5) 2 (22)
n 29 (42.6) 46 (66.7)
Total oral morphine equivalent 109.7 +55.8 140.8 + 60.4 0.002*
required in the first 48 h after the
surgery (mg), mean + SD
LOS (days), median (IQR) 7 (4) 10 (5.5) <0.001”

BMI: Body mass index; ASA: American Society of Anesthesiologist; SD: Standard deviation; IQR:
Interquartile-range; “Independent t-test; bMann—Whitney U test; “Chi-square; “Fisher’s exact test. LOS:
Length of stay, NLR: Neutrophil-to-lymphocyte ratio.

Open Access Maced J Med Sci. 2020 Oct 21; 8(B):1000-1004.

1001



B - Clinical Sciences

Surgery

number of patients treated postoperatively with opioid
in the high-NLR group was 51 (75%) compared to
60 patients (87%) in the low-NLR group.

The mean of total oral morphine equivalent
in the first 48 h following thoracotomy in Group 2 was
significantly higher than in Group 1 (140.8 + 60.4 vs.
109.7 + 55.8, p < 0.05). Median hospital LOS of the
patients was longer in Group 2 compared to Group
1 (7 vs. 10, p < 0.001). We performed Pearson’s
correlation test between pre-operative NLR and post-
operative opioid dose requirements. The result found
a weak positive correlation between pre-operative
NLR (R = 0.267, p = 0.002). And then, we performed
Spearman’s correlation test between pre-operative
NLR and the LOS. The result found a weak positive
correlation between pre-operative NLR and the
hospital's LOS (R = 0.345, p < 0.001), as seen in
Table 3.

Table 3: Correlation between NLR with total opioid
consumption and LOS

Correlation to NLR p

r
Total opioid consumption in the first 48 h after the surgery 0.267

0.002°
LOS at the hospital 0.345 <0.001°
®Pearson’s correlation; "Spearman’s correlation. NLR: Neutrophil-lymphocyte ratio, LOS: Length of stay.
Discussion

We investigated the potential association
between pre-operative NLR with post-operative painand
hospital LOS in patients who underwent thoracotomy
in a single-center tertiary teaching hospital. To the best
of our knowledge, this is the first study of its kind in
patients who underwent a thoracotomy procedure.

The primary goal in the management of post-
operative pain is providing adequate analgesia while
still minimizing the dose of medication to lessen side
effects to the patients. Our study found that opioid
demand was higher in patients with a high NLR level
than patients with low NLR levels at pre-operative [13].
Opioid are potent analgesics that have potential adverse
effects and have been to be an effective way to improve
pain management and quality of life. Moreover, this
study found that the mean intraoperative opioid dose
in patients with a high level of NLR was higher than in
patients with a lower level of NLR. Our findings are in
line with the previous study that patients who receive
a high rather than a low intraoperative systemic opioid
dose experienced more significant post-operative
pain, despite an increased post-operative opioid
consumption [14], [15], [16].

Our obtained results showed that higher pre-
operative inflammatory status which was evaluated
by NLR of patients resulted in higher pain perception
which was evaluated by analgesic demand and
type of analgesic used in the first incision to 48 h

following surgery, as a mean of total OMEDD in 48 h
of thoracotomy was significantly higher in the Group
2 compared to Group 1. Our results also indicate that
high NLR correlates with increased LOS. This result
reveals that higher pre-operative inflammatory status
of patients will increase analgesic consumption with
higher potency of analgesic. Furthermore, a higher
pre-operative inflammatory status will increase the
LOS. In other words, patients with high pre-operative
inflammatory status showed more analgesic demand
that indicated a higher perception of pain level, and it
had increased their LOS in the hospital. Patients with
higher pre-operative NLR levels will have a higher
analgesic requirement, especially for opioid usage. A
previous study found that patients who chronically had
opioid analgesics daily led to opioid-tolerant conditions
that likely had higher health resource utilizer, and they
had higher than expected time of hospitalization [17].

Major interest was directed toward the role
of neutrophil and lymphocyte, which were formulated
as NLR is an inflammation indicator. The recent study
shows that NLR is a marker of subclinical inflammation
and integrates detrimental effects of neutrophilia
(an indicator of inflammation) and lymphopenia (an
indicator physiological stress) and has emerged as a
useful inflammatory marker or in combination with other
biomarkers to determine and stratify patients in terms
of inflammation [18], [19]. In general, a higher NLR
is positively related to high mortality, poor prognosis,
inflammatory status, and its consequences. It is
well-known that NLR is a potential biological marker
of inflammation in several diseases and can be a
useful predictive tool for post-operative pain resulted
from inflammatory pathways secondary to surgical
trauma [20], [21], [22]. NLR is an easily calculated and
inexpensive marker in daily clinical practice. NLR is
derived from a routine complete blood count in the pre-
operative period without additional cost.

There is no established definite cutoff value
for NLR in literature. Previous studies found an optimal
cutoff ratio as an indicator of an inflammatory status
ranges from 2 to 4 [23], [24], [25], [26]. In our study,
we also used a cutoff point of NLR 22, significantly
associated with an inflammatory condition that is in line
with prior results.

Turgut et al. [22] retrospectively evaluated the
predictive role of pre-operative NLR and post-operative
pain in 140 patients who underwent orthognathic
surgery. They reported that the analgesic demand with
NLR =2 correlates with increased post-operative pain,
which is consistent with the results of our study. Oner
et al. [27] retrospectively evaluated pre-operative NLR
and post-operative pain in 63 patients who underwent
arthroscopic rotator cuff repair. The study summarized
that pre-operative NLR was the most substantial factor
predicting high acute pain levels.

Onthe other hand, Daoudia et al. [28] evaluated
the predictive value of pain-related attitudes and the

1002

https://www.id-press.eu/mjms/index



Suranadi et al. Preoperative NLR Correlates with Postoperative Opioid Requirement

status of the immune system for the post-operative
analgesic requirement in their study on 60 patients who
underwent laparoscopic cholecystectomy under general
anesthesia. They determined the association between
NLR and total analgesic requirements during the first 48
h as the primary endpoint. They concluded that lower
NLR correlates with higher analgesic requirements. Our
study found, however, a positive association between
higher NLR and pain-related surgery. The differences
in methods used for evaluating analgesic requirements
and population studied may lead to the contrary results
between the two studies.

Our study found that pre-operative NLR
was correlated with higher post-operative opioid
requirements and increased LOS, but it was not
designed to rule out the specific mechanism involved.
In the state of inflammation, cytokines production may
directly influence the NLR, in which inflammation is a
base mechanism for transduction and transmission
of pain stimuli [25]. Patients with higher NLR with
enhanced pre-operative systemic inflammation maybe
probably more exposed to the non-resolution of pain
due to this altered inflammatory balance, as well as
reflect an altered inflammatory balance within the
central nervous system, in which inflammatory signaling
is a major mechanism of hyperalgesia [29], [30].
Furthermore, pre-operative stratification to the patients
according to basal inflammation might be useful to
predict analgesics’ effectiveness to prevent post-
operative complications.

We can hypothesize that the patients with
a pre-operative high inflammatory status could have
more analgesic requirements and also more hospital
LOS, but this remains speculative and should be tested
in further studies. There are some limitations to our
study. It has a relatively small sample size, and it is an
observational and retrospective study. Furthermore,
the post-operative pain was assessed solely by opioid
requirements and not the pain score.

Conclusion

Pre-operative NLR correlates with post-
operative opioid requirements and the time hospital’s
LOS in patients who underwent elective thoracotomy.
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