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SUMMARY - Tramadol is a commonly used analgesic in intensive care units (ICUs) for acute
postoperative pain. Conversion of tramadol into active metabolites may be impaired in inflammatory
states. Catechol-O-methyltransferase may influence pain. The aim of the study was to examine differ-
ences in the analgesic effect of tramadol between ICU patients with and without signs of systemic
inflammation. Forty-three patients were admitted to ICU after a major abdominal surgery. The pa-
tients received a dose of 100 mg of tramadol intravenously every 6 hours during the first 24 hours
after surgical procedure. Pain scores were measured by the Numeric Rating Scale before and 30
minutes after tramadol administration in awake patients. Systemic inflammation was considered
when at least two of the following postoperative parameters were present in the first 24 hours of ICU
admission: fever or hypothermia, tachycardia, pCO, <4.3 kPa, white blood cells >12000/mm?* or
<4000/mm?, or preoperative value of C-reactive protein (CRP) >50 mg/L or/and procalcitonin (PCT)
>0.5 mg/L. Catechol-O-methyltransferase was analyzed postoperatively. Fifteen (34.8%) patients
met the criteria for systemic inflammation. Tramadol was proven to be an effective analgesic for the
treatment of postoperative pain regardless of the presence of systemic inflammation (p<0.05). Lower
perception of pain before tramadol application was observed in patients with systemic inflammation,
but the difference was not significant. A negative correlation was observed between the preoperative
values of CRP and PCT and the analgesic effect of tramadol assessed at the second measurement
point (r=-0.358, p=0.03, and r=-0.364, p=0.02, respectively). Catechol-O-methyltransferase variants
were not in correlation with pain and opioid consumption. Based on our findings, tramadol is effective
in lowering pain scores after major abdominal surgery irrespective of the presence of systemic inflam-
mation.
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Tramadol is an opioid analgesic commonly used in
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spiratory depression and constipation compared to
other opioids. In addition to its effects on p-opioid
receptors, unlike other opioids, it also acts by neuro-
modulations of pain on the descending inhibitory
pathway inhibiting the reuptake of serotonin and nor-
adrenaline'?. Cytochrome P450 metabolizes tramadol
into 11 demethylated metabolites of which the most
important are O-demethyltramadol (M1) and N-de-
methyltramadol (M2). The analgesic effect of tramadol
is primarily determined by the concentration of M1
metabolite, the synthesis of which depends on the
CYP2D6 isoenzyme of cytochrome P450". In rela-
tion to CYP2D6 polymorphism, there are poor, inter-
mediate, extensive, and ultra-fast metabolizers. Most
of the population are extensive metabolizers (70%-
80%), whereas poor, intermediate and ultrafast me-
tabolizers account for approximately 5%-10%, 3%-5%
and 10%-17%, respectively*. N-demethylation, cata-
lyzed by the CYP3A4 and CYP2B6 isoenzymes, re-
sults in inactive N-demethyltramadol (M2)*¢. CY-
P2D6 is a non-inducible enzyme but numerous physi-
ologic and pathologic processes affect its activity. In-
fections and inflammation generally reduce the liver
capacity to metabolize drugs’.

Surgical trauma causes somatic and visceral pain
leading to changes in the endocrine and metabolic sys-
tems®. Tissue trauma, length of procedure, anesthesia,
preoperative fasting, emergency surgery, and many
other factors contribute to the development of system-
#19 and in such a pathophysiological
environment it is difficult to predict the analgesic ef-
tect of tramadol. Systemic inflammatory response syn-
drome (SIRS) is common after major surgeries in pa-
tients admitted to ICUs. SIRS criteria were met at
least once in more than 40% of patients during their
ward hospitalization, and as many as 35% of acutely
hospitalized medical patients had SIRS on hospital
admission'"2. Proinflammatory cytokines (i.e. inter-
leukin 6 (IL-6)) decrease CYP3A4 and CYP2D6 ac-
tivity"'*and might affect the analgesic effect of trama-
dol. Moreover, the proinflammatory cytokines activate
nitric oxide synthase (NOS), resulting in the release of
nitric oxide (NO) and dimethylarginines®. These me-
tabolites contribute to oxidative stress and thrombo-
inflammation'. NO has the potential to inhibit CY-
P2D6 gene transcription'”. IL-6 decreases both CY-
P3A4 and CYP2D6 expression. IL-6 concentration

correlates well with serum concentration of C-reactive

ic inflammation
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protein (CRP) and procalcitonin (PCT) as common
inflammatory markers®. In addition to the aforemen-
tioned enzymes, catecholamine-O-methyltransferase
(COMT) variants may be associated with pain per-
ception and postoperative opioid consumption. GG
(Val/Val) genotype has high enzymatic activity, GA
(Val/Met) genotype has moderate enzymatic activity,
and AA (Met/Met) genotype produces defective en-
zymes. The carriers of COMT AA genotype had the
lowest opioid consumption compared to GG and GA
patients™.

The objective of this study was to compare analge-
sic effect of tramadol in patients admitted to ICU after
major abdominal surgery with and without periopera-
tive signs of systemic inflammation. We hypothesized
that patients who developed systemic inflammation
would have reduced analgesic effects of tramadol dur-
ing the first 24 hours after admission to ICU.

Patients and Methods

'This prospective observational study of the postop-
erative pain treatment in patients admitted to ICU
after major abdominal surgery (trial registration num-
ber NCT04330157) was approved by the Ethics Com-
mittee of the Osijek University Hospital Centre
(2158-61-07-19-02). All patients included in the
study signed the informed consent form.

Patients undergoing laparotomy for major abdomi-
nal surgeries with organ resections were eligible for the
study, irrespective of whether they had an emergency
or elective surgery. Patients with known allergies to
tramadol or altered mental status who were unable to
understand study protocol and pain assessment scores,
those younger than 18 and older than 90 years, and
patients undergoing laparoscopic surgery were not in-
cluded. Between January 2019 and January 2020, a to-
tal of 50 patients were enrolled, but only 43 patients
met all the criteria for analysis, as shown in Figure 1.

Blood samples were collected before surgery for
analysis of white blood cell count (WBC), serum albu-
min, creatinine, CRP, PCT, lactate level, and arterial
blood gases. Systemic inflammation was considered
when at least two of the following major criteria were
met in the postoperative period: temperature >38 °C
or <36 °C, heart rate >90 beats/minute, pCO, in arte-
rial blood <4.3 kPa, and WBC >12,000/mm?® or
<4,000/mm?®. Preoperative CRP >50 mg/L and/or
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Signed informed consent
N=50

Technical error in pain assessment (n=2)
Not extubated within 24 h postoperatively (n=3)
Incomplete intraoperative data (n=2)

y

Included in study
N=43

Fig. 1. Flow diagram of patient inclusion.

PCT >0.5 mg/L were also considered as systemic in-
flammation independently of the previous criteria®. If
patients had borderline levels of inflammatory markers
and without meeting major criteria, then lactate levels
above 2 mmol/L in the first 24 hours were considered
as a sign of systemic inflammation?'.

Intraoperative procedures

General anesthesia was induced with propofol and
rocuronium, whereas etomidate and succinylcholine
were used as induction anesthetics during the emer-
gency procedure and in hemodynamically unstable pa-
tients. Balanced anesthesia was maintained with sevo-
flurane with a mixture of oxygen/air, rocuronium, and
additional doses of fentanyl or sufentanil, depending
on the intraoperative blood pressure, heart rate, hemo-
dynamic stability, type and length of the procedure.
Heart rate, 3-channel electrocardiography, invasive
intra-arterial pressure, temperature, and diuresis were
monitored intraoperatively. Hypotensive patients (<70
mm Hg) received a bolus or continuous infusion of
norepinephrine. A bolus dose of morphine was given
30 minutes before the completion of surgery. Sedatives
were not administered. All intraoperative administra-
tions of opioids were recorded and analyzed. After the
procedure, patients were admitted to ICU and their
vital parameters were monitored, as well as mechanical
ventilation until extubation.

Postoperative analgesia and pain assessment

All patients received 100 mg of tramadol intrave-
nously (i.v.) during the first hour of ICU admission
and thereafter at 6-hour intervals. Paracetamol 1 g was

270

administered every 6 hours as a supplemental analge-
sic, between tramadol injections. Pain was assessed in
awake, extubated patients by verbal Numeric Rating
Scale (NRS)*. Pain was assessed at the following time
points: 1) immediately after ICU admission: 2) after 6
hours; 3) after 12 hours; 4) after 18 hours; and 5) after
24 hours, both before tramadol administration (time
point A) and 30 minutes after its administration (time
point B), i.e. NRS2-B is the numeric rating score 30
minutes after the second dose of tramadol. Analgesia
was considered adequate if NRS was <3. Additional
morphine i.v. bolus (2 mg) was administered if analge-
sia was assessed as inadequate and/or on patient re-
quest. Total morphine consumption was recorded.

COMT rs4680 genotyping

Genomic DNA was extracted from 200 mL of
EDTA anticoagulated whole blood samples using the
High Pure PCR Template Preparation Kit (Roche Di-
agnostics, Mannheim, Germany), following the in-
structions of the manufacturer. The COMT rs4680
polymorphism was genotyped using the LightSNiP
Kit (TIB Molbiol, Berlin, Germany) and FastStart
DNA Master HybProbe (Roche Diagnostics, Mann-
heim, Germany). Amplification by real-time PCR and
subsequent analysis of melting curve were performed
on the LightCycler 480 II (Roche Diagnostics, Mann-
heim, Germany), according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed using MedCalc
Statistical Software package version 19.1.7 (MedCalc
Software Ltd., Ostend, Belgium) and IBM SPSS
(SPSS Statistics for Windows, Version 17.0. SPSS
Inc., Chicago, USA). Categorical data were expressed
as absolute and relative frequencies. Numerical data
were described with median and limits of the inter-
quartile range. The normality of distribution of numer-
ical variables was tested by Shapiro-Wilk test. Difter-
ences between two independent groups were tested
with Mann-Whitney U test and between two depen-
dent groups with Wilcoxon test. Independent sample
Kruskal-Wallis test was used for comparison of three
groups. The Spearman’s rho test was used to determine
associations between non-normally distributed vari-
ables. All p values were calculated two-sided and the
level of significance was set at 0=0.05.

Acta Clin Croat, Vol. 60, No. 2, 2021



N. Neskovi¢ et al.

Systemic inflammation and tramadol analgesia

Table 1. Demographic characteristics of study patients and
type of surgical procedure

Sex (male/female)
Age (years)

BMI (kg/m?)
Smoking status

ASA status
II/111/1V

Surgical procedure:

28 (65.1%)/15 (34.9%)
67 (59-73)

26.1 (22.8-28.0)

18 (41.9%)

10 (23.3%)/26 (60.5%)/7 (16.3%)

colorectal 24 (55.8%)
gastric 6 (14.0%)
small intestine 2 (4.7%)
liver 5 (11.6%)
pancreas 3 (7.0%)
multiple resections |3 (7.0%)

For categorical data, total number of patients and ratio (%), and for
continuous data median and interquartile range were used; BMI =
body mass index; ASA = American Society of Anesthesiologists

Results

The type of surgical procedure and demographic
characteristics of 43 patients are shown in Table 1.
Thirty-four (79.1%) patients underwent elective sur-
gery, nine (20.9%) patients emergency surgery, and 36
(83.7%) patients cancer surgery. The median duration
of surgery was 135 (120-180) minutes. Urgent proce-
dures lasted shorter than the elective ones (120 (75-
144) minutes ws. 150 (120-180) minutes; p=0.009).

The criteria for systemic inflammation were met in
15 (34.8%) patients and they underwent emergency
surgery more often (7/15; 47%) than patients not
meeting the criteria for systemic inflammation (2/28;
7%). Comparison of patients with and without signs of
systemic inflammation is illustrated in Table 2.

There were no differences in patient demographic
characteristics or in preoperative red blood cell, plate-
let, bilirubin, serum urea and creatinine levels between
patients with and without systemic inflammation. The
group with systemic inflammatory response had sig-

Table 2. Comparison of patients with and without systemic inflammation

Systemic inflammation
Yes (N=15) No (N=28) p*

Male/female 10 (67)/5 (33) 18 (64)/10 (36) 0.57
Age (years) 69 (57-76) 66 (59.5-71.7) 0.51
Body mass index (kg/m?) 24.3 (20.7-27.4) 26.5 (23.3-29.2) 0.13
Procalcitonin (mg/L) 0.38 (0.08-7.63) 0.06 (0.04-0.1) <0.001
C-reactive protein (mg/L) 59 (2.5-211.8) 7(2.2-17.1) 0.01
COMT (GA + GG/AA) 7/7 24 /4 0.016
Lactate (mmol/L) 0.85 (0.5-1.5) 0.7 (0.5-0.9) 0.10
Albumin (g/L) 26.3 (23.0-30.7) 32.1 (29.0-35.2) 0.007
Creatinine (mmol/L) 75 (54-122) 65 (54-82.2) 0.36
Emergency surgery 7 (46.6) 2(7.1) 0.005
Duration of surgery (min) 150 (120-180) 135 (120-180) 0.73
Intraoperative opioids' (mg) 55 (45-75) 75 (61.2-93) 0.07
Intraoperative norepinephrine? 6 (40) 6 (21.4) 0.19
Postoperative morphine (mg) 2 (0-8) 4 (2-10) 0.15
PONV 3 (20) 13 (46.4) 0.11

For categorical data, total number of patients and rate (%), and for continuous data median and interquartile range were used.
PONV = postoperative nausea and vomiting; COMT = catecholamine-O-methyltransferase: GG (Val/Val) genotype, GA
(Val/Met), and AA (Met/Met) genotype; *Mann-Whitney U test for continuous and Fisher exact test for categorical data;
lexpressed as milligrams of morphine equivalent; number of patients who received norepinephrine intraoperatively
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SIRS
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Fig. 2. Analgesic effect of tramadol in patients with or without systemic inflammation at 4

measurement poim‘s.

1-5 are pain assessment points, A before and B after application of 100 mg tramadol i.v.; number of patients
is written above the boxplot; NRS = Numeric Rating Scale; SIRS = systemic inflammatory response; *p<0.05
(upper cluster: Wilcoxon test between A and B NRS. At first assessment point, only patients without SIRS
were analyzed; lower cluster: Mann-Whitney U test between NRS 1 B with respect to SIRS).

nificantly lower preoperative serum albumin levels,

and higher CRP and PCT levels (Table 2).

Postoperative pain and opioid consumption

Total intraoperative opioid consumption was lower
in patients with systemic inflammation, but the difter-
ence was not statistically significant (Table 2). Postop-
erative morphine consumption was 2 and 4 mg in pa-
tients with and without systemic inflammation, re-
spectively (p=0.238). Less patients in the group with
systemic inflammation reported postoperative nausea
and vomiting and were administered antiemetics, al-
though differences were not significant.

The rates of patient tracheal extubation cumula-
tively were 8 (18.6%), 37 (86%), 41 (95.3%) and 42
(97.6%) at the time of the 1%, 2", 3¢ and 4™ pain as-
sessment points. By the end of the study and at fifth
pain assessment, all included patients were awake and
extubated. At the first pain assessment point before
(NRS1-A) and after tramadol application (NRS1-B),
only one and three patients with SIRS were extubated,
respectively. Therefore, the analgesic effect of tramadol
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at the first assessment point in patients with SIRS
could not be calculated. In patients without SIRS, tra-
madol was ineffective in reducing pain at the first mea-
surement. Median NRS value before tramadol was 7
(3-10) and after tramadol injection it was 5 (3.5-5.5)
(p=0.09, Wilcoxon test). After tramadol application,
patients with inflammatory response had a significant-
ly higher NRS score at first measurement point
(p=0.02, Mann-Whitney U test).

At the following measurement points, tramadol
administration reduced NRS significantly in both pa-
tient groups with no statistically significant between-
group differences. Median NRS values were lower be-
fore tramadol application at almost all measurement
points in patients with inflammatory response, al-
though the difference was not significant. NRS values
at the five measurement points are shown in Figure 2.

Pain relief at 6 hours of ICU admission (presented
as difference between NRS scores before and after tra-
madol administration) was negatively correlated with
preoperative CRP and PCT levels (r=-0.358; p=0.03
and r=-0.364; p=0.02, respectively). We also analyzed

Acta Clin Croat, Vol. 60, No. 2, 2021
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pain scores in patients who received intraoperative
fentanyl or sufentanil. The analgesic effect of tramadol
at all time points was not associated with the type of
opioid administered intraoperatively.

COMT rs4680 genotype, opioid consumption
and postoperative pain

COMT 154680 was analyzed in a total of 42 pa-
tients; 21 patients had GA genotype, 12 had AA gen-
otype, while GG genotype was recorded in nine pa-
tients. Intraoperative consumption of opiates expressed
as morphine equivalent was 85 (47.5-100) mg, 70 (55-
94.5) mg and 68 (53.5-79.5) mg in GG, GA and AA
genotypes, respectively. There was no statistically sig-
nificant difference in intraoperative opiate consump-
tion according to COMT genotype (p=0.870). There
was no difference in pain at any measurement point or
in postoperative opioid consumption among different
COMT rs4680 genotypes either. Systemic inflamma-
tion was more common in GA and GG genotypes as
compared to AA genotype.

Discussion

Pain is an important stressor in ICU and a strong
contributing factor in the development of delirium
and ICU-related post-traumatic stress disorder. Thus,
assessment of pain and adequacy of analgesia in ICU
are very important®. In our cohort, patients were not
divided into septic and non-septic but according to the
clinical criteria for systemic inflammation, which is
common after major abdominal surgery. Considering
that the cytochrome enzyme CYP2D6 activity was
equally altered in both patient groups, the analgesic ef-
fect of tramadol was not found to be different after
major abdominal surgery irrespective of whether the
patient developed postoperative systemic inflamma-
tion or not.

'The perception of pain before the administration of
tramadol in patients with systemic inflammation was
lower, although proinflammatory cytokines, peritoni-
tis, and more severe tissue trauma were expected to
result in greater production of nociceptive neurotrans-
mitters due to neuro-immune interaction?. This may
be partly explained by brain dysfunction that occurs
in systemic inflammation®. McGrane ez al. showed
that elevated CRP and PCT values correlated with
brain dysfunction independently of the diagnosis of

Acta Clin Croat, Vol. 60, No. 2, 2021

sepsis®. Moreover, low mean arterial pressure and
greater use of vasopressors in systemic inflammation
may be responsible for altered cerebral autoregulation
and mental impairment, and thus for the reduced pain
experience in these patients*.

In the study conducted by Crippa ef al., impaired
cerebral autoregulation was associated with brain dys-
function. The authors concluded that both a history of
vascular disease and cerebral hypoxia could contribute
to the development of brain dysfunction®. In our pa-
tients, altered mental status may have underlain the
observers’inability to assess pain immediately after ad-
mission to ICU and explain the lower pain scores at all
subsequent measurements in patients with systemic
inflammation.

In the meta-analysis by Hu ez al., postoperative
pain was found to be higher in COMT rs4680 GG
and GA variants, and was in correlation with postop-
erative opioid consumption®. Our study did not con-
firm correlation of COMT variants with any of out-
comes. This may be due to the small sample, but also
due to the heterogeneous group of emergency and
elective surgical patients. The only difference among
the genotypes was the higher incidence of systemic in-
flammation, which was observed in 7 of 11 carriers of
the AA genotype.

Although we found tramadol to be equally eftec-
tive for pain relief in patients with and without the
criteria for systemic inflammation, a weaker analgesic
effect at the 2" measurement point was recorded in
the subset of patients presented with higher preopera-
tive CRP and PCT values. Also, NRS value after first
tramadol application was higher in patients with sys-
temic inflammation. A potential explanation of these
difference may be decreased activity of the CYP2D6
enzyme in systemic inflammatory conditions and de-
creased synthesis of the active M1 metabolite, but the
enzyme activity was not determined in this cohort. The
limitations of our study were small sample size, hetero-
geneity of patients regarding ASA status, and hetero-
geneity of the type of surgery. Studies have shown the
state of systemic inflammation to be characterized
with a decreased expression of drug transporters on
hepatocytes and peripheral tissues®* 2. This may lead to
a higher concentration of tramadol and its metabolites
and be the reason for the good analgesic effect of tra-
madol despite cytokine-related decreases in the CY-
P2D6 enzyme activity.
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In conclusion, this study confirmed that tramadol
provided effective pain relief in all patients after major
abdominal surgery. The negative correlation between
the values of inflammatory parameters and the analge-
sic effect of tramadol at one measurement point cer-
tainly requires a larger study with a more homoge-
neous sample of patients to determine the exact anal-
gesic effect of tramadol in systemic inflammatory con-
ditions, as well as on pain perception in these patients.
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Sazetak

POSLIJEOPERACIJSKA SUSTAVNA UPALA NAKON VELIKE ABDOMINALNE OPERACIJE
NE MIJENJA ANALGETSKI UCINAK TRAMADOLA

N. Neskovic, S. Marczi, D. Mandi¢, B. Mraovic, S. S'/eiljit’, G. Kristek, H. Vinkovici S. Kvolik

Tramadol je analgetik koji se Cesto rabi za poslijeoperacijsku bol u jedinicama intenzivnog lije¢enja (JIL). Njegova kon-
verzija u aktivni metabolit zbiva se putem enzima CYP2D6, funkcija kojega je smanjena u stanjima sustavne upale. Na do-
Zivljaj boli mogu utjecati i varijante katehol-O-metiltransferaze. Cilj istraZivanja bio je ispitati razlike u analgetskom uéinku
tramadola kod bolesnika ovisno o razvoju sustavne upale. Cetrdesettroje bolesnika primljena su u JIL nakon velikih abdomi-
nalnih operacija te su intravenski primili 100 mg tramadola svakih 6 sati tijekom 24 sata. Procjena boli putem numericke
ocjenske ljestvice (NRS) radena je prije i 30 minuta nakon primjene tramadola. Smatralo se da bolesnici imaju sustavnu
upalu ako su u prva 24 sata poslijeoperacijski imali barem dva od sljedeéih kriterija: vrudica ili hipotermija, tahikardija, pCO,
<4,3 kPa, leukociti >12000/mm?® ili <4000/mm? ili prijeoperacijski C-reaktivni protein (CRP) >50 mg/L 1/ili prokalcitonin
(PCT) »0,5 mg/L. Katehol-O-metiltransferaza je analizirana poslijeoperacijski. Kriterije za postojanje sustavne upale imalo
je 15 (34,8%) bolesnika. Tramadol je znacajno smanjio bol u odnosu na stanje prije primjene, neovisno o postojanju sustavne
upale (p<0,05 u svim mjerenjima). Bolesnici koji su imali sustavnu upalu imali su niZu percepciju boli prije primjene trama-
dola u odnosu na one koji nisu imali sustavnu upalu, no ova razlika nije bila statisticki znac¢ajna. Statisticki zna¢ajna negativ-
na korelacija zabiljeZena je izmedu prijeoperacijskih vrijednosti CRP-a i PCT-a i analgetskog ucinka tramadola u drugoj
mjernoj tocki (r=-0,358, p=0,03 i r=-0,364, p=0,02). Katehol-O-metiltransferaza nije povezana s potrodnjom analgetika niti
jac¢inom boli. Rezultati ovog istrazivanja pokazali su da je tramadol u¢inkovit u smanjenju boli nakon abdominalnih opera-
cijskih zahvata neovisno o znakovima sustavne upale.

Klju¢ne rijeci: Analgezija; Intenzivno lijecenje; Sustavni upalni odgovor; Katehol-O-metiltransferaza; Tramadol
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