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Abstract
Background: Early detection of postoperative increase in C-reactive protein (CRP) predicts complications
after surgery. The preoperative and intraoperative factors associated with postoperative CRP changes are
potentially signi�cant in the prophylactic management of postoperative complications. Although ongoing
nociception during surgery under general anesthesia is one of potential candidates for these factors, it
has not been evaluated with the unavailability of valid nociception measures in clinical practice. Then we
adopted averaged values of nociceptive response (NR) throughout surgery as intraoperative nociceptive
levels, being examined the association between perioperative factors, early changes in postoperative CRP
levels, and postoperative complications

Material and Methods:  Data from 174 adult patients undergoing elective non-cardiac surgery under
general anesthesia on perioperative variables, including age, sex, BMI, American Society of
Anesthesiologists-physical status (ASA-PS), duration of surgery, mean NR during surgery as
intraoperative nociceptive level, CRP levels before and after surgery on postoperative day (POD) 1, and
postoperative complications using the extended Clavien-Dindo classi�cation were retrospectively
obtained in a training cohort. Multivariate regression analysis was performed to determine the
independent factor of CRP levels on POD1and to develop a prediction model. In two validation cohorts,
both 75 patients undergoing mastectomy (validation cohort A) and 139 patients undergoing laparoscopic
or open abdominal surgery (validation cohort B) were separately selected, and retrospectively utilized to
evaluate the value of the prediction model.

Results: CRP levels on POD1 in the training cohort signi�cantly increased in the order of Clavien-Dindo
grades. Multivariate regression analysis selected mean NR, BMI, and duration of surgery to set up the
prediction model of CRP level on POD1, which showed signi�cant correlation with the measured CRP in
both two validation cohorts. To con�rm associations between mean NR, postoperative CRP, and major
complications (Clavien-Dindo grade ≥ IIIa), we performed a propensity score matching in the validation
cohort B, using age, BMI, ASA-PS, and duration of operations, �nding that both mean NR and CRP levels
on POD1 were signi�cantly higher in patients with major complications than those without major
complications.

Conclusion: Increases in the intraoperative nociceptive level likely associated with early increases in CRP
level after surgery.

Keywords: C-reactive protein, Postoperative complications, Nociception.

Background
Early diagnosis and treatment of postoperative complications is crucial for suppression of the associated
morbidity and mortality. C-reactive protein (CRP) is an acute phase reactant, which increases
postoperatively in response to in�ammation or intraoperative tissue damage. Recently, CRP is
increasingly being studied as an early marker of postoperative complications, with early detection of an
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increase in CRP levels on postoperative days (POD) 1-5 reportedly being predictive of the occurrence of
complications after surgery [1-7]. The preoperative and intraoperative factors associated with
postoperative CRP changes are potentially signi�cant in the prophylactic management of postoperative
complications. Although intraoperative factors, including heart rate, body temperature, lactate level, base
excess, and transfusion, were reported to associate with postoperative CRP elevation after cardiac
surgery [8], no intraoperative parameters have been evaluated well for the association with postoperative
CRP levels after non-cardiac surgery.

Nociceptive stimulation during surgery increases intraoperative in�ammation and tissue damage. It
activates the autonomic nervous system and the hypothalamic-pituitary-adrenal axis, inducing potentially
harmful outcomes such as cardiac dysfunction, vascular instability, or coagulopathy [9]. Therefore, we
hypothesized that ongoing nociception during surgery under general anesthesia would be one of the
candidates for intraoperative factors associating with postoperative CRP elevation.

Intraoperative nociceptive level, however, has not been evaluated for those factors with a result of the
unavailability of valid nociception measures during surgery under general anesthesia [10]. Several
nociceptive indices using variables derived from autonomic responses indicate the degree of nociceptive
stimulation under general anesthesia. The analgesia nociception index (ANI) is calculated from heart rate
variability [11], and the surgical pleth index (SPI) is calculated using photoplethysmographic pulse wave
amplitude and heart beat interval [12]. Recently, we developed the nociceptive response (NR) for the
evaluation of nociceptive levels under general anesthesia, which is calculated using the variables of heart
rate, systolic blood pressure, and perfusion index [13]. Given that nociceptive indices likely correspond to
the intensity of in�ammation or tissue damage during surgery under general anesthesia [13], we
considered that an averaged value of the NR throughout surgery under general anesthesia represent the
intraoperative nociceptive level in each surgery.

To reveal the relationship between intraoperative nociceptive levels under general anesthesia with early
postoperative C-reactive protein levels, we developed and validated a prediction model for CRP levels on
POD1 in training and validation cohorts, and investigated the association between perioperative risk
factors, CRP levels on POD1, and postoperative complications after non-cardiac surgery under general
anesthesia.

Methods
This retrospective cohort study was approved by the Ethics Committee of Hyogo College of Medicine
(#2566). We obtained clinical data of patients who underwent surgery at Surgical Center of Hyogo
College of Medicine Hospital. As American Society of Anesthesiologists-physical status (ASA-PS) and
preoperative CRP levels were reported to associate strongly with postoperative complications [14-17], we
determined eligibility criteria for the present study as the following: age over 20 years, ASA-PS I–II, and
preoperative CRP level <0.3 mg·dL-1. In a training cohort to develop the prediction model, patients who
underwent elective mastectomy, spine surgery, laparoscopic surgery, open abdominal surgery, or thoracic
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surgery, were selected from November 2017 to December 2017, as CRP levels on POD1 were routinely
measured after those surgeries. In two validation cohorts to verify the value of the prediction model,
patients who underwent elective mastectomy (validation cohort A), and also patients who underwent
elective laparoscopic or open abdominal surgery (validation cohort B), were selected from May 2018 to
August 2018. 

Perioperative management

 All patients did not receive premedication. General anesthesia was induced with propofol, fentanyl and
rocuronium, followed by insertion of a tracheal tube, and was maintained with sevo�urane / des�urane,
fentanyl, rocuronium and a continuous infusion of remifentanil. The doses of remifentanil and fentanyl
were adjusted to maintain mean blood pressure within a range of ± 20% of the pre-anesthesia level.
Additional regional anesthesia was determined by anesthesiologists in charge. Bispectral index was
maintained between 40 and 60 by adjusting the concentration of sevo�urane / des�urane. Rocuronium
bromide was used for muscle relaxation during surgery, as needed. After surgery, continuous
administration intravenous fentanyl, 25 – 50 μg.hr-1, was routinely performed until POD 1-2 for
postoperative analgesia. Intravenous �urbiprofen axetil or acetaminophen was used for rescue analgesia
after surgery. 

Data collection

Information on serum concentrations of CRP before surgery and POD1, and complications occurring
during hospitalization within 30 days after surgery were obtained from our institutional medical records.
The normal range for CRP at our institution is below 0.3 mg·dL-1. Postoperative complications were
graded according to the extended Clavien-Dindo classi�cation [18]. Major complication was de�ned as
the extended Clavien-Dindo grade IIIa or greater. 

Intraoperative nociceptive level

Figure 1 shows a typical anesthetic record, representing NR, SBP, HR, and PI during general anesthesia.
The NR value typically decreases from 0.9 to 0.6-0.7 after induction of anesthesia, and then increases
after tracheal intubation. At the time of skin incision, it increases again, then keeping around 0.7-0.9
during surgery. The NR value was calculated using the following hemodynamic equation: NR = -1 + 2 / (1
+ exp (-0.01HR – 0.02SBP + 0.17PI)) [13]. NR value represents no nociceptive stimulus under 0.70, minor
noxious stimulus like very small incision between 0.70 and 0.75, moderate noxious stimulus like
laparoscopic surgery between 0.75 and 0.85, severe noxious stimulus like open abdominal surgery
between 0.85and 0.90, and extreme noxious stimulus over 0.90. After we installed the equation of NR on
our institutional anesthesia information managing system (ORSYS, PHILIPS, Amsterdam, Netherlands),
the averaged value of NR data from the start to end of surgery (mean NR), which was considered the
intraoperative nociceptive level, was obtained using the data-search software (Vi-Pros, Dowell, Sapporo,
Japan) (Figure 1).
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Statistics

All statistical testing was two-sided with a signi�cance level of 5% and was performed using JMS Pro
version 13.1.0 (SAS Institute Inc. Cary, NC, United States). To investigate the association between CRP
levels on POD1 and preoperative/intraoperative variables (age, sex, BMI, ASA-PS, duration of operation,
mean NR, and preoperative CRP level), we performed multiple linear regression analyses in the training
cohort, and then developed the prediction model for CRP level on POD1. The prediction model was
applied on two validation cohorts to evaluate its value using linear regression analysis between
measured and predicted CRP levels. After 3 variables of BMI, duration of surgery, and mean NR were
selected to construct the prediction model, we performed propensity score matching of patients who did
and did not suffered major complications after surgery in the validation cohort B to con�rm the
associations between intraoperative nociceptive levels, postoperative CRP levels, and postoperative
complications (Complication and Control groups, respectively). Propensity score was calculated by
logistic regression analysis using age, BMI, ASA-PS, and duration of surgery as independent variables.
Patients with major complications (Complication group) whose propensity scores deviated by more than
0.02 from those without major complications (Control group) were considered unmatched. The unpaired
t-test, the chi-square test, the one-way ANOVA followed by Tukey’s test, or the Kruskal-Wallis test and the
Mann-Whitney U-test, were used to compare appropriate variables. The prediction of major complications
using this model was evaluated in the validation cohort B using a receiver-operating characteristic (ROC)
curve analysis.

Results
Postoperative CRP levels and Clavien-Dindo classi�cation

A total of 174 patients in the training cohort were assessed for eligibility (Table 1). The number of
operations selected were 58 for mastectomy, 34 for spine surgery, 40 for laparoscopic surgery, 24 for
open abdominal surgery, and 18 for thoracic surgery. Laparoscopic surgery included colectomy,
gastrectomy, hysterectomy, cholecystectomy, and hepatic resection. Open abdominal surgery included
colectomy, gastrectomy, hysterectomy, and hepatic resection. Prevalence of complications graded by the
extended Clavien-Dindo classi�cation were 57.2% in grade I, 30.1% in grade II, and 4.0% in grade IIIa. No
patients showed grade over IIIb. There were no postoperative complications in 8.7% of patients.
Postoperative CRP levels signi�cantly increased in the order of Clavien-Dindo grades (Figure 2). CRP
levels on POD1 at Clavien-Dindo Grade II and IIIa were both signi�cantly higher than those without
postoperative complications. 

Development of prediction model

We performed multivariate linear regression analysis to explore predictive factors for the increase in
postoperative CRP levels, which showed that CRP levels on POD1 were signi�cantly associated with the
duration of surgery, mean NR value during surgery, and BMI (Table 2). The prediction model was
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developed as follows: predicted CRP level on POD1 = -7.473 + 7.261 x Mean NR + 0.087 x BMI (kg•m2) +
0.007 x Duration of surgery (min).

Validation of prediction model 

To validate the prediction model, we selected two cohorts of patients undergoing mastectomy, of which
intraoperative nociceptive levels were expected to be low, and patients undergoing elective laparoscopic
or open abdominal surgery, of which intraoperative nociceptive levels were expected to be high. In a total
of 80 patients undergoing mastectomy, 75 patients in the validation cohort A were assessed for eligibility
(Table 1). In a total of 399 patients undergoing elective laparoscopic or open abdominal surgery, 139
patients in the validation cohorts B were assessed for eligibility (Table 1, Figure 3). The number of
operations selected were 87 for laparoscopic surgery and 52 for open abdominal surgery. Age, mean NR,
and CRP level on POD1 in the validation cohort A were signi�cantly lower than those in the training cohort
(Table 1). Duration of surgery, mean NR, and CRP level on POD1 in the validation cohort B were
signi�cantly higher than those in the training cohort and the validation cohort A. The incidence of major
complications in the validation cohort B was also signi�cantly higher than that in the validation cohort A
(Table 1). Predicted CRP levels on POD1 showed a signi�cant correlation with measured CRP levels on
POD1 in both validation cohorts (Figure 4). 

Propensity score analysis 

The complication group (n = 11) in the validation cohort B, where patients suffered major complications
(Clavien-Dindo grade ≥IIIa), showed longer duration of surgery and higher levels of perioperative CRP
than the control group (n = 128) before propensity score matching (Table 3). After propensity score
matching, 11 patients in each group were selected (Figure 3). Although there were no signi�cant
differences in BMI and duration of surgery between two groups, mean NR and CRP levels on POD1
showed signi�cantly higher in the complication group than those in the control group. There was no
signi�cant difference in the number of rescue analgesia of acetaminophen and /or �urbiprofen axetil,
used on POD1, between the control and complication groups (Table 4). 

Prediction of major complications 

Figure 5 shows ROC curves for prediction of major complications with measured and predicted CRP
levels on POD1. The area under the curve (AUC) obtained in the ROC curve was 0.75 for the measured
CRP level (P=0.005) and 0.69 for the predicted CRP level (P=0.049).

Discussion
In the present study involving ASA-PS I–II adult patients with preoperative CRP levels <0.3 mg/dL
undergoing non-cardiac surgery, the prediction model using mean NR, duration of surgery, and BMI was
evaluated to be eligible for the prediction of CRP levels on POD1 in patients undergoing mastectomy and
also in patients undergoing laparoscopic or open abdominal surgery. Higher mean intraoperative NR
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value, longer surgical duration, and higher BMI signi�cantly correlated with the higher CRP value on POD1
in both cohorts. High levels of mean NR during surgery correlated to high levels of CRP after surgery and
high incidence of major complications. 

Although either longer duration of surgery or obesity has been reported to be a risk factor for
postoperative complications [18-21], intraoperative nociceptive level has not been evaluated. The degree
of in�ammation or tissue damage caused by surgical trauma affects both the intraoperative nociceptive
level [13] and postoperative CRP level [9]. Given that minimizing surgical trauma by performing
laparoscopy instead of open surgery reportedly reduces early postoperative CRP levels [22-24], it seems
plausible that the mean NR value for possible estimation of the intraoperative nociceptive level was
selected as one of intraoperative factors for the prediction of early postoperative CRP level in the present
study. 

Preoperative increase in CRP levels is known to predict postoperative complications [25-27]. As high
preoperative CRP levels may induce an increase in postoperative CRP levels, we selected patients with
ASA-PS I/II whose preoperative CRP levels were within the normal range to eliminate the confounding
effect of preoperative CRP elevation in the present study. Prevalence of major complications, which is
de�ned as Clavien-Dindo grade ≥IIIa, reportedly ranged from 8.1 to 39.3% after laparoscopic or open
abdominal surgery [15, 18, 28]. In the present study, however, the prevalence was 7.9% after laparoscopic
or open abdominal surgery. This lower level of prevalence of major complications, compared to the
previous reports, might be caused by our selection criteria of patients without serious preoperative
conditions or comorbidities. This and the previous discussion suggest that the effects of serious
preoperative conditions or comorbidities, if any, might exceed the effects of intraoperative nociceptive
level, duration of surgery, and BMI on early CRP levels after surgery. 

Perioperative managements reducing early postoperative CRP levels could prevent postoperative
complications. Previously, reduction of surgical invasion [29-31], administration of non-steroidal anti-
in�ammatory drug [32], steroid [33], or β-blocker [34], and Enhanced Recovery After Surgery (ERAS)
protocol [31, 35], were reported to reduce postoperative CRP levels. Although the effects of anesthetic
managements on postoperative CRP levels are controversial so far [36, 37], combination with these
perioperative managements are required for anesthetic management to reduce postoperative CRP levels
for prevention of major complications after surgery. Further study is needed to examine the effects of NR-
guided anesthetic management, where the NR value is used as an index of nociception during surgery, on
CRP levels after surgery. 

A limitation of this study is a retrospective study. Higher surgical invasion increases intraoperative
nociceptive levels causing postoperative complications, likely augmenting acute postoperative pain [9].
Postoperative analgesia in patients without major complications after laparoscopic or open abdominal
surgery, however, was similar in patients with major complications, whose mean NR and postoperative
CRP were higher than those without major complications in the present study. Several factors reportedly
affect acute postoperative pain, including psychiatric comorbidities, opioid use, preoperative pain,
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surgical procedures, and pain management [38]. As our study was retrospectively performed, there are
potential reasons for no signi�cant difference in postoperative analgesia, such as small number of
patients, case mix of anesthetic managements and surgical procedures, no assessments of pain
intensity, and no psychological assessments. Further investigation is needed to examine the association
between intraoperative nociceptive levels and postoperative pain in a prospective study. 

Another limitation of this study is that the present results cannot be applied to surgery under regional
anesthesia in the conscious state. Although the NR value varied between 0.6 and 0.9 during surgery under
general anesthesia in the unconscious state, only a few of the values ranged around 0.9, which is the
level corresponding to the levels in the awake state without nociceptive stimulation, as well as during
surgery in the conscious state under regional anesthesia (data not shown). Similar results have also been
reported with other nociceptive indices using variables derived from autonomic responses to nociceptive
stimuli, such as SPI and ANI values in the conscious state [39-43]. Recently, Lichtner et al. examined the
transmission of somatosensory stimuli from the spinal cord to the brain with and without propofol
anesthesia in humans, showing that although the somatosensory processing induced by moderate
noxious stimulation was suppressed depending on the propofol concentration, intense noxious stimuli
induced somatosensory cortical processing even under deep propofol anesthesia [44]. They also found
that somatosensory signal transmission depends on the intensity of noxious stimuli under the same
propofol concentration [44]. Therefore, increases in the depth of general anesthesia likely suppress
somatosensory processing in the brain in a dose-dependent manner. Conversely, somatosensory
processing under general anesthesia likely occurs in an intensity-dependent manner. Considering the fact
that transmission of somatosensory stimuli in the central nervous system would depend on the balance
between depth of anesthesia and intensity of noxious stimuli, somatosensory processing in the
conscious state would always reach the parts of the brain with higher-order functions regardless of the
intensity of noxious stimuli, the processing reaching close to these parts of the brain after intense
noxious stimulation under general anesthesia. Taken together, nociceptive indices using autonomic
responses (e.g., SPI, ANI, NR) represent the competence of somatosensory processing in the central
nervous system. Therefore, the association of intraoperative nociceptive levels with postoperative CRP
levels cannot be applied to surgery under regional anesthesia in the awake state. Further investigation is
needed to validate this hypothesis.

Conclusions
The nociceptive level during surgery under general anesthesia, the duration of surgery, and BMI likely
correlate with early CRP changes after surgery in patients without serious preoperative conditions or
comorbidities. This association can be applied to both surgeries with low and high nociceptive levels.

Abbreviations
ANI: analgesia nociception index, ASA-PS: American Society of Anesthesiologists physical status, BMI:
body mass index, CRP: C-reactive protein, NR: nociceptive response, POD: postoperative day, SPI: surgical
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pleth index.
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Variables Training cohort

(n = 174)

Validation cohort A

(n = 75)

Validation cohort B

(n = 139)

Age (years) 61 ± 14 56 ± 13* 61 ± 15

Sex (M/F) 68/106 2/73** 69/66##

BMI 22.5 ± 3.2 21.9 ± 3.4 22.5 ± 3.6

ASA-PS I/II 27/147 23/52** 17/118##

Duration of surgery (min) 192 ± 114 160 ± 96 256 ± 143**##

Mean NR 0.801 ± 0.057 0.760 ± 0.066** 0.816 ± 0.051*##

Preoperative CRP level (mg•dL ) 0.07 ± 0.08 0.06 ± 0.11 0.07 ± 0.06

CRP level on POD1 (mg•dL ) 1.64 ± 2.20 0.62 ± 0.81** 2.77 ± 2.94**##

Major complications (n(%)) 7(4.0) 0(0.0) 11(7.9) #

Data are presented as mean ± SD. ASA-PS: American Society of Anesthesiologists physical status, BMI: body

mass index, CRP: C-reactive protein, NR: nociceptive response, POD: postoperative day. *P<0.05 and **P<0.01

vs. Training cohort, #P<0.05 and ##P<0.01 vs. Validation cohort A are significant.

 

Table 2. Multivariate linear regression analysis of the association between CRP levels on POD1 and

perioperative variables in training cohort 

Variables β P
Age (years) -0.073 0.338
Sex (M/F) -0.056 0.436

BMI 0.129 0.069*

ASA-PS (I/II) 0.035 0.621

Duration of surgery (min) 0.346 0.001*

Mean NR 0.205 0.009*

Data are presented as standardized beta coefficient (β). CRP: C-reactive protein, NR: nociceptive response,
POD: postoperative day. *P<0.10 on multivariate analysis.

 

Table 3. Variables before propensity score matching in validation cohort B

-1

-1
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  Control group

( n = 128)

Complication group

( n = 11)

P value

Age (yrs) 61 ± 14 66 ± 16 0.252

Gender (Female / Male) 63/65 5/6 0.792

BMI (kg•m ) 22.5 ± 3.5 22.6 ± 4.8 0.908

ASA-PS I/II 18/110 0/11 0.195

Duration of surgery (min) 249 ± 143 350 ± 121 0.028

Mean NR 0.815 ± 0.050 0.841 ± 0.035 0.355

Preoperative CRP level (mg•dL ) 0.07 ± 0.13 0.14 ± 0.13 0.046

CRP level on POD1 (mg•dL ) 2.48 ± 2.55 6.40 ± 4.83 0.001

 ASA-PS: American Society of Anesthesiologists – Physical status, BMI: body mass index, CRP: C-reactive

protein, NR: Nociceptive Response, POD: postoperative day. *P<0.05 and **P<0.01 are significant.

 

Table 4. Variables after propensity score matching in validation cohort B
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  Control
group

( n = 11)

Complication
group

( n = 11)

P
value

Age (yrs) 65 ± 17 66 ± 16 0.862

Gender (Female / Male) 2/9 5/6 0.170

BMI (kg•m ) 23.6 ± 2.7 22.6 ± 4.8 0.632

ASA-PS I/II 0/11 0/11 1.000

Duration of Operation (min) 375 ± 181 350 ± 121 0.712

Mean NR 0.806 ±
0.033

0.841 ± 0.035 0.026

Preoperative CRP level (mg•dL ) 0.08 ± 0.13 0.14 ± 0.13 0.073

CRP level on POD1 (mg•dL ) 2.01 ± 1.25 6.40 ± 4.83 0.009

Acetaminophen and/or flurbiprofen axetil as needed on POD1
(yes/no)

6/5 7/4 0.665

ASA-PS: American Society of Anesthesiologists – Physical status, BMI: body mass index, CRP: C-reactive protein,

NR: Nociceptive Response, POD: postoperative day. *P<0.05 and **P<0.01 are significant.
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Figure 1

Representative anesthesia record. A bold line shows NR, a thin line shows PI, and a dotted line shows HR.
BP: blood pressure, HR: heart rate, NR: nociceptive response, PI: perfusion index, SBP: systolic blood
pressure. Mean NR is calculated by the averaged values of NR from the start to end of surgery.
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Figure 2

CRP levels on POD1 and Clavien-Dindo classi�cation in the training cohort. CRP: C-reactive protein, POD:
postoperative day. *P<0.05 and **P<0.01 are signi�cant.
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Figure 3

Diagram showing the process for analysis using propensity score matching. ASA-PS: American Society
of Anesthesiologists – Physical status, BMI: body mass index, CRP: C-reactive protein.
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Figure 4

Relationship between predicted and measured CRP levels on POD1 in Validation cohort A after
mastectomy (A), and in Validation cohort B after laparoscopic or open abdominal surgery (B). Scatter-
points represent actual data, and the regression line (solid) and the 95% con�dence interval (shaded area)
are also shown. CRP: C-reactive protein, POD: postoperative day.

Figure 5
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Receiver operating characteristic curves for prediction of major complications with measured and
predicted C-reactive protein levels on postoperative day 1.


