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1. INTRODUCTION 

Whenever signals of a potential hazard to body 
integrity are recognized, the inflammatory 

response (IR) is immediately activated and 

developed, being composed by several cell types 
and cytokines whose participation aims the 

healing of damaged tissue [1]. The Acute Phase 

Response (APR), represents one of several 

constituent subsystems of the innate immune 
system, and its presence can be seen in every 

animal species [2,3,4,5]. The APR is responsible 

for multiple systemic effects, one of them 
particularly noteworthy, is the modulation of 

protein synthesis in the liver which results in 

plasmatic levels changes from a specific group 
of proteins called Acute Phase Proteins (APPs), 

whose majority are considered as positive APPs 

since their plasmatic level increase during the 
inflammatory process [3,4,5,6]. APPs hold as 

principal roles: 1) microorganisms opsonization 

and activation of the complement system, 2) 

scavenging of free radicals and cellular 
components, and 3) neutralization of the 

proteolytic enzymes action [4, 6]. C - reactive 

protein (CRP) was the first described APP. It 
belongs to the Pentraxins family, holds a 100-
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kDa molecular weight and a pentameric 
structure with two faces. One face binds to 

phosphocholine (molecule present in all cell 

membranes, including bacteria and protozoa), 

while the other binds to antibody receptors 
present in the neutrophils’ surface, like FCγRI 

and FCγRII. Also, CRP can activate the 

complement system through the classical 
pathway, acts as an opsonin, and promotes 

microorganisms and dead or damaged cells 

phagocytosis [1,2,3,5]. Despite its pro-
inflammatory functions, CRP also has anti-

inflammatory abilities, considering that inhibits 

the neutrophil degranulation and the superoxide 

production, blocks platelet aggregation and 
promotes the healing of injured tissues through 

its capacity to minimize the damage produced 

during the inflammatory process [1]. In dogs, 
plasmatic CRP level can increase, as soon as, 4 

hours after the onset of tissue lesion stimulus, 

decreasing afterward in a fast way if the 

underlying cause is resolute. For this reason, this 
biomarker can be used as a monitoring tool and 

prognosis factor for patient clinical condition 

evaluation [2,3,5,6,7,8]. In a peri-operative 
scenario, CRP can also work as a proper 

monitoring tool relating to inflammatory tissue 

level, verifying that the increasing magnitude of 
its levels is correlated with the surgical trauma 

intensity produced in the patient [9]. The present 

study was developed in a sample of 50 healthy 

bitches (N=50) undergoing to an elective 
ovariohysterectomy (OVH) surgery and aimed 

to compare the CRP plasmatic level variation 

between patients submitted to surgical incisions 
with CO2 Laser and scalpel Blade considering a 

pre- and post-surgical time-points. 

2. MATERIALS AND METHODS 

The study used a sample of 50 healthy bitches 

(N=50) presented at Anjos of Assis Veterinary 

Medicine Centre - CMVAA for elective OVH 

surgery, and at no time were used as 
experimental animals. Inclusion criteria were 

the following: 1) healthy clinical condition, 2) 

pre-operative blood testing (hemogram, 
ionogram, liver and kidney function) with 

values within the reference range, 3) no 

undergoing treatment, 4) a body condition score 

of 4 or 5 according to Laflamme (1997) [10] 
body condition scale, and 5) a signed consent 

form obtained from the owners to the animal’s 

participation in the study. The sample was 
randomly distributed between 2 groups with 25 

individuals each (n=25), according to the type of 

surgical incision used technique: with scalpel 

Blade (GB) or with CO2 Laser (GL). The same 
surgeon performed the procedure. In GB 

surgical incisions were performed with scalpel 

blade Nº 24, and in GL, surgical incisions were 

made with the Surgical CO2 Laser System - 
Aesculight 1507 Surgical Laser System - 

Aesculight ®. A Superpulse energy emission 

mode, a laser focus of 0,4 mm
2
 and a power 

output of either 12 Watts (W) or 15 W were 

selected. All patients were catheterized via the 

cephalic vein after topical application of 
bupivacaine gel 5% and received a continuous 

intravenous fluid therapy with saline (2 ml/kg/h 

NaCl 0.9%). A presurgical protocol with 

amoxicillin + clavulanic acid (10 mg/kg IM), 
carprofen (4 mg/kg); buprenorphine (0,005 

mg/kg); acepromazine (0,005 mg/kg) was used 

for all patients. For anesthetic induction, it was 
used propofol (4 mg/kg), and isoflurane for the 

maintenance of anesthesia. Two peripheral 

blood samples of 1 ml volume each, were 

collected in every patient on two different time-
points: T0 (immediately after catheterization) 

and T1 (4 hours after the end of surgery), using 

the previously catheterized vein. The 1
st
 blood 

sample (T0) was divided into an EDTA tube to 

perform hemogram, and into a Heparin tube 

which was then centrifuged for 3 minutes at 
9000 rotations per minute (r.p.m.), using the 

resulting plasma for the CRP level 

measurement. The 2
nd

 blood sample (T1), was 

collected 4 hours after the end of surgery during 
the catheter removal and centrifuged in an equal 

manner as described for T0 to measure the 

plasmatic CRP level. To quantify the plasmatic 
CRP level was used a canine-specific dry 

chemistry assay for in-house CRP measurement 

(FUJI DRI CHEM SLIDE vc-CRP-P, 
FUJIFILM®). During surgery, data collection of 

the following parameters: cardiac frequency 

(BPM), respiratory frequency (CCP), Systolic 

Arterial Pressure (SAP), Diastolic Arterial Pressure 
(DAP), Mean Arterial Pressure (MAP), EtCO2, 

sPO2, and oesophageal temperature, was made 

using a multiparametric anesthetic monitor. 
Statistical analysis was performed with Rstudio and 

RCommander computer software. Through the 

Shapiro-Wilk test, we verified that the majority of 

the studied variables did not possess a normal 
distribution. Therefore, for the study of correlation 

coefficients between the different parameters we 

used the Spearman test; for the analysis of 
differences in the variation of CRP concentrations 

depending on the used type of incision technique 

(as well as other parameters), we used Wilcoxon 
test, Student t-test, and a Mixed Linear Model 
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followed by a Type II Wald Chi-Square test. 
The obtained results were considered 

statistically significant with a 95% confidence 

interval and when p <0.05. 

3. RESULTS 

Descriptive statistics of age, body weight, breed, 

CRP level at T0 and T1, CRP level variation 

(Δ), White Blood Cells (WBC) and CO2 Laser 
system power used, from total sample (TS), GB 

and GL groups are listed at Table 1 (Figures 1, 

2, 3, 4, 5, 6). The relationship between the CRP 
level Δ and: surgical incision technique, age, 

body weight, breed, CO2 Laser system power 

used and WBC count was analyzed (Table 2). 

Statistically significant differences were 
registered between the CRP levels Δ and the 

surgical incision techniques (p <0.01). It was 

possible to verify that at T0, GL had higher CRP 
levels mean than GB; however, at T1 (4 hours 

after surgery) it was observed that CRP levels of 

GB tended to increase contrary to the GL 

(Figure 7). Considering the surgical incision 
technique, no statistically significant differences 

were registered between both groups regarding 

age (p = 0.99), body weight (p = 0.63) and 
WBC count (p = 0.48) (Table 3). The 

relationship between CRP levels Δ and body 

weight were statistically significantly different 

(p <0.01), with heavier patients presenting lower 
CRP levels at T1 (Figure 8). No, statistically 

significant differences were obtained in 

relationships between the CRP levels Δ and age 
(p=0.55), breed (p=0.37), CO2 Laser power 

system (p=0.94) and WBC count (p=0.41). 

Although no statistically significant difference 
(p=0.37) was registered between CRP level and 

dog breeds, it was possible to verify that CRP 

levels tended to increase after surgery in 

purebred patients and to decrease in crossbreed 
(Figure 9). Correlation coefficients analyses 

were performed between several parameters 

(Table 4). Although weak, a positive correlation 
was found between the patients’ age and body-

weight (p=0.04; Rho=0.29), and between body-

weight and the CRP levels at T1 but in a 

negative way (p=0.02; Rho=-0.32). A strong 
and positive correlation was identified between 

the parameters CO2 Laser power system and T1 

CRP levels (p=0.001; Rho=0.63).  

Table1: Descriptive statistical analysis of total sample (TS), scalpel blade group (GB) and CO2 laser group 

(GL) considering all the studied parameters 

Parameter Group N x̅ ± SD p-value (Shapiro-Wilk) * 

Age (years) TA 50 2.3 ± 0.5 0.00 

GB 25 2.6 ± 0.2 0.00 

GL 25 2.0 ± 0.5 0.00 

Body-weight (Kg) TA 50 10.7 ± 2.7 0.05 

GB 25 11.1 ± 6.07 0.26 

GL 25 10.3 ± 5.9 0.34 

Breed GS 12 Purebreed - 

13 Crossbreed - 

GL 11 Purebreed - 

14 Crossbreed - 

T0 CRP (mg/dl) TA 50 1.3 ± 0.9 0.00 

GB 25 1.1 ± 0.9 0.00 

GL 25 1.5 ± 0.8 0.00 

T1 CRP (mg/dl) TA 50 1.3 ± 0.9 0.00 

GB 25 1.3 ± 1.0 0.00 

GL 25 1.3 ± 0.7 0.00 

ΔPCR (mg/dl) TA 50 0.01 ± 0.6 0.01 

GB 25 0.2 ± 0.3 0.18 

GL 25 -0.2 ± 0.8 0.09 

WBC TA 50 9.9 ± 2.1 0.58 

GB 25 10.1 ± 1.9 0.50 

GL 25 9.7 ± 2.3 0.14 

CO2 Laser power output GL 25 13.2 ± 1.5 0.00 

Sample(N); Mean (X̅); Standard-deviation(SD); C-Reactive Protein (CRP); pre-surgical moment (T0); post-

surgical moment (T1); CRP Variation between T0-T1 (ΔPCR); white blood cells count (WBC); Total sample 

(TA); Scalpel Blade Group (GB); CO2 laser Group (GL). 
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Table2: Wald type II test (Chi-square) for CRP levels variation between T0 and T1 for: surgical incision 

technique, age, body-weight, breed, CO2 laser power output system, WBC count  

Parameter Wald II test(Chi-square) 

Chi-square df p-value 

ΔPCR Surgicalincisiontechnique 7.30 1 <0.01* 

Age 0.40 1 0.55 

Body-weight 345.90 1 <0.01* 

Breed 0.81 1 0.37 

Power output 0.01 1 0.94 

WBC 0.69 1 0.41 

CRP Variation between T0-T1 (ΔPCR); White blood cells (WBC); freedom degree (df); * p <0.05 statistically 

significant 

Table3: Wilcoxon test for the studied parameters: age, breed, T0 CRP, surgical incision technique; and t-Welch 

test for: body-weight, WBC count, surgical incision technique 

Parameter Wilcoxontest t-Welch test 

W p-value t df p-value 

Surgical incision technique (GB vs GL) Age 1246 0.99 - - - 

Breed PCR T0 296.5 0.79 - - - 

Surgical incision technique (GB vs GL) Body-weight - - 0.48 47.74 0.63 

WBC - - 0.71 46.26 0.48 

Scalpel blade group (GB); CO2 surgical laser (GL); C-reactive Protein (CRP); pre-surgical moment (T0); 

white blood cells count (WBC); freedom degree (df) 

Table4: Spearman correlation between the studied parameters: age, body-weight, T0 CRP, T1 CRP, WBC 

count, power output 

Parameters Spearmancorrelation 

p-value Rho 

Age-Body-weight 0.04* 0.29** 

Age-CRP T0 0.12 0.23 

Age-CRP T1 0.33 0.14 

Age-WBC 0.17 -0.20 

Body-weight–CRP T0 0.16 -0.20 

Body-weight–CRP T1 0.02* -0.32** 

Body-weight- WBC 0.83 0.03 

Power output–CRP T1 <0.01* 0.63** 

WBC –CRP T0 0.27 -0.16 

WBC –CRP T1 0.96 -0.01 

C-reactive Protein (CRP); pre-surgical moment (T0); post-surgical moment (T1); white blood cells count (WBC); *p 
<0.05 statistically significant; **0.0<Rho<0.19 veryweak correlation; 0.20<Rho<0.39 weak correlation; 

0.40<Rho<0.59 moderate correlation; 0.60<Rho<0.79 strong correlation; 0.80<Rho<1.0 very strong correlation. 

 
Fig1: Scalpel and CO2 laser groups studied parameters: age, body weight, WBC, T0 CRP, T1 CRP, CRP level 

variation 
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Fig2: Mean RCP variation between T0 and T1 study time points considering the surgical incision technique – 

Scalpel and CO2 surgical laser; and considering patients breeds 

 

Fig3: Relationship between RCP T0 level and Age, Weight and WBC count, Mean RCP variation (from T0 to 
T1) with patients Weight 

4. DISCUSSION  

Canine CRP is a positive APP whose plasmatic 

levels can change with multiple factors in 

physiological and pathological conditions. 
Several authors have established different CRP 

level mean values in physiological conditions 

ranging from 0, 02 mg/dl to 1,60 mg/dl 

[2,9,11,12,13]. In pathological conditions, CRP 

increases can be observed as soon as 4 hours 

after the tissue injury stimulus, reaching up until 

100 times higher than its normal value in a 24-
48 hours period after the injury [2,5,7,8]. In the 

study, patients from TS, GB, and GL presented 

a T0 plasmatic CRP level mean (before surgical 
stimulus) in accordance with the published 
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studies, and very similar between them (TS = 
1.3 ± 0.9; GB = 1.1 ± 0.9; GL = 1.5 ± 0.8).  

Just like other APPs, the CRP synthesis starts 

when the body is exposed to different injury 

stimulus that induces an inflammatory response, 
such as surgical trauma. Several studies 

performed in dogs suggest that the CRP level 

should be included as a post-surgical systemic 
inflammation biomarker, considering that it 

levels directly correlate with the surgical trauma 

level produced on the patient [9,14,15,16]. Thus, 
the more minimally invasive the surgical 

procedure will be, the minor trauma will induce 

in the body resulting therefore in a lower 

inflammatory response. It has been reported that 
the CO2 Laser surgery is related to a lesser 

inflammatory response since it produces less 

hemorrhage, edema, and pain due to its ability 
to vaporize the tissues hit by its energy 

[17,18,19,20,21,22,23,24]. Aside from that, it 

can seal small blood vessels, lymphatics, and 

nerve endings, resulting in better control of the 
pro-inflammatory stimulus caused by the 

surgical procedure [24,25,26,27,28]. Therefore, 

it would expect that the CO2 Laser surgery 
would produce lower increases in plasmatic 

CRP level after the surgical procedure when 

compared to surgery using the scalpel blade. 
The results of our study are in accordance with 

this, considering that it was possible to verify a 

statistically significant difference between the 

plasmatic CRP level and the type of surgical 
incision technique used – scalpel blade and CO2 

Laser (p <0.01). Also, it was observed that the 

GL presented a lower plasmatic CRP mean level 
comparing with the GB; and that the plasmatic 

CRP level Δ mean between T0 and T1 tended to 

decrease in GL and to increase in GB. No 
statistically significant differences were register 

for the studied parameters: age (p=0.99), body 

weight (p = 0.63) and WBC count (p = 0.48) 

between the GB and GL. Similar for the 
parameter breed, considering that the GB had 12 

purebreds and 13 crossbreed individuals, and the 

GL had 11 purebred and 14 crossbreed animals.  

Plasmatic CRP levels were not affecting by the 

carprofen pre-surgically administered to each 

patient, considering that the non-steroidal anti-

inflammatory drugs act ahead of the 
cyclooxygenase (COX) system. The CRP 

synthesis is induced by pro-inflammatory 

cytokines such as interleukin-1 (IL-1), 
interleukin-6 (IL-6) and tumor necrosis factor-α 

(TNF-α), which in the context of the 

inflammatory cascade are produced before the 

COX system. Considering this is possible to 
conclude that the plasmatic CRP level Δ 

registered in the study was not affected by the 

studied parameters (age, body weight, breed, 

WBC, and pre-surgical protocol), but only due 
to the type of surgical incision technique used in 

the patients.  

No correlation between age and the plasmatic 
CRP level in GB and GL were registered 

considering that T0 CRP level presented a 

p=0.12 and Rho=0.23. The results are in 
accordance with the published studies that 

conclude that there is no correlation between 

age and the plasmatic CRP level in healthy dogs 

[11,29]. No statistically significant differences 
were identified in the relationship between age 

and the WBC count (p=0.17 and Rho=0.2). 

Despite that, it was possible to verify that the 
WBC counts tended to be lower as the patients 

were older, which is following the study 

Brenten et al. (2016) that concluded the WBC 

counts presented a negative correlation with the 
patients’ age [30].  

The impact of purebred on the incidence of 

specific diseases is well known, being described 

until this moment more than 370 hereditary 

diseases, associated with some breeds [31]. The 

Miniature Schnauzer is an example of that, 

whose CRP normal level is higher than 

individuals from other breeds, possibly due to a 

higher predisposition for atherosclerosis 

development [32].  However, in our study, it 

was not possible to register statistically 

significant differences in the plasmatic CRP 

levels between the different breeds included in 

our sample. The insufficient number of purebred 

individuals used in the sample could explain this 

difference in the results. To our knowledge, 

until this moment there is no study comparing 

the normal CRP levels between purebred and 

crossbreed dogs. According to the obtained 

results in our study, no statistically significant 

differences were registered between the 

plasmatic CRP level and the pure-and 

crossbreed individuals (p=0.79). Despite that 

fact, it was possible to verify an increase in the 

plasmatic CRP level Δ in purebred individuals, 

and a decrease in crossbreed individuals, which 

however was not statistically significant 

(p=0.37). Perhaps in future, a study with a more 

significant sample would allow us to establish a 

significant difference between pure- and 

crossbreed groups.  
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Regarding the type of surgical incision 
technique used, the sample was randomly 

distributed between 2 groups: with a scalpel 

blade (GB) and with CO2 Laser (GL). The CO2 

surgical laser uses the energy produced by the 
CO2 laser beam, which is highly absorbed by 

water (the main component of tissues), 

promoting the cellular vaporization through the 
generated photothermic effect [33]. The CO2 

laser energy can be used through 3 types of 

energy emission modes: continuous, pulsed and 
superpulse. The superpulse mode reduces the 

exposure time of tissues to the CO2 Laser 

energy by just a few milliseconds, while 

providing high energy levels through each 
emission. It has the advantage of allowing the 

cooling of tissue hit by the laser beam between 

each energy emission, and consequently 
decrease the level of thermal injury produced to 

the adjacent tissue [23,24,34]. Selecting the 

power output of the surgical laser system is a 

factor that influences the photothermic 
interaction between the CO2 laser and the target 

tissues. In 1995, Wilder-Smith et al. [35], 

verified a rise in temperature on tissues 
surrounding the incision line made by the CO2 

laser as the power output of the system 

increased. This could be explaining by the fact 
that high power output results in higher locally 

generated heat, surpassing at some point the 

heat dissipation rate that occurs through the 

adjacent tissue. Considering this is expecting the 
development of higher inflammatory response in 

the tissue associated with possible thermal 

injury areas caused by higher power output 
values selected on the CO2 laser system. 

However, in our study no statistically significant 

differences were registered between the 
plasmatic CRP levels Δ and the power output 

selected (p=0.94). These results could be related 

with the fact that only two different power 

output values were selected – 12 and 15 W. It is 
possible that this range of values was too short 

to allow us to verify significant variations 

regarding the thermal injury in the adjacent 
tissues to the incision line hit by the laser beam. 

Therefore, if a broader range of power output 

values was used, we could have obtained 

different results. Moreover, by always using the 
superpulse energy emission mode it might have 

influenced the obtained results since in this 

mode the CO2 Laser energy hits the tissues is 
briefly interrupted, allowing dissipating the 

locally generated energy along the adjacent 

tissues. By considering this, it is possible that if 
using a continuous energy emission mode, 

different results could be verifying when 
relating the plasmatic CRP levels Δ and the 

selected power output. Regarding the 

relationship between WBC count and plasmatic 

T0 CRP level, no statistically significant results 
were obtained (p=0.27 and Rho=-0.16). The 

results are not in accordance with those from 

Nakamura et al. (2008) [8], which identified a 
weak positive correlation between WBC counts 

and plasmatic CRP levels, verifying that the 

WBC counts above the reference range were 
correlated with increases in plasmatic CRP 

levels. This differences between results might be 

associated with the facts that no animals in our 

sample had WBC counts above the reference 
range, and the sample was composed only by 

females, contrary to the sample used by 

Nakamura et al. (2008) [8] that used animals of 
both genders, being known that males have 

higher WBC counts relatively to females [35]. 

5. CONCLUSION 

Being the plasmatic CRP an important 
biomarker of the inflammatory response, by 

measuring it variation in two peri-operative 

periods (T0- before surgery, and T1- 4 hours 
after the end of surgery) in patients submitted to 

surgical incisions made with CO2 Laser system 

and with scalpel blade, it was possible to verify 
statistically significant differences between both 

techniques, with lower plasmatic CRP levels 

being registered for patients submitted to CO2 

Laser surgery. Thus, the use of CO2 laser system 
in surgical incisions is associated with the lower 

inflammatory response of the incised tissues, 

promoting a better comfortable peri-operative 
period for the patient. 
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