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Abstract

for detecting inflammation after surgery in dogs.

C-reactive protein (CRP) is a major acute phase protein showing increasing serum concentrations in dogs with
systemic inflammation following e.g., surgery, trauma, infections, or neoplasia. CRP is a useful diagnostic marker of
systemic inflammation in dogs and automated assays have been validated for reliable measurements for routine
diagnostic purposes. In the present study available evidence for the use of CRP as a marker of surgery related sys-
temic inflammation in dogs was reviewed and assessed. Two main themes were in focus: (1) canine CRP as a potential
marker of postsurgical infectious complications and (2) canine CRP as a marker of the degree of surgical trauma. As
outlined in the review several studies suggest that CRP is a useful marker for both purposes. However, the evidence
level is limited and studies in the field are all affected by considerable risks of bias. Thus, further studies are needed in
order to confirm the assumptions from previous studies and increase the level of evidence for CRP as a useful marker
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Background

The acute phase response is a non-specific reaction to
any tissue stimulation disturbing the homeostasis e.g.,
surgery, trauma, infection, or neoplasia [1-3] and plays
an important role as part of the innate immune system
[1, 3]. During the acute phase-response concentrations
of acute phase proteins will change, reflecting the pres-
ence of circulating cytokines [1, 3, 4]. In dogs, C-reactive
protein (CRP) is a major acute phase protein showing
significant increases in concentration as a result of sys-
temic inflammation [1-3, 5]. The function of CRP has
been reviewed on several occasions, and includes sup-
pression of microbial growth, clearance of damaged tis-
sues, and regulation of the inflammatory response [1, 3,
6]. CRP is used as a diagnostic marker for detection of
systemic inflammation in dogs [5, 7, 8] and quantitative
measurements of canine CRP concentrations have been
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possible for more than 2 decades [9]. Several automated
assays are validated for reliable diagnostic measurements
of canine CRP and are used in clinical settings [10, 11].
CRP has become an integrated part of the routine blood
panel analyzed at veterinary clinical pathology laborato-
ries [5, 12] and inflammatory blood panels may be less
optimal if measurements of CRP or other acute phase
proteins are not included [13]. Compared to other mark-
ers of inflammation like body temperature and leukocyte
counts, CRP has been suggested to be a more sensitive
and reliable marker of systemic inflammation following
surgery in dogs [9, 14]. Consequently, it has been sug-
gested that routine measurements of CRP concentrations
could improve the assessment of postoperative inflam-
mation and clinical decision making during recovery
after surgery in dogs [9].

This review evaluates CRP as a marker of surgery
related systemic inflammation in dogs. Two clinically
relevant intervention questions are discussed, in relation
to the PICO components: population, intervention, com-
parison, and outcome, as recommended by O’Connor
etal. [15]:
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1. Does the serum CRP concentration deviate signifi-
cantly in dogs with infectious complications post-
surgery, when compared to dogs without such com-
plications?

2. Does the serum CRP concentration reflect the degree
of operative trauma following different categories of
surgery?

Search strategy and inclusion and exclusion

criteria for references

The study was based on broad PubMed, Web of Science,
Agris, and CAB Abstract database searches using the fol-
lowing key phrases: ‘(Canine OR dog) AND (CRP OR
“C-reactive protein”) AND Surgery’ Only articles in Eng-
lish were included. Articles older than 25 years, articles
not including dogs, not focused on surgery, or not includ-
ing CRP measurements were subsequently excluded.
Broad reviews of CRP not exclusively focusing on surgery
and scientific abstracts were excluded. Bibliographies
of relevant studies were searched and cross referenced
to identify any additional studies relevant for inclusion.
Data base searches were completed January the 28th
2015. The level of evidence of each study was objectively
scored according to Harbour and Miller [16]. The risk of
bias in each study was critically assessed based on the
questions outlined in Table 1. Outcome assessment was
based on quantitative CRP concentrations measured at
sequential time-points after surgery.

The degree of operative trauma was arbitrarily catego-
rized into three types of surgery. Thus, methods result-
ing in minor to moderate operative trauma (Category 1)
were those requiring analgesia and rehabilitation support
after surgery only to obtain full recovery, whereas meth-
ods resulting in major operative trauma were those also
requiring advanced clinical care and post-surgical hospi-
talization (Category 2) [14]. Endoscopic procedures were
categorized separately (Category 3), as minor inflamma-
tory responses could be expected following such proce-
dures compared to open surgery [14].

Complications included in the articles were critically
assessed based on previously defined criteria for post-
surgical complications in dogs [17].

Page 2 of 10

Review

Twenty-nine articles were included in this systematic
review as illustrated in the flowchart (Fig. 1). The articles
were divided in 4 groups according to their main objec-
tives as illustrated in Table 2. Study sizes, surgical proce-
dure, surgical category, and methods for measuring CRP
concentrations used in the 29 publications are also sum-
marized in Table 2. The studies included dogs undergoing
ovariohysterectomy, ovarioectomy, or pyometra surgery
(n = 14), different endoscopic procedures (n = 9), orchi-
ectomy (n = 4), or other surgical procedures (balloon
valvuloplasty, pericardiotomy, splenectomy, femoro-tibial
joint surgery, tooth extractions, and excision of super-
ficial tumours, n = 5), respectively. Male and female
dogs with a wide range of bodyweight (4—64 kg) and age
(3 months—14 years) were included in the studies, cor-
responding to the general population of dogs (Table 2).
Most studies were observational or quasi experimental
and were graded as evidence level 2 or 3 of 4, as defined
by Habour and Miller [16] (Fig. 2). The risk of bias graph
is shown in Fig. 2. Attrition, performance, and selection
bias were the dominating types of bias, especially defined
by insufficient information about inclusion and exclusion
of dogs and blinding of researchers, but several studies
were affected by other types of bias, which may affect the
results even more (Fig. 2). No studies were assessed to be
entirely free from bias and, consequently, all studies were
assessed to have considerable risks of bias (Fig. 2).

16 of the 29 studies measured CRP concentrations
as one of the primary outcome measures, whereas the
remaining 13 studies included CRP concentrations as
a secondary outcome measure, often as one of several
parameters collectively assessing the perioperative stress
response (Table 2). Consequently, the 16 studies measur-
ing CRP concentrations as a primary outcome measure
were considered the strongest for the particular focus of
the present review.

Changes in CRP as a predictor of prognosis

A single measurement of the pre-operative [20] or peak
concentration of CRP is currently of limited value in
the assessment of post-operative inflammation and thus

Table 1 Questions answered in order to assess bias in each of the 29 studies

Selection bias
Information bias
Performance bias
Detection bias
Attrition bias
Reporting bias
Other bias

Were included dogs representative for the population of dogs?

Were the criteria for classification of dogs in different groups defined and reported?

Were the researchers blinded from knowledge about the animals/groups when processing data?
Was the endpoint detectable? (e.g., was CRP measured at relevant time-points?)

Were exclusion criteria defined and patients lost to follow up reported?

Were reports free of suggestions of selective outcome reporting?

Was the study apparently free of other problems that could result in high risk of bias?
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Systematic Other source
database
search, n=1

n=120

Total studies

n=121
Included Excluded

n=29 n=92
* Studies not including dogs n=24
 Studies without surgical focus. n=53
* Studies not focused on CRP, n=4
* Studies >25 years old. n=6
* Review. abstract. or not available in English. n=5

Fig. 1 Flow-chart illustrating the inclusion and exclusion of studies
in the systematic review also summarizing inclusion and exclusion
criteria. The review was based on broad Pub Med, Web of Science,
Agris, and CAB Abstract searches resulting in 120 hits, when dupli-
cates were removed. Titles of studies and abstracts were analyzed for
relevance. Bibliography of relevant studies were searched and cross
referenced to identify any additional studies relevant for inclusion,
thus identifying one additional study. Finally 29 articles were included

the prognosis for the patient. As has been documented
for canine sepsis [46], meningitis [47] and polyarthritis
[48], changes in CRP concentration over time may be
more useful for monitoring of, and prognostic prediction
in, surgical patients [23, 38]. Thus, several studies have
identified a role for routine post-operative CRP measure-
ments in the detection of post-surgical complications [22,
25]. Increasing concentrations of CRP have been demon-
strated as early as 6 h after surgery [29], and maximum
concentrations have been observed after approximately
12-24 h [30, 38, 44]. Significantly increased concentra-
tions of CRP have been demonstrated for several days
after surgery [30, 31], followed by subsequent decline in
CRP concentration as the homeostasis is gradually re-
established during progression of normal postoperative
healing [25]. The decreasing of the CRP approaching
baseline concentrations have been demonstrated to hap-
pen at different time-points in different studies. While
baseline concentrations were reached 1 week after sur-
gery in one study [35] and 2 weeks after surgery in other
studies [27-29], baseline concentrations were, however,
still not reached after 17 days in yet another study [25].
Further studies are needed in order to explain these dif-
ferences and to define the exact time-points for nor-
malization of CRP concentrations post-surgery. In this
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process well-documented references for baseline CRP
concentration would be helpful. Even though it has been
demonstrated that baseline concentrations of CRP can
be objectively established [49, 50], reference intervals or
clinical decision limits were, however, not established
in the studies, representing a possibility of bias. With
well-established baseline CRP concentrations even small
fluctuations in concentration could help detect minor
inflammation and aid in clinical decision-making after
surgery.

In the study of Serin and Ulutas [22] baseline con-
centrations were not reached 7 days after surgery, but
might have been demonstrable later, if the study period
had been extended. However, this study may be affected
by analytical bias (Fig. 2) and results should therefore be
assessed with caution. Haptoglobin and ceruloplasmin
are other acute phase proteins measured in the study and
the concentrations of these proteins are approximating
baseline concentrations before CRP in this study [22],
which is contradicting the normal understanding of the
relative kinetics of these proteins [1], suggesting analyti-
cal bias (Fig. 2). Further, the standard deviations of CRP
concentrations are lower in this study [22] compared
to other studies using the same assay for CRP measure-
ments. This could probably also be explained by analyti-
cal bias.

Uncontested of these risks of bias, persistently high or
increasing concentrations of CRP have been suggested
to indicate an ongoing inflammatory process, e.g., as
a result of infection of the surgical wound [23]. To our
knowledge, only one study has, however, investigated
this in detail [23]. In this study, significant higher con-
centrations of CRP were found 3, 4, 7, 10, and 17 days
post-surgery in dogs with infectious complications after
surgery compared to dogs without such complications.
In dogs with infectious complications, increasing con-
centrations of CRP were observed until the antimicro-
bial spectrum of the antibiotic treatment was widened,
while decreasing concentrations of CRP were observed
at similar time-points with discontinued antibiotic treat-
ment in dogs with no signs of post-surgical infection
[23]. Several definitions of surgical complications can be
used in dogs [17]. In the study by Dabrowski et al. [23]
infectious complications were verified by positive cul-
tures [23], which might be useful as inclusion criteria
for dogs with such complications. However, infectious
complications were apparently not ruled out by negative
cultures from dogs with ‘normal postoperative periods’
and this might be a source of bias in the study (Fig. 2).
Consequently, further studies are needed in order to fur-
ther explore the usefulness of sequential measurements
of CRP as predictor of infectious complications after
surgery in dogs.
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Table 2 Overview of the 29 studies included in the review
Study focus Reference n  Sex, age (years), Surgical proce- Surgical cat- Primary Pre-surgery Method for CRP
BW (kg) dure egory outcome inflammation  analysis
Observational [18] 27 F2-10,5-30 Ovariohysterec- 1 CRP + TIAP
studies of CRP tomy
measured post- ) 20 F2-4,12-30 Ovariohysterec- 1 CRR.WBC,Temp  — ELISA®
surgery tomy
[20] 49 F0.75-12,10-64 Ovariohysterec- 1 CRP - TIAG
tomy
21 5 M,5-7,14-21 Orchidectomy 1 CRP - TiAP
[22] 6 F2-6,NS Ovariohysterec- 1 CRP — ELISA®
tomy
[23] 20 F4-12,NS Ovariohysterec- 1 CRP + ELISA®
tomy
[24] 16 F/M,0.25-3,4-39 Balloon valvulo- 1 CRP — ELISA®
plasty of pulmo-
nic stenosis
[25] 20 F 3-12,NS Ovariohysterec- 1 CRP + ELISAC
tomy
[9] 19 NS, NS, NS 5 different proce- 1and 2 CRP + ELISA, RPLA®
dures
Evaluation of [26] 12 F/M,NS, 10-34 Double balloon 3 Clinical outcome — NS
new surgical endoscopy of
methods intestine
[27] 12 NS, NS, 7-9 Endoscopic 3 Clinical outcome  — ELISAf
transumbilical
thoracic lung
biopsy
[28] 14 NS, NS, 7-11 Transtracheal 3 Clinical outcome — NS
endoscopy of
thorax
[29] 7 M,NS,13.2% Laparoscopic 3 Clinical outcome — P9
assisted colopexy
and sterilization
[30] 5 NS, NS, 20-28 Endoscopicova- 3 Clinical outcome — NS
riectomy
31] 7 F25%9° Laparoscopic- 3 CRP - ELISAP
sutured gas-
tropexy
Comparison of [32] 28 NS, NS, 7-10 Transoral vs. 3 Perioperative — ELISAf
different kinds conventional stress
of surgery thoracoscopy
[33] 32 F/M,0.5-8,NS Sterilization, 3 Tand3 CRP — TIA
techniques
[34] 20 NS, NS, 6-11 Transoral vs. 2and 3 Perioperative — ELISAf
conventional stress
thoracoscopy
[35] 8 NS, 08-5,15-25 Laparoscopicvs. 1and3 Perioperative — ELISA'
laparotomic stress
colopexy
[36] 24 NS, adult,25-30  Sternotomyand 2 Perioperative — ELISAP
pericardiotomy stress
vs. atriotomy
[37] 30 F NS, 11-38 Ovariectomy, 3 1and 3 Perioperative — ELISAP
techniques stress
[38] 43 F/M, >0.6,NS Ovariohysterec- 1 and 2 CRP + TIA
tomy vs. hemi-
laminectomy
[39] 15 F NS, 17.4° Splenectomy,3  2and3 Perioperative - LAT

techniques

stress
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Table 2 continued
Study focus Reference n Sex, age (years), Surgical proce- Surgical cat- Primary Pre-surgery Method for CRP
BW (kg) dure egory outcome inflammation  analysis
Changesin CRP  [40] 16 F3-14,17.3° Ovariohysterec- 1 CRP - MIA!
due to different tomy
treatments? 141 18 F15-4,12-20  Ovariohysterec- 1 CRP - ELISA®
tomy
[42] 45 F 2741197 Ovariohysterec- 1 CRP — ELISA™
tomy
[43] 46 F/M,2-3,20.7°  Ovariohyster-and 1 Perioperative — ELISAP
orchiectomy stress
[44] 20 F/M,95° 16.3° Ovariohyster-and 1 CRP — ELISAP
orchiectomy
[45] 12 F/M, 1.5-10, 12-45 Cruciate ligament 2 Perioperative + ELISA®

rupture and
patella luxation

stress

C-reactive protein (CRP). F female dogs, M male dogs, NS not specified

? Mean. Surgical categories: T minor/moderate surgery, 2 major surgery, 3 endoscopic procedures

b
c

9 Turbidimetric immunoassay, Randox Laboratories Ltd., Crumlin, UK

€ RPLA: Reversed passive latex agglutination

f

9 Immunoprecipitation, Reagent Konelab ThermoElectron, Cergy Pontoise, France
P Enzyme linked immnosorbent assay, Life diagnostics, Inc, West Chester, USA
I Enzyme linked immunosorbent assay, unspecified

J Turbidimetric immunoassay, Bayer CRP TIA, Newbury, UK

Enzyme linked immunosorbent assay, PharMingen, BD Biosciences, San Diago, USA

K Latex agglutination turbidimetry, Huma Tex CRP, In Vitro Diagnostica, Itabira, Brazil

' Magnetic immunoassay, LifeAssays Canine CRP Test Kit, Sweden

™ Enzyme linked immunosorbent assay, Alpco Diagnostics, Salem, NH, USA

Changes in CRP as a predictor of operative trauma
Minimizing tissue trauma and subsequent stress response
is a goal of surgery [42] and CRP is often included as an
objective marker in studies investigating this response
in dogs [37, 42, 43, 45]. CRP has on several occasions
been used in studies investigating new surgical proce-
dures for the veterinary clinic [26, 29, 31, 35], in studies
using dogs as model for human disease [27, 28, 30], and
in studies comparing different surgical procedures [32,
34]. In the last group several studies have compared sur-
gical trauma by comparing different surgical procedures
in different tissues [9, 33]. This approach may, however,
represent a risk of bias (Fig. 2), as stimulation of different
tissues might induce changes in the CRP concentration
differently.

In studies investigating laparoscopic splenectomy,
colopexy, and ovariohysterectomy with open surgery,
significantly lower concentrations of CRP have been
demonstrated in laparoscopic surgery compared to open
surgery in comparable tissues [33, 35, 39]. However, CRP

Turbidimetric immunoassay, CRP OSR 6147 Olympus Life and Material Science Europe GMbH, Lismeehan, O’Callaghan’s Mills, Co., Clare, Ireland
Enzyme-linked immunosorbent assay,Tridelta Development Limited, Kildare, Ireland

was measured as a secondary outcome measure in most
of these studies (Table 2) and all studies were affected by
considerable risks of bias (Fig. 2). The results of the stud-
ies should, consequently be interpreted with caution with
regard to CRP.

When changes in CRP concentrations were compared
with operative trauma across studies and surgical pro-
cedures, considerable variations were observed, which
could not be explained by different levels of surgical
trauma (Fig. 3). Thus, measured concentrations of CRP
did not reflect the category of surgical trauma (Fig. 3).
This was also the case when dogs were compared fol-
lowing ovariohysterectomy representing a homogenous
surgery group, as varying concentrations of CRP were
observed (Figs. 3, 4). Several possible explanations for
this variation should be considered.

One important factor could be the wide variety of
quantitative methods used for measuring CRP con-
centrations across the 29 studies included in the
review (Table 2). Even when using the same method
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for measuring CRP concentrations, varying concentra-
tions could be expected across different laboratories and
assay batches, particularly if the method was based on
polyclonal human antibodies and calibrated with human
CRP [12]. The different methods and laboratories used
across the 29 studies could, therefore, explain some of
the observed differences in CRP concentrations at spe-
cific time-points following similar surgical procedures
(Figs. 3, 4). The recent availability of a novel canine CRP
assay based on anti-canine CRP antibodies should limit
this effect in future studies ensuring stable cross-reactiv-
ity with canine CRP across different assay batches [10].
However, significant differences across CRP analyses
should be expected when older studies are reviewed.
Pre-surgical inflammation, resulting in increased CRP
concentrations before surgery (Table 2), could be another

important explanation of varying changes in CRP con-
centrations, not reflecting expected degrees of surgi-
cal trauma (Figs. 3, 4). Elevated concentrations of CRP
before surgery, e.g., as a result of trauma, as observed
in some orthopedic patients, or infections as observed
in patients suffering from pyometra, may only result in
limited, additional increases post-surgery. Elevated base-
line concentrations of CRP were, thus, observed in den-
tal, orthopedic, elective ovariohysterectomy, and cancer
patients included in the study of Yamamoto et al. [9] and
in 3 dogs before endoscopic transumbilical thoracic sur-
gical lung biopsy in the study of Wen et al. [27], but as
no other information regarding the level of preoperative
systemic inflammation was given in these publications,
the exact cause of these elevations are not known. This
kind of bias was avoided in most studies investigating
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K [29,n=7)

CRP following ovariohysterectomy or pyometra. Thus,
predefined criteria were used to ensure that included
dogs were clinically healthy before elective ovariohyster-
ectomy [18, 19, 22, 25], while in studies of pyometra, the
diagnosis was often confirmed by postsurgical histopa-
thology [18, 20]. However, despite such precautions and
standardized surgical procedures, significantly varying
CRP concentrations were measured across these studies
(Figs. 3, 4).

Another factor, which could explain that changes in
CRP concentration was not reflecting the degree of oper-
ative trauma (Fig. 3), could be the level of surgeon experi-
ence. It has been speculated that higher concentrations of
CRP may be expected in dogs following procedures per-
formed by inexperienced surgeons, probably as a result of
increased surgery time and tissue trauma in dogs oper-
ated by inexperienced surgeons compared to experienced
surgeons [42]. This factor should, therefore, be consid-
ered, when investigating the use of CRP as a marker after
surgery. Information about the surgeons’ experience was,

however, only available in 5 studies [38, 41-43, 45], and
the influence of the surgeons’ experience on the observed
differences in CRP concentrations in the present review
is therefore not known. However, further studies are
needed in order to investigate the importance and influ-
ence of surgical experience on post-surgical CRP con-
centrations. Because of the prolonged surgery time when
surgery was performed by inexperienced surgeons, fol-
low-up CRP was measured at a later time-point relatively
to start of surgery [42]. Consequently, higher concentra-
tions could be expected 6 h after surgery performed by
inexperienced surgeons, because of an extended time-
period from initiation of surgery to measurement of
CRP. In order to give more useful information about the
degree of surgical trauma in the two groups, maximum
concentrations should be compared. As maximum CRP
concentrations cannot be expected 6 h after surgery the
study period should be extended in order to reach this
goal. The limited study period in this study, thus, repre-
sents a possible source of bias (Fig. 2).
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several time-points after A elective ovariohysterectomy and B surgi-
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trations at different time-points (P < 0.05). When possible 95 %
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deviations stated in the studies. When information for 95 % Cl calcula-
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On the other hand, differences in anesthesia do only
seem to affect CRP concentrations to a limited degree. In
one study CRP was, thus, not induced in 6 dogs exposed
to anesthesia alone [36], and no differences in CRP con-
centrations have been demonstrated following varying
use of epidural analgetics [45], non-steroid anti-inflam-
matory drugs [41], or dog-appeasing pheromone [43].
Even though anesthetic protocols varied significantly
across the 29 studies included in the review, these differ-
ences should, therefore, not affect measured concentra-
tions of CRP. One study has, however, shown significant
lower concentrations of CRP as a result of treatment
with low doses of ketamine during and after surgery
[40], as also demonstrated in humans [51]. Ketamine was
included in the anesthetic protocols of 6 studies included
in the review [22, 27, 28, 32, 34, 41], and CRP concentra-
tions in these studies could potentially be affected when
compared to the remaining studies. However, other stud-
ies in human medicine have shown conflicting results
[52, 53] and the conclusions for dogs were all based on a
single study affected by considerable risks of bias (Fig. 2).
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Therefore, further studies are needed to confirm the
results and increase the level of evidence.

Conclusions

CRP might be useful as a marker of systemic inflamma-
tion after surgery in dogs, but currently the evidence
level is limited and affected by considerable risks of bias.
Thus, it is not possible to answer the PICO questions
asked above with the current level of evidence:

1. The serum CRP concentration may deviate signifi-
cantly in dogs with infectious complications post-
surgery, when compared to dogs without such com-
plications, but more evidence is needed to confirm
these assumptions and to establish criteria for the
differentiation of infections from normal post-surgi-
cal changes.

2. The serum CRP concentration may reflect the degree
of operative trauma following different categories of
surgery, but comparable studies based on comparable
study designs and comparable assays for CRP measure-
ments are needed to increase the evidence in this field.
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