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C-reactive protein (CRP) is an acute-phase protein used clinically to diagnose infectious and inflammatory dis-
ease and monitor response to treatment. CRP measurement in the peri-operative period was audited and patterns of change

analysed for elective general surgical patients.

General surgical patients (201) admitted for elective general surgery over a 3-month period were con-
sidered for the study. CRP results pre- and postoperatively were recorded, and data on co-morbid conditions and surgical pro-

cedure were noted.

CRP was requested pre-operatively on 84% of patients. A high CRP was more likely to be found in patients with
co-morbidity. Postoperatively, CRP was requested during the first 3 days on 69% of patients. CRP peaked at postoperative
days two or three, and then fell. In patients who had a high pre-operative CRP, the peak CRP was higher and occurred later,

than those who had a normal pre-operative CRP.

CRP requesting pre-operatively is common, but is not recommended in NICE guidelines. Postoperatively, CRP
levels rise; as a result, its use as a tool to screen for infection is limited. CRP has a role in diagnosis of infection after the first
three postoperative days and in monitoring response to treatment. Therefore, routine use of CRP measurements pre-operatively
and in the first 2 or 3 days post-operatively is not recommended. A peri-operative CRP should only be requested if there is a

clear clinical indication.
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C-reactive protein (CRP) is an acute-phase protein with a
half-life of 19 h.! It is an acute-phase reactant synthesised
and secreted by the liver, largely in response to interleukin-
6 and other pro-inflammatory cytokines. CRP binds to
various ligands including phospholipids exposed on
bacterial surfaces, damaged and dying eukaryotic cells, and
cellular nuclear debris. Once bound, CRP activates the
classical complement cascade, binds Fcy receptors and
stimulates phagocytosis (for review, see Black et al.?). A rise
in CRP concentrations in serum may be seen with infection,
inflammation, trauma, malignancy and tissue infarction.? It
is, therefore, not specific for a particular disease. A rise in
CRP may be seen earlier in a disease process than other
non-specific markers (e.g. fever), and falls rapidly on
resolution of inflammation.> CRP may, therefore, be useful
as a screening test to detect an inflammatory response early
in its course, and also for monitoring disease activity and
response to therapy in conditions where CRP is raised.

The National Institute for Health and Clinical Excellence
(NICE) has recently published guidelines on pre-operative
testing for elective surgery.* These guidelines do not recom-
mend routine CRP testing on patients admitted for elective
surgery, although this was not explicit since CRP was not
considered as part of the panel of pre-operative tests exam-
ined. No guidelines on post-operative testing have been
published to date. The aims of this study were to: (i) exam-
ine the practice of pre-operative CRP requesting in a UK
teaching hospital and compare this with the NICE guide-
lines; and (ii) analyse the practice of postoperative CRP test-
ing and review the existing literature such that guidelines
could be set.

All patients admitted to the University Hospital of Wales
(UHW) for elective surgery under general surgeons during

Ann R Coll Surg Engl 2008; 90: 317-321 317



COLE WATTS SCOTT-COOMBES AVADES

October, November and December 2005 were considered
for the study retrospectively. The study was approved by the
Department of Clinical Audit at UHW. Patient details were
provided by the Department of Clinical Audit and data on
CRP requesting and co-morbidity were collected using
Cardiff and Vale NHS Trust Clinical Portal and examining
patients’ clinical notes. CRP results were collected on
patients pre-operatively (pre-operative admission clinic or
following admission and before surgery) and on the first 5
days postoperatively, where requested by attending
clinicians. Patients who had prolonged pre-operative
admissions (= 5 days) were excluded from the study. CRP
was measured in the Department of Medical Biochemistry
and Immunology at UHW wusing a turbidometric
immunoprecipitation assay on an Abbot Aeroset ¢8000
analyser. Statistical analysis was carried out using the
unpaired i-test. Statistically significant differences were
identified as P < 0.05.

A total of 201 patients were admitted from the waiting list
for general surgery during October, November and
December 2005, under 12 general surgeons. Nine patients
subsequently excluded from the analysis for
prolonged pre-operative admission. Results showed 84% of
patients had their CRP checked pre-operatively (Fig. 1).
Table 1 demonstrates that 56% of patients who had CRP
checked had CRP in the normal range (< 6 mg/1). 5% had a

were

Cumulative CRP results on 164 pre-operative
elective surgery patients

CRP (mg/l) Patients (%)
<6 56
< 10 74
<20 91
<30 95

CRP > 30 mg/l. The remainder had mild elevations in CRP
(40%). Table 2 shows that where patients had no recorded
co-morbidity, CRP measurements were lower than where
co-morbidity was recorded (P < 0.001; unpaired ¢-test).
When co-morbidity groups were analysed (Table 2),
patients with cancer, diabetes and renal disease showed
most patients with high CRP (= 30 mg/l) on admission,
although there were only a small number of patients with
renal disease.

A total of 402 CRP requests were made pre-operatively
and during the first 5 days postoperatively during the study
period. Postoperatively, 69% of patients had CRP checked
one or more times in the first 3 days; the majority had it
checked on day 1 (Fig. 1). After the third postoperative day,
less than 20% of patients had their CRP checked. Figure 2
shows that, where tested, CRP was raised in the first 3 days
following surgery, and that this peaked at day 2. CRP levels
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Peri-operative CRP requests for elective surgery,
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CLINICAL UTILITY OF PERI-OPERATIVE C-REACTIVE PROTEIN
TESTING IN GENERAL SURGERY

Table 2

No co-morbidity Co-morbidity
No. of patients 37 127
CRP < 6 mg/l (%) 70 52
CRP < 10 mg/l (%) 92 69
CRP < 20 mg/l (%) 100 88
CRP < 30 mg/l (%) 100 93

CA DM CVsS RS Renal
53 21 53 29 8
42 43 51 38 25
58 62 66 55 50
83 81 89 83 62
89 86 96 97 75

Patients may have more than one co-morbid condition. Conditions grouped according to category. Cumulative results shown.
Co-morbidities: CA, cancer; DM, diabetes mellitus; CVS, cardiovascular system; RS, respiratory system.
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Figure 2 CRP concentrations following elective surgery. Data shown
as median (solid line) and interquartile range (dashed lines).
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Figure 3 Postoperative CRP responses comparing high pre-opera-
tive CRP (dashed line; n = 73) and low pre-operative CRP (solid
line; n = 90). Data are shown as mean + SEM. *P < 0.05.

subsequently fell over the following 2 days. The postopera-
tive CRP profile was also compared between those patients
with a normal pre-operative CRP and those with a high pre-
operative CRP (Fig. 3). Those with a high pre-operative CRP
peaked postoperatively at day 3, compared to those with a
normal CRP, who peaked at day 2. The high CRP group also
had postoperative CRP levels that remained elevated for
longer. The difference between the two groups was statisti-
cally significant (P < 0.05) on days 0, 3 and 4 postoperative-
ly. The correlation coefficient » between surgical grade and
pre-operative CRP was 0.032, indicating no correlation
between the two variables.

Discussion

This study has demonstrated that CRP testing is a common
practice in pre-operative assessment of elective general
surgery patients, and that the majority of patients also have
CRP measured postoperatively. Pre-operatively, most
patients with no co-morbidity had a normal or only slightly
elevated CRP. Where co-morbidity was present, CRP results
were more likely to be abnormal. Current NICE guidelines
do not recommend routine CRP testing in pre-operative
assessment of elective surgery patients.*

Pre-operative measurement of CRP has been shown to
be a prognostic indicator for both oesophageal and colorec-
tal carcinoma.>” This is due, in part, to the secretion of CRP
by the tumour® and was shown to be independent of tumour
stage. There is some evidence that patients with a raised
pre-operative CRP who undergo oesophagectomy are more
likely to develop postoperative complications,’ although this
may be confounded by other variables and does not relate
specifically to infection. In patients undergoing cardiac sur-
gery, a raised pre-operative CRP has been shown to be a risk
factor for postoperative infection and predicts higher in-
hospital mortality.>!° It has, therefore, been suggested that
pre-operative CRP measurement may be useful to risk-
stratify cardiac surgery patients. However, it is unclear how
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patient management would be altered as a consequence of
finding a high CRP, and there are no data to indicate that
clinical decisions taken on this basis influence the rate of
infection or other surgical complications. We suggest that
further studies are needed to assess whether reducing
inflammatory status and, therefore, CRP in patients with
chronically activated immune systems prior to surgery
makes a difference to outcome. We also suggest that, if CRP
is to be measured prior to surgery, it should be done early
enough to influence pre-operative and surgical manage-
ment without delaying the scheduled operation. It should,
therefore, not be assessed in the immediate pre-operative
period, where the focus is on assessing the patient for likely
anaesthetic and surgical complications. In addition, the non-
specific nature of CRP measurements suggests results should
be interpreted with caution when used to evaluate prognosis
and the likelihood of postoperative complications.

A rise in CRP is known to occur as a result of surgical
trauma, and peaks at 48 h postoperatively.!"'> However, the
CRP response in individual patients is highly variable,'! and
in some patients may be incomplete or even absent.!> Some
authors have noted a link between the peak postoperative
CRP response and degree of surgical trauma,'* but we did
not find such a correlation when assessing CRP response to
different grade surgical procedures. However, our study
was not designed to identify such a link, and most studies
indicate that lower CRP responses are seen in laparoscopic
procedures compared to the equivalent open procedure,'>'0
although not all studies agree.!* It was noted that CRP was
measured postoperatively in the majority of patients we
studied; therefore, we analysed these results further. This
showed that CRP, where measured, was raised in the post-
operative period, peaked at days 2-5 and then fell. This con-
firmed that a raised CRP is to be expected postoperatively in
a wide range of elective surgical procedures and agrees
with previous studies. We also noted that patients with a
high CRP pre-operatively had, on average, a higher and
later CRP peak postoperatively than did those that had a
normal CRP response, a finding that has also been noted in
cardiac surgery patients.!° This did not appear to correlate
with surgical operation grade, and may be a consequence of
inflammatory co-morbidity in addition to surgical trauma.
Importantly, it is these patients who have been shown to be
at increased risk of infection postoperatively; the increased
CRP response noted, therefore, makes the use of CRP as a
screening tool for infection even more problematic in this
situation.

We did not see any correlation between CRP level and
occurrence of infection in the first 3 days; indeed, other
studies have confirmed that CRP is not a good indicator of
the presence of early postoperative infection.!” However, a
rising CRP after the second or third postoperative day may
indicate infection,'>!82° and CRP has a clear role in monitoring
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clinical response to treatment when infection is diag-
nosed.?! Some authors have advocated developing refer-
ence ranges for postoperative CRP levels?> and the use of
two or more markers in detecting infection after the third
post-operative day;*® at present, it is not clear if such an
approach would be of general use since studies so far have
looked at specific types of operation in determining refer-
ence ranges.

Routine use of CRP measurements pre-operatively and in
the first 2-3 days postoperatively is not recommended. The
trauma of surgery confounds results and makes
interpretation difficult. If CRP is to be used for screening for
infection in high-risk patients, levels should be checked on
the 3rd and 5th postoperative days. Further investigations
should be instituted if a rise in CRP is seen. In line with
general recommendations in the NICE guidelines, a peri-
operative CRP should be requested only where there is a
specific clinical reason for doing so, i.e. the result is likely to
alter patient management, or is required to monitor
response to treatment.
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