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Abstract
Purpose This ambispective observational study aims to evaluate the local utility of peri-operative CRP testing and prophy-
lactic antibiotics in relation to post-operative complications in patients who have undergone major head and neck oncological 
reconstructive surgery.
Results A total of 79 patients were identified for inclusion; CRP testing was undertaken within the first 3 days postoperatively 
in 78/79 cases. Results demonstrated no benefit of extended prophylactic antibiotic use in reducing post-operative infection. 
Forty-two post-operative complications arose. In the prospective arm, CRP did not influence the decision to commence 
antibiotic therapy for any of the surgical site infections. Age, diabetes, smoking, or high body mass index (BMI) did not 
appear to affect the incidence of postoperative infection (p > 0.05). There is no evidence that more than 24 h of antibiotic 
prophylaxis is indicated for patients undergoing head and neck reconstructive surgery.
Conclusion Everyone who is involved in peri-operative patient care should be educated regarding the appropriate use of CRP 
testing, with the implementation of protocols required to standardize CRP testing and prophylactic antibiotic prescription.
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Introduction

Following major head and neck oncological reconstructive 
surgery, infective complications of the lower respiratory 
tract, urinary tract, or surgical wounds are common. The 
incidence of wound infection following major head and neck 
cancer surgery has been reported between 9.1 and 87% [1, 2] 
with significant implications for surgical outcomes.

It is imperative to monitor for evidence of post-operative 
infection, with the effective use of available special and hae-
matological investigations, to establish a source and enable 
rapid and judicious management, whilst maintaining effec-
tive antibiotic stewardship. Prophylactic post-operative 
antibiotics are sometimes employed in an attempt to reduce 
this risk; however, optimal regimes continue to be debated 
amongst experts and robust evidence for their extended use 
is lacking.

C-reactive protein (CRP) is a haematological marker 
that is commonly used to identify post-operative infection. 
It is synthesised and secreted by the liver in response to 
systemic inflammation [3]. In the post-operative setting, it 
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is proposed to guide an objective, rational use of antibiotics 
[4], with some studies suggesting that antibiotic initiation 
and treatment duration is reduced when CRP is used [5]. 
However, it is important to consider that CRP is also affected 
by comorbidities, non-infective inflammation, and trauma, 
including surgery itself [3, 6]. CRP is expected to rise in the 
first 3 days post-operatively; therefore, its use in this time 
period is limited and not recommended [7].

Limited evidence exists on the peri-operative use of CRP 
testing within head and neck microvascular reconstructive 
surgery and its influence on antibiotic prescribing for post-
operative complications. The aim of this observational pro-
ject was to determine our current practice by evaluating the 
clinical utility of CRP for post-operative monitoring, and 
antibiotic use in patients that have undergone major head 
and neck reconstructive surgery in our unit.

Materials and methods

This ambispective service evaluation was undertaken at the 
Queen Elizabeth Hospital, Birmingham, UK. All consecu-
tive patients that had undergone primary major head and 
neck reconstructive oncological surgery between 1 January 
2019 and 30 August 2019 were identified and case-records 
were analysed retrospectively; all cases between 1 Septem-
ber 2019 and 31 March 2020 were evaluated prospectively, 
without any alteration to the nature of patients’ treatment. 
The study was halted prematurely due to the COVID-19 
pandemic. The ambispective design was chosen, because 
it was felt that prospective data collection would not only 
allow more accurate recording of complications, but will 
also allow accurate recording of factors affecting decision-
making. The consultant clinicians were not aware that their 
decision-making was being observed to eliminate the Haw-
thorn effect [8]. No results from the retrospective component 
were shared prior to commencing the prospective arm.

Data was collected using a standardised electronic form 
on Microsoft Excel. The age, comorbidities, and operation 
completed in each case were recorded, in addition to the 
post-operative prophylactic antibiotic regime prescribed. 
The initiation and duration of subsequent antibiotics pre-
scribed throughout the inpatient stay were also identified 
from electronic, time-stamped drug charts. In parallel to this, 
information regarding any post-operative complications was 
recorded, including the clinical features and investigations 
undertaken. Post-operative complications were categorised 
into infective and non-infective complications, with infective 
complications further broken-down dependent on infection 
site. Surgical site infections were defined according to the 
Clavien-Dindo classification [9].

The frequency and timing of CRP testing was identified 
from electronic biochemistry flowsheet and analysed in 

relation to complications recorded and antibiotic prescrib-
ing. The blood samples were processed at the Department of 
Medical Biochemistry and Immunology at University Hospi-
tal Birmingham using a turbidometric immunoprecipitation 
assay on an Abbott Aeroset c8000 analyzer.

All descriptive and analytical statistical operations were 
performed using the R statistical language version 4.0.1 (x). 
Categorical data were analysed using Fisher’s exact test, 
parametric data were analysed using a 2-tailed t test, and 
non-parametric data were analysed using the Wilcoxon test.

Results

Patient demographics

A total of 79 patient-cases were identified for inclusion. Of 
these, 40 (50.6%) cases were analysed retrospectively and 
39 (49.4%) were analysed prospectively. The median age 
was 65 (range 22–84); 36 patients were female and 43 were 
male (Table 1). Patient comorbidities are summarised in 
Table 1, with the most prevalent being hypertension (n = 29). 
Patients underwent a variety of reconstructive surgeries and 
all except two had a tracheostomy placed intra-operatively. 
The mean length of inpatient stay was 17.2 days.

Post‑operative prophylactic antibiotic regimes

Patients were prescribed prophylactic broad-spectrum post-
operative antibiotics. There was heterogeneity in the duration 
of the prophylactic antibiotics, with a median duration of 
3 days, and a range of 1–9. The three most common regimes 
were 24 h (n = 23, 29.1%), 48 h (n = 16, 20.3%), and 5 days 
(n = 33, 41.8%) (Fig. 1). When patients were classified 
according to post-operative antibiotic regime (24 h, 48 h, or 
5 days), no statistically significant difference between the 
duration of post-operative antibiotics and the incidence of 
post-operative infection was identified (p = 0.357).

Post‑operative complications

A large proportion of patients experienced post-operative 
complications (34/79, 43%), with a total of 42 complica-
tions recorded and 9 patients experiencing multiple com-
plications (Fig. 2). Of these, 38/42 (90.5%) were infective 
and 4/42 (9.5%) were non-infective complications. Infective 
complications were divided into surgical site infection 18/38 
(47.4%); nosocomial infection 14/38 (36.8%), such as chest 
or urine; and infection of unknown origin 6/38 (15.8%). Sur-
gical site infections were classified by the Clavien-Dindo 
classification and were further categorised by location; 
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10/18 (55.6%) at the neck dissection site, 6/18 (33.3%) at 
the donor site, and 2/18 (11.1%) at the recipient site.

Surgical site infections arose at a mean of 13.4 (range 
4–31) days post-operatively. Most complications were 

Clavien-Dindo grade 2 (managed with pharmacological 
intervention alone—Table 2) [9].

Table 1  Patient demographics Retrospective arm
n = 40

Prospective arm
n = 39

Overall
N = 79

Gender
Male 22 21 43
Female 18 18 36
Age
Median 65 65 65
Range 27–84 22–84 22–84
Comorbidities
Cardiovascular Myocardial infarct 2 2 4

Arrhythmia 3 3 6
Hypertension 21 8 29
Angina/coronary artery disease 4 3 7

Respiratory Asthma 2 3 5
COPD 1 2 3

Gastrointestinal Alcoholic liver cirrhosis 1 1 2
Inflammatory bowel disease 0 1 1
Gastro-oesophageal reflux 0 2 2

Endocrine Diabetes mellitus 2 6 8
Hypothyroidism 7 2 9

Renal Chronic kidney disease 0 1 1
Neurological Stroke/TIA 0 1 1

Epilepsy 1 0 1
Rheumatologic Sjogren’s syndrome 2 0 2

Raynaud’s syndrome 1 0 1
Coagulopathy Coagulation disorder 1 0 1
Body weight BMI > 30 11 7 18

Median 25.7 25.5 25.5
Range 17.9–50.2 16.7–37.2 16.7–50.2

Substance abuse Alcohol 2 1 3
Smoking history Never smoked 25 18 43

Current/previous smoker 15 21 36
Operation details
Tracheostomy 39 38 77
Neck dissection Unilateral 31 27 58

Bilateral 9 12 21
Resection Soft tissue 17 23 40

Hard tissue 18 11 29
Both 5 5 10

Reconstruction Radial forearm 17 17 34
Fibula 10 5 15
Anterolateral thigh 4 14 18
Scapula 4 3 7
Pectoralis major 2 0 2
Deep inferior circumflex iliac artery 2 0 2
Jejunum 1 0 1
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Age, diabetes, smoking, or high body mass index (BMI) 
did not appear to affect the incidence of post-operative 
infection (p > 0.05).

The inpatient stay for those who developed post-operative 
complications increased from a median of 11, for those with-
out complications, to 17 days.

CRP utility

A total of 617 CRP tests were undertaken, with a median of 
7 per patient. In 46/79 (58.2%) cases, CRP was taken pre-
operatively, and 78/79 had CRP taken within the first 3 days 
after surgery. In 14/79 (17.7%) cases, CRP testing was 
undertaken on all three consecutive days post-operatively 
(Fig. 3). The median number of CRP tests undertaken in 
those without any recorded complication was 5.5, compared 
to 9 in those who experienced complications.

In 13/16 (81.3%) cases, CRP tests were taken on the day 
of surgical site infection diagnosis, with levels elevated in 

Fig. 1  Duration of post-oper-
ative prophylactic antibiotics 
and the proportion of patients 
who experienced post-operative 
infection

Included Pa�ents 
n = 79

Complica�ons = 42

Retrospec�ve
n = 40

Complica�ons = 24

Infec�ve
n = 23

Surgical Site 
Infec�on

n = 12

Neck Site, n = 8
Donor Site, n = 2

Recipient Site, n = 2

Nosocomial
n = 7

Respiratory, n = 3
Urinary, n = 3

Abdominal, n = 1

Unknown Source
n = 4

Non Infec�ve
n = 1

Venous Insufficiency, n = 1

No Complica�ons
n = 20

Prospec�ve
n = 39

Complica�ons = 18

Infec�ve
n = 14

Surgical Site 
Infec�on

n = 6

Neck Site, n = 2
Donor Site, n = 4
Recipient, n = 0

Nosocomial
n = 5

Respiratory, n = 3
Urinary, n = 2

Unknown Source
n = 3

Non Infec�ve
n = 4

Wound Dehiscence, n = 1
Arterial Insufficiency, n = 1

Acute Infarc�on, n = 2

No Complica�ons
n = 25

Fig. 2  Post-operative complications encountered

Table 2  Clavien-Dindo classification of post-operative complications

Clavien-Dindo classification (grade) Number of 
complica-
tions

2 37
3b 2
4a 3
5 1
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4/13 (30.8%) patients. In 5/13 (38.5%) cases, CRP only 
became elevated between 2 and 4 days after diagnosis. In 
the prospective arm, CRP did not influence the decision 
to commence antibiotic therapy for any of the surgical site 
infections. Notably, in one case, CRP was elevated 4 days 
prior to clinical suppuration; however, antibiotics were not 
commenced until clinical signs were seen.

Overall, 14/19 (73.7%) of nosocomial and unknown 
infections had CRP taken at the time of diagnosis. Of these, 
6/14 (42.9%) CRP values were elevated, 2 of which aided 
antibiotic commencement. Non-infective complications 
were not associated with increased CRP levels.

Discussion

In this ambispective study, we identified that CRP has lim-
ited predictive value for post-operative infective complica-
tions in head and neck reconstructive surgery and extended 
antibiotic prophylactic regimens had no clinical benefit in 
reducing post-operative infections.

Current practice

The lack of definitive protocols within the investigating 
unit has led to a wide variation in post-operative antibi-
otic use amongst head and neck surgeons. With the grow-
ing concerns about antibiotic stewardship, more evidence-
based prescribing is needed. There are still high rates 
of inappropriate prophylactic antibiotics used in surgical 
settings. In addition to improving patient safety, these 

measures will help combat antibiotic resistance and 
reduce costs [10]. A recent meta-analysis by Vila et al. 
[11] concluded that there is no benefit to extending pro-
phylactic antibiotic regimes from 1 to 5 days. Yet, another 
recent meta-analysis by Haidar et al. [12] suggests that 
whilst 24 h of antibiotics may be sufficient, it is difficult 
to draw definitive conclusions and highlights a need for 
further prospective trials. A balanced perspective is given 
by the British Association of Head and Neck Oncologists 
guidelines which advise that antibiotic regimes longer 
than 24 h have no additional benefit [13], which is coin-
cident with recommendations for prophylactic antibiotics 
in operative facial fracture cases [14]. Our study provides 
further evidence that corroborates these guidelines and 
demonstrates that there is no advantage of prophylactic 
antibiotics for greater than 24 h in patients undergoing 
head and neck reconstructive surgery.

The overall rate of complication in our study was 43%. 
Surgical site infection is documented in the literature as 
9.1–87% [1, 2]. Our results revealed a surgical site com-
plication rate of 18.8%. The risk of developing post-
operative complications has a substantial impact on the 
post-operative healing process and prolonged hospitalisa-
tion for further investigations and treatment [15]. Factors 
which have been associated with an increased risk of post-
operative complications in other studies include diabetes, 
higher BMI, tobacco use, hypothyroidism, and tracheos-
tomy placement [16–18]. However, in our cohort diabetes, 
higher BMI and tobacco use had no significant association 
with the incidence of post-operative infection. Due to our 
sample size, we were unable to evaluate the incidence of 

Fig. 3  Number of CRP tests 
undertaken post-operatively
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complications relating to hypothyroidism and tracheostomy 
placement.

CRP utility

National Institute of Clinical Excellence (NICE) guidance 
does not include CRP testing as part of their recommended 
routine pre-operative haematological investigations [19], yet 
over half of the patients in this cohort had CRP requested 
pre-operatively. Furthermore, despite an established evi-
dence base demonstrating a rise in CRP peaks at 48 h fol-
lowing surgical trauma, 78/79 (98.7%) patients had at least 
one CRP test taken within the first 3 days post-operatively. 
Following surgery CRP levels may elevate up to 100 times 
their basal concentrations in healthy individuals, before 
gradually declining in the absence of infection [20]. There-
fore, with no clinical benefit, it can be argued that CRP test-
ing in this period is unjustified. CRP is the most inappropri-
ately ordered blood test; with a CRP test costing on average 
£1.03, this can amount to a significant additional healthcare 
cost when considering multi-specialties and sites [21].

There is little evidence as to whether elevated CRP affects 
peri-operative clinical decisions in regard to managing post-
operative infection or complications in practice [7]. When 
evaluating patients presenting with infection, the CRP often 
peaks 3 days after the appearance of infective symptoms; 
hence, it cannot be used as a diagnostic marker in isolation, 
rather should be used in conjunction with clinical signs and 
special investigations [22]. In the setting of patients with 
known malignancy, and after undergoing major reconstruc-
tive surgery, the clinical value of CRP is even lower due to 
the lack of specificity and its delayed response. A rise in 
CRP was noted in less than half of the cases with infective 
complications. Additionally, this elevation most commonly 
occurred 2–4 days after the development of clinical signs 
which meant CRP did not influence clinical decision-mak-
ing. CRP did not reliably predict post-operative infective or 
non-infective complications.

There is reason to suggest that CRP is more valuable in 
monitoring response to treatment as opposed to establishing 
an infective diagnosis [23]. Although this was not evalu-
ated in this study, the role of CRP in post-operative care 
should be limited to monitoring response to treatment of 
infection [24, 25]. To improve the clinical utility of CRP, 
prevent unnecessary testing, and therefore improve the use 
of resources, it is essential to identify clear justification for 
testing.

Our study has provided an insightful evaluation of cur-
rent practice at a single unit, and highlighted areas for local 
improvement. Our findings have prompted the development 
of the following protocol in our unit: (1) Prophylactic post-
operative antibiotics are to be administered for only 24 h 
after major head and neck reconstructive surgery. (2) CRP 

will not be tested pre-operatively, or within the first 3 days 
post-operatively. (3) CRP will only be requested if there is 
clinical suspicion of infection for monitoring response to 
treatment. As well as the surgical team, these changes have 
been disseminated to the pre-admission and critical care 
teams who are involved in the request of haematological 
investigations in the immediate peri-operative period. How-
ever, it is difficult to draw more general conclusions from 
the small heterogeneous cohort presented. Larger prospec-
tive studies are required which may also consider alternative 
haematological markers such as neutrophil counts.

Conclusions

CRP is expected to rise post-operatively, with a peak on day 
3 as part of the normal inflammatory response to surgery. 
There is no indication to routinely request CRP levels during 
this period, or at pre-assessment. CRP was not reliable as a 
predictive marker of post-operative complications. All teams 
who are involved in peri-operative patient care should be 
educated regarding the judicious use of CRP testing.

Within this cohort, there was no evidence to suggest that 
more than 24 h of antibiotic prophylaxis is indicated for 
patients undergoing head and neck reconstructive surgery.
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