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Background: Post-operative complications are the main contributing factor to increased length of
stay, increased cost of care and short-term mortality experienced by patients following gastrectomy. The
purpose of this study was to determine the diagnostic accuracy of C-reactive protein (CRP) in predicting
complications following gastrectomy. This may assist clinicians to make better informed clinical decisions in
the post-operative period.

Methods: A retrospective analysis of a prospectively maintained database was performed. Sixty patients
who underwent gastrectomy for gastric cancer were included. Demographic information, operative data and
post-operative details such as complications, unplanned intensive care unit (ICU) admission and readmission
to hospital were analysed. Complications were further analysed based on whether they were either infective
or non-infective in nature. Receiver operator characteristic (ROC) analysis was performed to examine the
association between CRP and post-operative morbidity. Optimum cut-offs were determined using the
Youden’s index.

Results: From the second post-operative day (POD), CRP levels were able to predict subsequent severe
infective (SI) complications following gastrectomy [area under the curve (AUC): 0.789, 95% CI : 0.636—
0.941]. An optimum cut-off of 180 mg/L resulted in a sensitivity of 87.50%. The negative predictive value
(NPV) at this point was 96.30%.

Conclusions: CRP is a strong negative predicter of SI complications following gastrectomy. This suggests
early CRP values may be useful in prompting early investigation or facilitating safer, earlier discharge from
hospital. Health services may benefit by determining similar cut-offs based on their own unique patient

populations.
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Introduction

Post-operative complications following gastrectomy have
severe consequences for patients in terms of length of stay,
overall mortality, and long-term health related quality
of life (1-3). There is a strong correlation between post-
operative morbidity and poorer cancer specific survival
(4,5). Furthermore, post-operative complications are
strongly associated with increased costs of care (6). The
literature demonstrates that prolonged length of stay in
hospital is associated with an increased risk of nosocomial
infection (7). Accordingly, safely discharging low risk
patients earlier from hospital has multiple potential benefits.

Simple methods for predicting and excluding developing
complications are likely to be useful. If successfully
validated, this tool may assist clinicians to recognise and
treat developing complications more swiftly and help
identify patients who are unlikely to develop a complication.
Identifying patients who can be safely discharged ‘early’
reduces the burden on hospital resources and economic
pressures (8). A clinically useful tool to predict morbidity
will help contribute to a safer and more efficient healthcare
system.

C-reactive protein (CRP) is a non-specific inflammatory
marker produced in the liver in response to interleukin-6
released from macrophages and T cells (9). It functions by
binding to receptors on cells to initiate the complement
system (9,10). Ultimately, this promotes the ingestion and
destruction of these cells (9). There is a well-established
association between higher levels of CRP and a mounting
inflammatory response (10-12). Therefore, it is reasonable
that CRP may have a role in predicting post-operative

Highlight box

Key findings
® C-reactive protein (CRP) is a strong negative predicter of severe
infective complications following gastrectomy.

What is known and what is new?

® CRP can be used in the post-operative period to help predict post-
operative complications.

®  Our research suggests CRP can be predictive as early as post-
operative day 2 for this patient cohort.

What is the implication, and what should change now?

® CRP values may be useful in prompting early investigation or
facilitating safer, earlier discharge from hospital. Health services
may benefit by determining similar cut-offs based on their own
unique patient populations.

© Journal of Gastrointestinal Oncology. All rights reserved.

65

complications (13).

CRP has shown some capacity to predict complications
following gastrectomy (14-21). Despite this, there is
discrepancy in the diagnostic accuracy and optimum cut-
offs (14-21). Furthermore, published literature examining
CRP post-gastrectomy does not remove patients from
the analysis following the diagnosis of their most severe
complication. This may skew the true diagnostic accuracy
of CRP and thus the reliability of the test applied in
clinical practice. Evaluation of the daily change in CRP
for predicting complications for this cohort has not been
extensively examined. This was adopted with the hypothesis
that this would better reflect the underlying physiological
process on a day-to-day basis, rather than a cumulative
basis. Given that CRP is a cheap, minimally invasive and an
easy test to perform, expanding its diagnostic utility is likely
to be beneficial. We present the article in accordance with
the STARD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-675/rc) (22).

Methods
Participants

Patients who had an elective or emergency gastrectomy for
the treatment of gastric malignancy at a tertiary referral
centre between June 2014 and April 2021 were included in
this study. Participants were excluded if the operation was
performed with palliative intent, they were under 18 at the
time of surgery, or their surgery was abandoned because of
the inoperable nature of the cancer.

Data collection

Data points were collected and prospectively maintained
using the REDCap electronic platform, hosted at the
University of Melbourne (23,24). Deidentified parameters
included gender, age at time of surgery, body mass index
(BMI), Charlson Comorbidity Index, type of surgery
performed, method of access, operation time and total
blood loss during the operation. Details regarding the
histopathology were also collected. CRP levels were
recorded on the day of surgery and for the following
7 days when available. Post-operative complications, the
post-operative day (POD) of diagnosis, Clavien-Dindo
gradings, the 30- and 90-day mortality rates were also
contemporaneously recorded (25). Other measures of
morbidity such as unplanned intensive care unit (ICU)
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admission and readmission within 30 days were included.

Complications were defined based on the documentation
by the treating team. Complications with a Clavien-Dindo
Grading >3a were classified as severe (25). They were
further divided into infective and non-infective. Infective
complications included all forms of sepsis. This includes
pneumonia, genitourinary, wound infection, biliary sepsis,
abdominal sepsis, mediastinitis, duodenal stump leaks and
anastomotic leaks. Non-infective complications included
atelectasis, pneumothorax, pleural effusion, cardiac arrest,
myocardial infarction, dysrhythmia, heart failure, hypoxia,
nausea, subcutaneous emphysema, acute kidney injury,
ileus, pancreatitis, hernia, deep vein thrombosis, pulmonary
embolus, stroke and haemorrhage.

Statistical analysis

A retrospective analysis examining the association
between CRP following gastrectomy and post-operative
complications was performed using STATA 16.1 (StataCorp,
College Station, TX, USA). CRP was the independent
variable. The dependent variables included complications,
unplanned ICU admission and readmission within 30 days.

The predictive capacity of CRP for each POD was
assessed with receiver operator characteristic (ROC)
analysis. These curves were compared using the area
under the curve (AUC) with a confidence interval of
95% determined using the DeLong approach. The AUC
serves as a measure of diagnostic accuracy. An AUC with
a statistically significant result >0.500 was considered
as having diagnostic usefulness (26). These PODs were
subsequently analysed using the Youden’s index (27). This
statistical method determines the optimum cut-off based on
the sum of sensitivity and specificity of each discrete value
in the data set. Further analysis was performed to assess
the positive (PPV) and negative predictive values (NPV) of
these cut-offs. This method was also applied to unplanned
ICU admission and readmission.

Our method omitted patients from the study on
subsequent PODs following diagnosis of their most severe
complication. This assists in removing confounding factors
which influence CRP as either sepsis initially worsens
or as complications are treated. This was adopted with
the hypothesis it would better reflect the ability of CRP
to predict complications. Ultimately, this would assist
clinicians to make better informed decisions throughout the
post-operative period.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Patients were
consented for data collection and subsequent analysis.
The study was reviewed and approved by the St Vincent’s
Hospital Melbourne Human Research Ethics Committee
(HREC), which is registered with the National Health and
Medical Research Council (No. HREC/16/SVHM/127).
The full protocol can be accessed by contacting the
corresponding author.

Results
General

Sixty patients, 41 (68%) males and 19 (32%) females were
included; 34 (57%) patients had a partial gastrectomy, 20
(33%) patients had a total gastrectomy, 6 (10%) had an
extended total gastrectomy. Of the total cohort, 34 (57%)
patients experienced a post-operative complication; 11
(18%) patients were specifically diagnosed with a severe
infective (SI) complication (7able 1). The SI complications
comprised of four patients with pneumonia, three patients
with abdominal sepsis, two patients with esophagoenteric
leaks, one patient with a duodenal stump leak and one
patient with genitourinary sepsis requiring dialysis; 20 (33%)
patients had multiple complications; 11 (18%) patients were
readmitted within 30 days and 4 (7%) had unplanned ICU
admissions. One patient died within 30 days (2%) and 3
within 90 days (5%). Given that CRP is synthesised in the
liver, no participants had a pre-operative diagnosis of liver
cirrhosis or impaired liver function (9).

Predicting complications

POD 2 was the earliest day following surgery which
demonstrated significant results for predicting SI
complications following gastrectomy. An optimal cut-
off of 180 mg/L (AUC: 0.789, 95% CI: 0.636-0.941)
achieved a sensitivity and specificity of 87.50% and 66.67%
respectively. It also demonstrated a PPV of 35.00% but a
NPV of 96.30% (1able 2 and Figure I). The ACRP only
demonstrated significance between POD 1 and 2 (AUC:
0.863, 95% CI: 0.727-0.999). An increase of 64 mg/L
between these days resulted in a PPV and NPV of 37.50%
and 100.00% respectively.

Overall complications were best predicted on POD 3
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Table 1 Demographic and clinical information of patients who underwent a gastrectomy
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Demographical and clinical information All patients No complications Severe infective Overall complications
Number, n [%] 60 [100] 26 [43] 11[18] 34 [57]
Male 41 [68] 17 [65] 8 (73] 24 [71]
Female 19 [32] 9 [35] 3[27] 10 [29]
Age, mean + SD (years) 65+15 58+18 73+9 71+11
BMI, mean = SD (kg/m°) 26+5 25+5 28+4 27+5
Charlson Comorbidity Index, n [%]
0-3 12 [20] 9 [35] 4 [36] 31[9]
4-7 45 [75] 16 [62] 5 [45] 29 [85]
8-10+ 3[5] 11[4] 2[18] 2 [6]
Type of operation, n [%]
Partial 34 [57] 18 [69] 6 [55] 16 [47]
Total 20 [33] 7 [27] 2[18] 13 [38]
Extended total 6 [10] 1[4] 3 [27] 5[15]
Method of access, n [%)]
Open 42 [70] 17 [65] 10 [91] 25 [74]
Laparoscopic 18 [30] 9 [35] 119] 9 [26]
Total operative time, mean + SD (min) 309+103 290+60 349+142 334+123
Total blood loss, mean + SD (mL) 209+163 142+116 309+156 261+176
Tumour type, n [%]
Adenocarcinoma 44 [73] 17 [65] 10 [91] 27 [79]
Neuroendocrine 23] 11[4] 0[0] 11[3]
Other 14 [23] 8 [31] 1[9] 6[18]
CRP (mg/mL), median [range] [n]
POD DOS 33 [12-218] [11] 36 [12-109] [6] 218 [218-218] [1] 14 [12-218] [5]
POD 1 75 [8-178] [42] 75 [15-158] [21] 97 [32-178] [8] 74 [8-178] [21]
POD 2 167 [24-354] [47] 106 [24-207] [21] 197 [155-354] [8] 195 [80-354] [26]
POD 3 168 [41-387] [38] 109 [41-237] [21] 242 [111-387] [7] 259 [111-387] [17]
POD 4 118 [17-364] [43] 77 [17-219] [24] 236 [72-335] [8] 211 [72-364] [19]
POD 5 99 [20-404] [36] 62 [20-190] [21] 144 [58-404] [9] 144 [58-404] [15]
POD 6 78 [24-336] [31] 48 [24-145] [19] 150 [69-251] [7] 152 [63-336] [12]
POD 7 57 [16-368] [29] 51 [16-170] [18] 116 [54-351 [8] 114 [54-368] [11]

BMI, body mass index; SD, standard deviation; CRP, C-reactive protein; POD, post-operative day; DOS, day of surgery.
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Table 2 Diagnostic accuracy of C-reactive protein in predicting complications following gastrectomy for significant results

POD AUC (95% Cl) Cut-off (mg/L) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Severe infective complications—daily CRP
POD 2 0.789 (0.636-0.941) 180 87.50 66.67 35.00 96.30
POD 3 0.786 (0.606-0.956) 200 85.71 67.74 37.50 95.45
POD 4 0.796 (0.623-0.971) 131 87.50 71.43 41.18 96.15
POD 5 0.815 (0.658-0.976) 106 88.89 74.07 53.34 95.24
POD 6 0.770 (0.588-0.948) 63 100.00 54.17 38.89 100.00
POD 7 0.824 (0.666-0.983) 108 62.50 90.48 71.43 86.36

Overall complications —daily CRP
POD 2 0.858 (0.751-0.965) 167 76.92 85.71 86.96 75.00
POD 3 0.947 (0.880-1.000) 176 94.18 90.47 88.89 95.00
POD 4 0.900 (0.810-0.991) 131 78.95 91.67 88.24 84.62
POD 5 0.864 (0.740-0.994) 102 86.67 80.95 76.47 89.47
POD 6 0.868 (0.743-0.994) 49 100.00 63.16 63.18 100.00
POD 7 0.864 (0.732-0.995) 51 100.00 61.11 61.11 100.00

AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; CRP, C-reactive protein;

POD, post-operative day.

with an optimal cut-off of 176 mg/L (AUC: 0.947, 95% CI:
0.880-1.000). This resulted in a PPV and NPV of 88.89%
and 95.00% respectively (Table 2). The ACRP between
POD 2 and 3 were the result that demonstrated significant
findings (AUC: 0.684, 95% CI: 0.502-0.866). An increase
of 23 mg/L between these days resulted in a PPV of 69.23%
and NPV of 68.18%.

Readmission and unplanned ICU

Readmission within 30 days was generally not well predicted
by CRP. Significant results were only demonstrated on
POD 2 (AUC: 0.791, 95% CI: 0.643-0.939). The Youden
Index revealed a cut-off of 180 mg/L yielding a sensitivity
of 88.89% and specificity of 68.42%. This was accompanied
by a PPV and NPV of 40.00% and 96.30% respectively.
No POD demonstrated significant results in predicting
unplanned ICU admission.

Discussion

This series presents data supporting CRP as a simple test
which can assist in guiding early investigations and with a

© Journal of Gastrointestinal Oncology. All rights reserved.

high accuracy, predicting the absence of SI complications
following gastrectomy. Based on this data we recommend
CRP as a useful supplemental tool to assist with clinical
decision making in the post-operative period following
gastrectomy. In particular, the strong NPVs early in
the post-operative course implies that CRP may have a
supportive role in expediting discharge in some patients and
thus reduce length of stay and associated issues (6).

CRP has previously been reported as a useful negative
predictor of complications following gastrectomy
(15,17,19). The diagnostic accuracy and optimum cut-
off result reported in this series is similar to other
published literature. Shishido er al. reported a cut-off of
177 mg/L on POD 3 as optimal for predicting SI
complications (19). Similarly, Zhang er al. found a cut-
off of 172 mg/L on POD 3 was best at predicting major
infective complications following laparoscopy-assisted
gastrectomy (14). Individual studies are likely to show
variance according to different patient cohorts, surgical
techniques and other management protocols. As such, to
best use CRP as a discharge tool, individual institutions
should assess their own local data to evaluate local cut off
values. Notably, our method of omitting patients from the
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Figure 1 Receiver operator criterion curves for C-reactive protein
predicting severe infective complications on post-operative days 2
(AUC: 0.789), 3 (AUC: 0.786), 4 (AUC: 0.796), 5 (AUC: 0.815), 6
(AUC: 0.770) and 7 (AUC: 0.824). CRP, C-reactive protein; POD,

post-operative day; AUC, area under the curve.

study following diagnosis of their most severe complication
did not seem to have an appreciable numerical difference
to the final values compared to these studies (14,15,17,19).
Our results demonstrated significance as early as POD 2.
This suggests CRP may have a role in earlier detection
in post-operative complications than previously reported
(14,15,17,19). Clearly, CRP is not diagnostic in isolation
and should be interpreted in the context of the patient’s
overall clinical picture. The determined CRP cut-offs could
be incorporated into management protocols to prompt
consideration of clinical decisions such as further imaging
or other investigations.

In some other series, CRP has been found to have
poorer diagnostic accuracy compared to our findings.
Spith et al. performed a similar study but expanded their
cohort to include all upper gastrointestinal surgeries (28).
One hypothesis to explain this difference is that their
results were skewed by including multiple surgery types

© Journal of Gastrointestinal Oncology. All rights reserved.
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including patients undergoing hepatectomy. These patients,
in particular, have poor hepatic reserve, and blood tests
dependant on liver function may not accurately reflect
a developing complication (29). The expected increase
in CRP also varies between the surgical approach (i.e.,
open vs. laparoscopic) (30). Patient-specific factors such as
comorbidities, ethnicity, lifestyle variables and genetics can
also alter CRP concentrations in the body (31,32). Treating
teams should be cognisant of inter-individual variabilities
when interpreting and applying results.

The ACRP did not demonstrate statistically significant
higher diagnostic accuracy than daily CRP for predicting SI
complications. Although useful results were noted between
POD 2 and POD 3, there were no significant results on any
other day. CRP naturally rises early in the post-operative
period because of the trauma associated with the surgery.
Overall, we did not find that the daily change in CRP
yielded clinically more useful results.

CRP exhibited a poor capacity to predict unplanned ICU
admission. Admission to ICU can occur for a multitude
of reasons other than complications that typically induce
a CRP increase. Life-threatening complications such as
arrythmias may warrant ICU admission but may not result
in a significant CRP rise. Furthermore, clinicians may have
a lower threshold for admitting patients with comorbid
disease which may not be reflected in the CRP value. CRP
also proved to be poor at predicting readmission to hospital
within 30 days with only POD 2 demonstrating significant
results. This was expected given the relatively short
19 hours half-life of CRP (33). Furthermore, patients may
re-present to hospital for a multitude of reasons other than
complications that typically induce a CRP rise (34).

There are several limitations that need to be considered
when interpreting these results. Our research does not
consider multiple complications occurring in the same
patient. This is less relevant when using CRP to plan
for early discharge but may limit the applicability of this
research to patients who have more complex inpatient
stays. Similarly, patient-specific factors such as bloods
transfusions, intra-operative complications and extent of
lymphadenectomy would likely influence post-operative
CRP. Our research opted to include all patients who had a
partial, total, or extended gastrectomy. Given the different
nature of these procedures, our methods fail to determine
the diagnostic accuracy of CRP for each operation in
isolation. Furthermore, our study is a single institution
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analysis and may not be generalisable to other health care
services. Factors such as patient demographics, comorbid
disease and surgeon experience may skew these results.
Accordingly, health services would benefit from developing
their cut-offs which capture their unique health system
profile. Potential biases may occur due to the retrospective
analysis; however, the data is collected and maintained
prospectively. Prospective studies are needed to determine if
clinically applying cut-offs would result in earlier detection
and reduced morbidity and mortality for patients and
facilitate safer early discharge. Our study demonstrates CRP
has a high negative predictive capacity early in the post-
operative course and this is likely to be a clinically useful
parameter.

Conclusions

CRP is a useful early test in predicting the absence of
SI complications following gastrectomy. Our research
suggests CRP can be predictive as early as POD 2 for this
patient cohort. Patients who have a CRP below a pre-
determine threshold (cut-off) can increase confidence in
early discharge in the context of the whole clinical picture.
Health services may benefit by determining similar cut-offs
based on their own patient populations.
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