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Introduction

Rectal cancer is a common malignant tumor of the 
digestive tract. Studies have shown that there are no less 
than 1.2 million new rectal cancer patients worldwide, and 
the number of deaths due to rectal cancer is no less than 
600,000. Besides, this data is increasing year by year (1). 
The incidence of rectal cancer ranks among the top three 
of all cancers, and its mortality rate ranks fourth. Accord-
ing to data released by the World Health Organization 
(WHO), the incidence and deaths of rectal cancer in China 
rank first in the world (2). The missed diagnosis rate of 
rectal cancer patients in China is relatively high, and the 
early diagnosis of patients is not higher than 40%, result-
ing in a large number of patients who have gone to the best 
diagnosis time. This is also one of the reasons for the high 
mortality of rectal cancer patients (3).

At present, the treatment of rectal cancer is still based 
on surgical treatment. Surgical resection is the most effec-
tive method for the treatment of rectal cancer. The surgical 
method depends on the preoperative staging and the mid-
dle left pole from the anal margin. Currently, commonly 

used Dixon surgery can improve the anal preservation rate 
of patients to a large extent but inevitably increases the risk 
of postoperative AL (4).AL mostly occurs 5-7 days after 
Dixon. When one patient suffers from AL, it increases the 
patient’s physical and mental pain and medical expenses, 
raises the local recurrence rate, and even requires a second 
surgery, which poses a great threat to the patient’s life and 
health (5). Studies have shown that the occurrence of AL is 
usually accompanied by clinical symptoms such as fever, 
elevated white blood cells, and dyspnea. However, such 
symptoms have low specificity and are difficult to be used 
for early detection of postoperative AL of rectal cancer. 
Therefore, remedial measures are usually taken after the 
occurrence of AL in clinical practice (6). Since the inflam-
matory response is accompanied by the development of a 
variety of diseases, and the changes of inflammatory fac-
tors are usually earlier than the appearance of the clinical 
symptoms of the disease, the inflammatory response can 
be used as an indicator to predict the occurrence of a cer-
tain disease (7).

In recent years, scientific research has found that CRP 
has a certain value in predicting AL after rectal cancer sur-
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gery. As a marker of the acute phase of infectious diseases, 
CRP can judge whether the body is infected or not in the 
early stage of infection of a certain disease, and is not af-
fected by individual differences and therapeutic drugs. 
However, due to the time delay between the examination 
and the result, CRP blood examination only plays a small 
part in the early diagnosis of the disease, and the CRP de-
tection time is long, which could not affect the manage-
ment decision (8). NLR test is simpler than the CRP test, 
which can reflect the degree of inflammation and can be 
used to predict the prognosis of patients with malignant 
tumors, but it is rarely applied in the early prediction of 
the occurrence of AL (9, 10). Based on the above reasons, 
a magnetic nanomaterial was designed and synthesized in 
this study, making it have a more efficient and specific ad-
sorption capacity for CRP so as to improve the detection 
efficiency. What’s more, CRP and NLR were as indicators 
of inflammatory response observations, thereby evaluating 
the predictive value of CRP combined with NLR for AL 
after rectal cancer surgery.

Materials and Methods

Research objects
In this study, 120 patients who were diagnosed with 

rectal cancer pathologically after surgery in the Depart-
ment of Gastroenterology and Gastroenterology of The 
First Affiliated Hospital of Bengbu Medical College from 
December 2019 to December 2020 were selected as the 
research objects, and all patients were treated with surgi-
cal resection in this hospital. Among them, 72 were male 
patients and 48 were female patients, aged 19-78 years, 
with an average age of 56 years old. Senior doctors of the 
original source operated on all patients. The ethics com-
mittee approved this study of The First Affiliated Hospital 
of Bengbu Medical College. All patients and their family 
members understood this case, and an informed consent 
form for the surgery was signed.

The criteria for inclusion were defined to include pa-
tients who were older than 18 years old, and the gender 
was not limited; were determined to be rectal cancer by 
histopathology; had the Dixon surgery; had complete clin-
ical data and had certain communication ability; did not 
suffer from other serious infectious diseases or malnutri-
tion.

The criteria for exclusion were defined to include pa-
tients who were younger than 18 years old, received radio-
therapy or chemotherapy for rectal cancer before admis-
sion, had emergency surgery, suffered from clinical infec-
tion before the surgery, were checked before admission, 
finding that rectal cancer developed distant metastasis, 
and had incomplete clinical data or lack of communication 
skills.

Preparation of Au/Fe3O4 magnetic nanoparticles
In this study, Au nanoparticles were used as seeds and 

Fe(CO)5 was thermally decomposed at high temperature 
to prepare Au/Fe3O4 magnetic nanoparticles. This prepa-
ration was completed in two steps. First, the oil-phase gold 
nanoparticles were prepared by the oleylamine reduction 
method. 30 mL of 1-octadecene was weighed and put into 
a 500 mL four-neck flask. Then, 4 mL of oleylamine was 
added, and the magnetic stirring was turned on. The speed 
was controlled to about 1,400 r/min for stirring, so the 

temperature was heated up to 75 °C. While heating, 1.0 g 
of HAuCl4 was weighed and added with 40 mL of 1-oc-
tadecene and 4 mL of oleylamine mixture for ultrasonic 
dissolution. After the system was heated to 75 ℃, the pre-
prepared HAuCl4 solution was added, and the stirring was 
under 75 ± 2 ℃ for 6 hours. After the reaction was over, 
the temperature was naturally cooled to room temperature, 
and it was filtered with suction after settling with isopropa-
nol for 40 minutes. After suction filtration, the filter cake 
was washed with an appropriate amount of isopropanol. 
After repeated washing and suction filtration three times, 
the filter cake was re-dispersed in 180 mL of n-hexane and 
stored at 4 °C.

After the preparation technology of oil phase gold 
nanoparticles, 40 mL of 1-octadecene, 40 mL of gold 
seeds, 2 mL of oleylamine, and 2 mL of oleic acid were 
added into a 500mL four-necked flask in turn. The speed 
was controlled to 1,400 r/min and there was magnetic stir-
ring for 30 minutes so as to slowly heat up to 150 °C. Af-
ter the temperature reached 150 °C, 0.4mL Fe(CO)5 was 
quickly added into the flask, which was stirred and heated 
to 290 °C for 1 hour. After the reaction, the nitrogen was 
removed, the air was introduced for 1 hour, and it was 
placed on a permanent magnet for magnetic separation. 
After the magnetic separation was clean, the supernatant 
was discarded, and the washing was repeated three times 
with absolute ethanol, and the Buchner funnel was applied 
to drain. The filter cake was re-dispersed in 40 mL of n-
hexane and ultrasonic for 2-3 minutes, the solid content in 
the solution was determined, and it was stored at 4 °C for 
later use.

Characterization of Au/Fe3O4 magnetic nanoparticles
The morphology of Au/Fe3O4 magnetic nanoparticles 

was characterized by transmission electron microscope 
(TEM), and the crystallographic properties of Au/Fe3O-
4magnetic nanoparticles were analyzed by X-ray diffrac-
tion (XRD). The thermal stability of Au/Fe3O4 magnetic 
nanoparticles was analyzed by thermogravimetric analysis 
(TGA), and Nicomp380/ZLS nanoparticle size analyzer 
was employed to analyze the polydispersity index (PDI) 
of Au/Fe3O4 magnetic nanoparticles.

Coating of CRP antibody
After Au/Fe3O4 magnetic nanoparticles were modified 

with monodisperse PAA, 150 μL (5mg/L) were weighed 
and transferred into a 2 mL centrifuge tube, and 0.5 mL 
phosphate buffer saline (PBS) buffer was added into the 
tube, so that it was shaken well and placed on a magnetic 
grate for separation. Then, the supernatant was discarded, 
and 80 μL of 1-(3-Dimethylaminopropyl)-3-ethylcarbodi-
imide hydrochloride (EDC) solution (10 mg/L) was added, 
and the mixed solution in the tube was shaken well, which 
was ultrasonically reacted for 1 hour. After the reaction 
was over, it was placed on a magnetic grate for separation, 
the supernatant was discarded, and 150 μL of PBS was 
added to mix well. A certain concentration of CRP was 
added to the activated PAA-Au/Fe3O4 magnetic nanopar-
ticles, which were mixed well and placed in a constant 
temperature shaking incubator. Besides, the temperature 
was controlled at 36 °C and reacted for 1 hour. After the 
reaction was completed, the magnetic grate was separated, 
the supernatant was discarded, and an appropriate amount 
of PBS buffer was adopted to wash. After washing, 0.8 
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21.61 °, 27.34 °, 30.66 °, and 34.44 °. The XRD standard 
card correspondingly found the phase of gold nanopar-
ticles at diffraction angles of 14.16 ° and 16.43 ° (JCPDS 
card No. 04-0784). Moreover, 21.61°, 27.34°, 30.66°, 
and 34.44° diffraction angles were the phase of Fe3O4 
nanoparticles (JCPDS card No.79-0418). According to the 
corresponding analysis of different crystal planes, it was 
found that the Fe3O4 in the Au/Fe3O4 magnetic nanopar-
ticles prepared in this study was a typical cubic reverse 
spinel structure.

TGA was performed on the Au/Fe3O4magnetic nano-
particles prepared in this study, the surface organic mole-
cules of the Au/Fe3O4magnetic nanoparticles were ana-
lyzed, and the corresponding thermogravimetric curve 
was drawn, which was displayed in Figure 3. The thermo-
gravimetric curve showed that there were 2 weight loss 

mL of the blocking agent was added and the mixture was 
mixed well, which was put in a constant temperature shak-
ing incubator. What’s more, the temperature was con-
trolled at 36 ℃, and there was a reaction for 2 hours. After 
the reaction was over, 450 μL of PBS buffer was employed 
to wash, and the mixture was added with 0.8 mL of preser-
vation solution, mixed well, and set aside.

AL diagnostic criteria
A patient could be diagnosed as AL when one or more 

of the following symptoms appeared after the surgery. 
First, the patient suddenly developed symptoms such as 
persistent fever, abdominal pain, and peritonitis after the 
surgery. Second, the patient’s drainage tube drainage fluid 
suddenly increased, and the drainage fluid was cloudy and 
smelly with feces. Third, an abscess around the anastomot-
ic stoma was found after an imaging examination. Fourth, 
contrast agent leakage was found in the contrast agent ex-
amination, and the anastomotic stoma was broken in some 
patients during the rectal examination.

Observation indicators
The preoperative CRP and NLR of the patient were 

calculated for the fasting peripheral blood drawn within 
24 hours after admission, and the postoperative CRP and 
NLR were calculated for the early morning fasting blood 
sampling on the 1st day after the surgery, the 3rd day after 
the surgery, and the 5th day after the surgery. The ROC 
of patients should be calculated based on the calculated 
results.

Statistical analysis
SPSS23.0 software was used for the statistical process-

ing of the data of this study. First, whether the measurement 
data met the normal distribution should be determined. If it 
met the normal distribution, the t-test was adopted. If it did 
not meet the normal distribution, the independent sample 
Mann-Whitney U test was employed. The measurement 
data were tested by using the calculation results to draw 
the ROC curve and calculate the area under the curve to 
evaluate the significance and accuracy of CRP and NLR in 
predicting AL on the 1st day, the 3rd day, and the 5th day 
after surgery. In addition, P< 0.05 indicated that the differ-
ence was statistically substantial.

Results

Characterization of Au/Fe3O4 magnetic nanoparticles
In this study, TEM was applied to characterize the 

morphology of the prepared Au/Fe3O4 magnetic nanopar-
ticles. It was found that the prepared Au/Fe3O4 magne-
tic nanoparticles had regular and uniform shapes, regular 
crystal phases, and a particle size of about 45 nm. Further-
more, the morphology of the prepared Au/Fe3O4 magne-
tic nanoparticles under TEM is shown in Figure 1a.

XRD was employed to analyze the structure of the Au/
Fe3O4magnetic nanoparticles prepared in this study so as 
to draw the XRD pattern of the Au/Fe3O4magnetic na-
noparticles, and the results were presented in Figure 2. It 
indicated that the sample had the highest diffraction peak 
intensity at 18.45 °, and the XRD standard card corres-
ponded to gold nanoparticles (JCPDS card No. 04-0784). 
In addition, the diffraction peaks of different intensities 
also appeared at diffraction angles of 14.16 °, 16.43 °, 

Figure 1. TEM images. (Note: a: TEM image of Au/Fe3O4magnetic 
nanoparticles; b: TEM image of gold nanoparticles.)

Figure 2. XRD diffraction pattern of Au/Fe3O4 magnetic nanopar-
ticles.

Figure 3. Thermogravimetric analysis curve of Au/Fe3O4magnetic 
nanoparticles.
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processes after the temperature was higher than 300 ℃. 
When the temperature was lower than 160 ℃, the curve 
had a small amount of mass loss. It was speculated that 
the reason might be the adsorption of Au/Fe3O4magnetic 
nanoparticles on the surface. Due to the volatilization of 
organic solvents, a rapid weight loss process occurred at 
300-450 °C, about 6.3% weight loss. Thus, it was specula-
ted that the cause of this mass loss was due to the analysis 
of the outermost layer of oleic acid. In addition, the second 
occurred at 650-750 °C, and there was about 13.5% weight 
loss, which was presumed to be due to the loss of more ti-
ghtly bound oleic acid. Thermogravimetric analysis revea-
led that the surface of Au/Fe3O4magnetic nanoparticles 
was coated with oleic acid, and the total weight loss during 
the whole thermogravimetric analysis was about 23.1%. 
That was, the coating amount of oleic acid on the surface 
of Au/Fe3O4magnetic nanoparticles accounted for about 
23.1 % of the entire nanoparticle.

CRP detection by PAA-Au/Fe3O4 magnetic nanopar-
ticles

The dispersion performance of the PAA-Au/Fe3O4 ma-
gnetic nanoparticles coated with CRP antibody was a key 
factor in the immunoassay process. The agglomeration of 
the PAA-Au/Fe3O4 magnetic nanoparticles would affect 
the sensitivity and detection range of the immunoassay. In 
this study, the Nicomp380/ZLS nanoparticle size analyzer 
was used to characterize the particle size and dispersibility 
of the PAA-Au/Fe3O4 magnetic nanoparticles prepared 
this time. Above all, PAA-Au/Fe3O4 magnetic nanopar-
ticle size under the additional amount of 8 kinds of anti-
bodies was respectively detected in this study, and the test 
results are shown in Figure 4. From the previous results, 
the diameter of the Au/Fe3O4 magnetic nanoparticles 
prepared in this study was about 45 nm. After the PAA 
modification, the average particle size increased markedly. 
However, the growth of particle size was not proportional 
to the increase of antibodies, with the increase in antibody 
amount indicating that there was no specific relationship 
between the two.

Figure 4 disclosed that the particle size of PAA-Au/
Fe3O4magnetic nanoparticles was 226.5 nm when the 
amount of antibody was 60 μg. When the amount of 
antibody was greater than 60 μg, the particle size of the 
nanoparticles elevated hugely, so 60 μg was chosen. The 
amount of antibody was analyzed for the dispersion of 
PAA-Au/Fe3O4 magnetic nanoparticles. Three parallel 
tests were performed during the detection and analysis, 
and the average value of each indicator was taken. The 
analysis results were shown in Table 1, suggesting that the 
average particle size of PAA-Au/Fe3O4magnetic nanopar-
ticles was 226.5 nm and the average PDI was 0.16 when 
the amount of antibody added was 60 μg. It was found that 
the PDI remained at a low level after the addition of the 
antibody, indicating that the agglomeration that occurred 
during the modification of the antibody molecule was not 

obvious.
CRP standards with different concentration gradients 

were selected, and the corresponding luminous intensity 
was calculated, so as to draw the standard curve with the 
concentration as the abscissa and the luminous intensity as 
the ordinate. The results were shown in Figure 5a, revea-
ling that the luminous intensity was directly proportional 
to the CRP concentration, and the linear relationship was 
good. Besides, the standard curve was y = 8,966.5 x + 
2,381.3, and R2 = 0.9944.

After the standard curve was drawn, Dixon preopera-
tive clinical serum samples of 30 patients were selected 
randomly and diluted with 1 × PBS. Then, the samples 
were measured. What’s more, the current clinical scat-
ter turbidimetric method was introduced for comparison. 
A correlation diagram was drawn according to different 
detection methods, and the results are displayed in Figure 
5b. The results meant that the correlation coefficient of 

Figure 4. The particle size of PAA-Au/Fe3O4 magnetic nanoparticles 
with different amounts of antibody added.

Figure 5. a: Standard curve; b: Correlation diagram of the two detec-
tion methods.

PDI Particle size (nm)
1 0.14 194.3
2 0.18 246.7
3 0.16 238.5

Average value 0.16 226.5

Table 1. Particle size and dispersion of PAA-Au/Fe3O4 magnetic 
nanoparticles with antibody amount of 60 μg.

Time Anastomotic normal patients Patients with AL P
Before surgery 62.42 64.11 /

On the 1st day after surgery 71.05 90.38 0.033
On the 3rd day after surgery 82.35 135.44 0.012
On the 5th day after surgery 64.49 164.31 0.006

Table 2. Comparison of average CRP between normal patients and AL patients after surgery.
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the two detection methods was R2 = 0.991, and the linear 
regression equation was y = 1.103x - 0.0022. The correla-
tion between the two detection methods was good, which 
indicated that the PAA-Au/Fe3O4 magnetic nanoparticles 
prepared in this study were adopted to measure CRP. Thus, 
it could be used for the clinical examination of patients 
with rectal cancer.

Postoperative AL in patients with rectal cancer predic-
ted by CRP combined with NLR

After Dixon surgery in 120 patients, 14 cases deve-
loped AL, with an AL incidence rate of 11.67. All AL pa-
tients recovered after receiving conservative treatment or 
intestinal stoma, and no patients died. The results of this 
study found that the CRP indicators of patients who did 
not develop AL after the surgery increased on the first day 
and then gradually decreased to normal. The CRP of AL 
patients rose obviously on the first day after surgery and 
continued to grow over time. Table 2 indicated that the dif-
ference in CRP between patients with normal anastomosis 
and AL patients was statistically substantial (P< 0.05).

The best cut-off point of the CRP change value of 120 
patients was calculated based on the ROC curves. Accor-
ding to the ROC curves of the patients (Figure 6), the cut-
off point was 73.33 on the first postoperative day, the area 
under the curve was 0.801, the sensitivity was 80.83%, 
and the specificity was 59.98%. The cut-off point on the 
third day after the surgery was 138.35, the area under the 
curve was 0.936, the sensitivity was 85.83%, and the spe-
cificity was 82.5%. What’s more, the cut-off point, the area 
under the curve, the sensitivity, and the specificity on the 
fifth day after the surgery were 85.41, 0.968, 89.17%, and 
81.67% in turn.

The NLR of 120 patients was tested, and the results 
showed that the NLR of patients who did not develop AL 
after the surgery increased on the first day and then gradual-
ly reduced to normal over time. The NLR of AL patients 
elevated greatly on the first day after surgery. There was 
still a tendency to increase on the third day and decrease to 
a certain extent on the fifth day (Table 3). There was a sta-
tistical difference in postoperative NLR between patients 
with normal anastomosis and AL patients (P< 0.05).

Similarly, the best cut-off point of the change in NLR 
of 120 patients was calculated based on the ROC curves 
(Figure 7). Moreover, the cut-off point of patients on the 
first day after the surgery was 4.9, the area under the curve 
was 0.692, the sensitivity was 61.67%, and the specifici-
ty was 45.39%. On the third day after surgery, the cutoff 
point was 12.2, the area under the curve was 0.789, the 
sensitivity was 72.5%, and the specificity was 66.67%. In 
addition, the cut-off point on the 5th postoperative day was 
9.3, the area under the curve was 0.801, the sensitivity was 
65.83%, and the specificity was 78.33%.

In order to further improve the accuracy of predic-
ting postoperative AL in patients with rectal cancer, NLR 

monitoring was combined with CRP monitoring, and the 
combined factor was recalculated to draw the correspon-
ding ROC curves, which are shown in Figure 8. According 
to the ROC curves, the best cut-off point for the change 
of CRP and NLR in 120 patients was calculated. What’s 
more, the cut-off point was 0.11 on the first day after the 
surgery, the area under the curve was 0.896, the sensiti-
vity was 82.5%, and the specificity was 76.67%. The cut-
off point, the area under the curve, the sensitivity, and the 
specificity on the third day after surgery were 0.13, 0.931, 
86.67%, and 90%, respectively. On the postoperative fifth 
day, the cut-off point, the area under the curve, the sen-
sitivity, and the specificity were 0.16, 0.964, 92.5%, and 
95.83% in sequence.

Discussion

Rectal cancer is one of the most common causes of 
malignance-related death worldwide. With the continuous 

Figure 6. ROC curves of AL in patients after rectal cancer surgery 
predicted by CRP.

Figure 7. ROC curves of AL in patients after rectal cancer surgery 
predicted by NLR.

Time Anastomotic normal patients Patients with AL P
Before surgery 4.41 4.65 /

On the 1st day after surgery 12.88 16.22 0.046
On the 3rd day after surgery 8.62 18.35 0.001
On the 5th day after surgery 5.19 14.19 0.001

Table 3. Comparison of average NLR between normal patients and AL patients after surgery.
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change in people’s living habits and diet level, the inci-
dence of rectal cancer has an increasing trend year by year, 
and its particularity makes patients often miss diagnosis 
(11). At present, surgical resection is still the main treat-
ment for rectal cancer, but postoperative AL is the most 
common serious complication (12). According to reports, 
the incidence of AL after Dixon surgery is about 3-19% 
per month. Once the patient develops AL, it will not only 
increase the patient’s medical expenses and physical pain 
but may also promote tumor recurrence, metastasis, and 
patient prognosis, and even life-threatening in severe cas-
es (13). Therefore, how to detect and treat AL early and 
take preventive measures early is the key to reducing the 
incidence of AL.

With the deepening of research on the relationship be-
tween tumors and inflammation, people realize that the 
disease progression of tumor patients depends not only on 
the characteristics of the tumor, but also on the inflamma-
tory response of the host. Studies have confirmed that in-
flammatory mediators have a role in the transduction fac-
tors of rectal cancer. Certainly, CRP and NLR are related 
to the prognosis of a variety of tumors, and high levels of 
CRP and NLR usually indicate poor prognosis (14). The 
detection of CRP is not affected by individual differences 
and therapeutic drugs, but there is a time delay between 
the examination and the results, and the diagnostic sensi-
tivity is poor, which can’t affect management decisions. 
NLR detection is simple and is often used to predict the 
postoperative prognosis of patients with malignant tumors 
(15-18), but there are few studies on the prediction of AL 
after colon cancer surgery.

In this study, Fe(CO)5 was used as raw material to 
prepare Au/Fe3O4 magnetic nanoparticles with uniform 
particle size, and they were characterized by TEM, XRD, 
and TGA. The results found that the Au/Fe3O4 magnet-
ic nanoparticles prepared in this study had a regular and 
uniform morphology, with a particle size of about 45 
nm. XRD data showed that the Fe3O4 in the Au/Fe3O4 
magnetic nanoparticles had a typical cubic reverse spi-
nel structure. TGA analysis found that Au/Fe3O4 mag-
netic nanoparticles had oleic acid molecules attached to 
the surface, and their mass accounted for about 23.1% of 
the entire magnetic nanoparticles. Subsequently, the Au/
Fe3O4 magnetic nanoparticles were modified with PAA 
and attached to the CRP antibody to detect the particle size 
and dispersion properties of the antibody-coated PAA-Au/
Fe3O4 magnetic nanoparticles. It was found that the par-
ticle size increased with the amount of antibody added, 
but there was no specificity between the two. When the 
amount of antibody added was 60 μg, the average particle 
size reached 226.5 nm and the average PDI reached 0.16, 
which suggested that the nanoparticles did not agglomer-
ate markedly when 60 μg antibody was added. Finally, a 
standard curve of CRP concentration and luminescence 
intensity was drawn, and 30 clinical serum samples of 
rectal cancer patients were randomly selected based on 
the standard curve for detection, and compared with the 
nephelometric method. The results revealed that the two 
detection methods were highly correlated, so the PAA-Au/
Fe3O4 magnetic nanoparticles could be used for clinical 
examination of patients with rectal cancer.

CRP and NLR were investigated and analyzed in turn 
to predict AL after Dixon surgery. Then, CRP and NLR 
were combined in order to improve the accuracy of pre-

dicting AL after Dixon surgery. The results indicated that 
the sensitivity was 82.5% and the specificity was 76.67% 
on the first postoperative day; the sensitivity was 86.67% 
and the specificity was 90% on the third postoperative day; 
the sensitivity was 92.5% and the specificity was 95.83% 
on the fifth postoperative day. The above results suggested 
that CRP combined with NLR could effectively improve 
the accuracy of AL after Dixon surgery.

In this study, Au/Fe3O4 magnetic nanoparticles were 
successfully synthesized by the high-temperature thermal 
decomposition method. The particle size was about 45 nm, 
and the surface oleic acid accounted for about 23.1%. Af-
ter 60 μg of CRP antibody was coated, the particle size 
was 226.5 nm, and the dispersion was good. This detec-
tion method was highly correlated with the turbidimetric 
method and could be used for the clinical examination of 
patients with rectal cancer. Through CRP combined with 
NLR to predict postoperative AL, it was found that this 
method could more accurately predict the occurrence of 
postoperative AL and had certain guiding significance for 
the clinical prediction of AL.
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