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Interaction of basic diseases and low red blood
cell count as critical murderer of wound infection
after osteosarcoma resection

Wound infection after osteosarcoma resection
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Abstract

Background: Surgical wound infection is one of the common complications in patients after osteosarcoma resection.m
imperative to grasp the risk factors comprehensively. Therefore, this study aimed to explore the risk factors of wound infection and
deeply analyze the correlation between risk factors and wound infection.

Methods: The study subjects were 101 patients who underwent osteosarcoma resection between April 2018 and August 2021.
The diagnosis of postoperative wound infection was confirmed by postoperative observation of the incision, ultrasound imaging,
and pathogenic examination. This study included a series of potential factors, mainly laboratory examination indicators and
patients’ general information. The statistical methods had Pearson Chi-square test, Spearman-rho correlation test, multifactorial
linear regression model, logistic regression analysis, and receiver operating characteristic (ROC) curve.

Results: Pearson Chi-square test and Spearman correlation test showed that red blood cell (RBC) count (P = .033) and basic
diseases (P = .020) were significantly correlated with a surgical wound infection after osteosarcoma resection. Logistic regression
analysis manifested that basic disease (OR = 0.121, 95% Cl: 0.015-0.960, P = .046) and RBC (OR = 0.296, 95% ClI: 0.093-0.944,
P = .040) have a clear correlation with whether the patients have surgical wound infection after osteosarcoma resection. And the
interaction of basic diseases and RBC could diagnose the surgical wound infection sensitively and accurately (AUC = 0.700,
P =.014, 95% Cl = 0.564-0.836) via the ROC analysis.

Conclusion: Patients with basic diseases and low RBC were risk factors for surgical wound infection after osteosarcoma
resection.

Abbreviations: 95% Cls = 95% confidence intervals, AUC = area under the curve, HB = hemoglobin concentration, LOS =
length of hospital stay, LY = lymphocyte count, NEUT = neutrophil count, ORs = odds ratios, PLT = platelet count, RBC = red

blood cell count, ROC = receiver operating characteristic, VIF = variance inflation factor, WBC = white blood cell count.
Keywords: basic diseases, interaction, osteosarcoma resection, red blood cell, surgical wound infection

1. Introduction

Osteosarcoma resection can correct bone dislocation, relieve
tumor mass and replace necrotic joints. The curative effect is
exact, and the effect is direct, which is widely recognized by both
doctors and patients. However, osteosarcoma resection has the
characteristics of: first, long operation time, long wound expo-
sure time, considerable area trauma, tissue integrity, and easy
infection!"; second, in addition to the patient’s original major
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trauma, tumor, primary diseases resulting in the decline of the
overall immune capacity of the body. These make osteosarcoma
resection patients prone to different degrees of wound infection
after surgery. Surgical wound infection is one of the common
complications in patients after osteosarcoma resection.>* When
the incision site infection is not timely prevented and treated,
it will lead to difficult incision healing, seriously affecting the
therapeutic effect of surgery, and may cause a severe infection of
various organs and endanger the life safety of patients.[**!
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Diabetes, cardiovascular disease, cerebrovascular disease, and
pulmonary illness are primary preoperative disorders that are
thought to be contributors to postoperative problems in vari-
ous procedures.” These primary diseases affect the occurrence
of postoperative complications in surgical patients through
intraoperative anesthesia, surgical tolerance, and postoperative
recovery.

Red blood cells (RBCs) are the most common cell type in the
human body. Its primary physiological function is to exchange
oxygen and carbon dioxide through the cells’ hemoglobin
and transport oxygen to various organ tissues throughout the
body.l"! Several studies have shown that the imbalance of eryth-
ropoiesis and destruction contributes to developing postopera-
tive complications.

Researchers believe the orthopedic surgical infection is a com-
plication caused by multiple factors, such as the patient’s body
quality.l''l However, this factor is complex and diverse, which
causes some obstacles to the early prevention of orthopedic sur-
gical wound infection. As such, it is essential to comprehensively
grasp the risk factors of wound infection after fracture surgery,
find the population, and take targeted intervention measures. In
this study, the risk factors for wound infection following osteo-
sarcoma resection were further investigated. The relationships
between significant illnesses, red blood cell count (RBC), and
wound infection were carefully examined. We examined the
study data to lower the incidence of wound infection following
osteosarcoma excision and identify the population of wound
infection. We provided a scientific basis for managing and pre-
venting wound infection after osteosarcoma resection.

2. Methods

2.1. Ethics and informed consent

The Ethics Committee approved this study of Hangzhou Fuyang
District First People’s Hospital and Fourth hospital of Hebei
medical university. Paper informed consent was obtained from
all patients.

2.2. Study subjects

The study subjects were 101 patients who underwent osteo-
sarcoma resection between April 2018 and August 2019. The
inclusion criteria are: 18-80 years old, undergoing osteosarcoma
resection, and patients without surgical history will be screened
for inclusion criteria. Exclusion criteria included: age <18
or > 80 years, patients with poor cardiac function, pulmonary
function, and liver and kidney function who could not tolerate
surgery, patients with open fractures requiring emergency osteo-
sarcoma resection, and patients with preoperative surgical site
infection.

2.3. Characteristics

This study included a series of potential factors related to post-
operative wound infection, including laboratory examina-
tion indicators and patients’ general information. Laboratory
parameters included: white blood cell count (WBC, reference
value: 4.0109-10.0109/L), neutrophil count (NEUT, refer-
ence value: 1.2109-6.8109/L), lymphocyte count (LY, reference
value: 0.8109-4.0109/L), red blood cell count (RBC, reference
value: 3.5109-5.5109/L), hemoglobin concentration (HB, ref-
erence value: 120-160g/L), platelet count (PLT, reference value:
100.0109-300.0109/L). The general information of patients
includes sex (male vs. female), age (<65 years old vs.>65 years
old), and whether there is a concomitant basic disease (yes vs. no).

All participants underwent clean orthopedic prosthesis
implantation and vertebroplasty. The diagnosis of postoperative
wound infection was confirmed by postoperative observation of
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the incision, ultrasound imaging, and pathogenic examination.
A comprehensive assessment of surgical wound infections was
made.

2.4. Statistics

Data statistics are presented as sample size and percentage.
Pearson Chi-square test was used to analyze the relationship
between whether patients developed wound infection after sur-
gery and related preoperative factors. Correlation analysis was
performed using the Spearman-rho correlation test to examine
the correlation between the two further. All preoperative cor-
relates were added to a multifactorial linear regression model
to determine the variance inflation factor (VIF). This allowed
us to gauge the degree of multicollinearity. Univariate and mul-
tivariate logistic regression analyses were used to calculate odds
ratios (ORs) for each variable based on their statistical results.
We evaluated our study by examining how preoperative comor-
bidities and RBC interacted to affect the likelihood of wound
infection following osteosarcoma excision. The “a by b” inter-
action was used in multivariate logistic regression analysis to
investigate the interaction between “presence or absence of
basic diseases” and “RBCs” to determine how the presence or
absence of primary diseases and the interaction of RBCs affect
the occurrence of wound infection following osteosarcoma
resection. Afterward, we divided the study population into four
categories according to the statistical results of the interaction
between the two, with the criteria of “presence or absence of
basic disease” and “RBC,” and named this feature “presence
or absence of basic disease by RBC.” Binary logistic regression
was again used for correlation analysis. Finally, we constructed
receiver operating characteristic (ROC) curves. We applied the
area under the curve (AUC) to assess the accuracy and sensitiv-
ity of each factor in diagnosing the degree of orthopedic surgical
wound infection.

All statistical analyses were performed using SPSS software
(version 24.0; IBM Corporation, New York, USA). P < .05 was
considered statistically significant.

3. Results

3.1. Pearson Chi-square test

The basic data statistics of blood indicators and wound infec-
tion after osteosarcoma resection are described in Figure 1.
Pearson Chi-square test results summarized the relationship
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Figure 1. The primary data statistics of blood indicators and wound infection
after osteosarcoma resection.
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between the relevant parameters of patients and the occurrence
of wound infection after osteosarcoma resection. Among them,
RBC (P =.033) and basic diseases (P =.020) were significantly
correlated with a postoperative wound infection after osteosar-
coma resection. However, there was no significant correlation
between sex (P = .463), age (P = .649), WBC (P = .973), NEUT
(P =.204), LY (P =.303), HB (P = .164) and PLT (P = .192) and
postoperative wound infection after osteosarcoma resection

(Table 1).

3.2. Spearman correlation test

To further confirm whether various potential characteristics of
patients have an important impact on the occurrence of wound
infection after osteosarcoma resection, we applied the Spearman
correlation test for further correlation analysis. Spearman cor-
relation coefficient showed that basic diseases (p =-0.232,
P =.020) and RBC (p =-0.213, P = .033) were significantly cor-
related with postoperative wound infection after osteosarcoma
resection. However, there was no significant correlation between
other relevant parameters and postoperative wound infection
after osteosarcoma resection (Table 2).

3.3. Multiple linear regression analysis

Multiple linear regression analysis of the relationship between
characteristics and wound infection showed that the primary
disease (B =-0.224, P =.037, VIF = 1.179) has a clear correla-
tion with whether the patients have surgical wound infection
after osteosarcoma resection. However, there was no significant
correlation between other relevant parameters and postopera-
tive wound infection after osteosarcoma resection (Table 3).

3.4. Univariate logistic regression analysis

Furthermore, ORs and 95% confidence intervals (CIs) were
used in our study to identify further the risk factors and risk
groups for postoperative wound infection following osteosar-
coma resection. Binary logistic regression (including univariate
and multivariate logistic regression) was used to determine the
association between postoperative wound infection and poten-
tial factors. Table 4 describes the ORs and 95% Cls of the study
subjects at the univariate level using univariate logistic regres-
sion and concludes that the basic disease (OR =0.121, 95%
CL: 0.015-0.960, P =.046) and RBC (OR =0.296, 95% CIL:
0.093-0.944, P =.040) have a clear correlation with whether
the patients have surgical wound infection after osteosarcoma
resection (Table 4).

3.5. Multivariate logistic regression and interaction analysis

Table 5 applied multivariate logistic regression to describe
the OR and 95% CI of the study subjects at the multivariate
level. In terms of multivariate logistic regression level, basic dis-
eases (OR =0.161, 95% CI: 0.19-1.341, P =.091), and RBC
(OR = 0.427, 95% CI: 0.128-1.419, P = .162) were not signifi-
cantly associated with the occurrence of wound infection after
osteosarcoma resection. After studying them by binary logistic
regression, we found that the interaction between basic disease
and RBC significantly affected wound infection after osteosar-
coma resection (OR =0.421, 95% CI: 0.201-0.883, P =.022,
Table §).

We divided all study subjects into four categories with pri-
mary diseases and RBC and then performed binary logistic
regression analysis again. After osteosarcoma excision, it was
discovered that study participants with primary illnesses and
low RBCs had a considerably higher risk of wound infection
than those without such conditions (OR =10.000, 95% CI:
1.193-83.837, P = .034) (Table 6).
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Relevant characteristics of patients and wound infection.

Wound infection P

Parameters No (%) Yes (%)

Sex Male 9 83 (82.2%) 15(14.9%) 463
Female 3 3(3.0%) 0 (0.0%)

Age <65 91 77 (76.2%) 14 (13.9%) 649
>65 10 9 (8.9%) 1(1.0%)

Basic disease  Yes 68 54 (53.5%) 14 (13.9%) .020*
No 33 32 (31.7%) 1(1.0%)

WBC Low 61 52 (51.5%) 9 (8.9%) 973
High 40 34 (33.7%) 6 (5.9%)

Neutrophil Low 62 55 (54.5%) 7 (6.9%) 204
High 39 31(30.7%) 8 (7.9%)

Lymphocyte  Low 55 45 (44.6%) 10 (9.9%) 303
High 46 41 (40.6%) 5 (5.0%)

RBC Low 42 32 (31.7%) 10 (9.9%) 033
High 59 54 (53.5%) 5 (5.0%)

Hemoglobin Low 44 35 (34.7%) 9 (8.9%) 164
High 57 51 (50.5%) 6 (5.9%)

Platelet Low 56 50 (49.5%) 6 (5.9%) 192
High 45 36 (35.6%) 9 (8.9%)

Pearson’s Chi-squared test was used.
RBC = red blood cell, WBC = white blood cell.
*P < .05.

The relationship between characteristics of patients and wound
infection.

Wound infection

Characteristics p P
Sex -0.073 468
Age —0.045 .653
Basic disease -0.232 .020*
WBC 0.003 973
Neutrophil 0.126 .208
Lymphocyte -0.102 .308
RBC -0.213 .033*
Hemoglobin -0.138 167
Platelet 0.130 196

Spearman correlation test was used.
RBC = red blood cell, WBC = white blood cell.
*P < .05.

Association between characteristics and wound infection via
Multiple linear regression analysis.

Wound infection

Characteristics B P VIF
Sex —0.018 .864 1177
Age -0.138 267 1.596
Basic disease -0.224 037 1.179
WBC —0.794 453 116.878
Neutrophil 0.817 446 119.855
Lymphocyte 0.055 879 13.455
RBC —0.057 787 4.704
Hemoglobin —0.045 824 4313
Platelet 0.149 .186 1.320
{3 = parameter estimate, WBC = white blood cell, RBC = red blood cell, VIF = variance inflation
factor.

*P < .05.
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Correlative parameters’ effect on wound infection based on
univariate logistic proportional regression analysis.

Wound infection

Parameters OR 95% Cl P
Sex Male 98 1 999
Female 3 0.000 0.000-0.000
Age <65 91 1 .652
>65 10 0.611 0.072-5.210
Basic disease Yes 68 1 .046*
No 33 0.121 0.015-0.960
WBC Low 61 1 973
High 40 1.020 0.333-3.124
Neutrophil Low 62 1 210
High 39 2.028 0.671-6.127
Lymphocyte Low 55 1 .308
High 46 0.549 0.173-1.740
RBC Low 42 1 .040*
High 59 0.296 0.093-0.944
Hemoglobin Low 44 1 a7
High 57 0.458 0.149-1.401
Platelet Low 56 1 198
High 45 2.083 0.681-6.374

OR = odds ratio, 95% CI = 95% confidence interval, WBC = white blood cell, RBC = red blood cell.
*P < .05.

The characteristics and their effect on wound infection based on
multivariate Logistic proportional regression analysis.

Wound infection

Characteristics OR 95% Cl P
Basic disease 0.161 0.019-1.341 .091
RBC 0.427 0.128-1.419 165
Basic disease*RBC 0.421 0.201-0.883 .022*

OR = odds ratio, 95% Cl = 95% confidence interval, RBC = red blood cell.
*P < .05.

The interaction of basic disease and RBC for wound infection
based on logistic proportional regression analysis.

Wound infection

Parameters OR 95% Cl P
Without basic disease*High RBC 1

With basic disease*Low RBC 10.000 1.193-83.837 034
With basic disease*High RBC 0.000 0.000-0.000 999
Without basic disease*Low RBC 3.714 0.389-35.430 254

OR = odds ratio, 95% Cl = 95% confidence interval, RBC = red blood cell.
*P < .05.

3.6. ROC curve analysis

Finally, we constructed ROC curves to determine the effect of
basic diseases, RBC, and their interaction on the occurrence of
wound infection after osteosarcoma resection. And the AUC was
used as the degree of confidence in judging each factor: basic
diseases (AUC = 0.653, P =.060, 95% CI=0.523-0.783), RBC
(AUC = 0.653, P =.060, 95% CI = 0.523-0.783), and their inter-
action (AUC = 0.700, P =.014, 95% CI = 0.564-0.836) (Fig. 2).

4. Discussion

The study results showed a significant interaction between
primary disease and RBC on postoperative orthopedic wound
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infection by binary logistic regression, identifying patients with
the primary disease and low BRC as the population with post-
operative orthopedic wound infection.

Additionally, prior research has demonstrated a connec-
tion between preoperative anemia and increased perioper-
ative problems, such as postoperative wound infection and
death.'?l An extensive study of the elderly in the United States
described a 1.6% increase in postoperative mortality for every
1% change in hematocrit.!'3! The current study also showed
that low RBC is a risk factor for wound infection following
osteosarcoma excision in terms of that procedure.!' However,
it is unclear whether anemia is mechanistically linked to the
adverse outcomes we have described.!"S! Existing studies sug-
gest that the mechanism leading to the increased risk of wound
infection after osteosarcoma resection includes reducing the
oxygen-carrying capacity of the blood, thereby reducing the
oxygen delivery to the end organs and tissues.!'?! On this basis,
our study further concluded that reduced oxygen delivery to
end-organs will lead to many adverse consequences: first, the
patient’s tolerance to intraoperative or postoperative bleeding
in osteosarcoma resection is reduced; second, the oxygen sup-
ply to the incision is significantly reduced, resulting in poor
tissue healing and increasing the chance of wound infection.
Following osteosarcoma resection, the reduced oxygen deliv-
ery to terminal organs caused by low RBC appears to be more
pronounced and more likely to result in a wound infection
because bone and surrounding tissues are typically supplied by
periosteal arteries and nutrient arteries (all terminal arteries).
In a retrospective cohort study of 2394 patients undergoing
total knee arthroplasty, low RBC resulted in prolonged hospi-
tal stay,!'l and postoperative wound infection was one of the
important reasons for prolonged hospital stay and increased
medical costs.!"”!

Our research also revealed that primary diseases before
surgery contribute to wound infection following osteosar-
coma excision. Consistent with the results of previous domes-
tic studies, this may be because the combination of diabetes,
hypertension, COPD, and other primary diseases can reduce
the compensatory ability of essential organs. Surgical trauma
will further reduce immunity, so the risk of wound infection is
relatively increased.!'$!"! For example, in patients with diabe-
tes and other primary diseases, hyperglycemia can easily cause
metabolic disorders, reduce the body’s immunity, and quickly
induce wound infection."'8! Therefore, elective surgery can be
performed for patients with primary diseases before osteosar-
coma resection to control the relevant indicators within the
average range level to reduce the incidence of postoperative
wound infection.

Our study summarized the causes as the combined effects
of the following factors: primary diseases such as diabetes,
hypertension, and atherosclerosis seriously affect the nutrient
arteries and periosteal arteries of bone, resulting in their endo-
thelial cell injury, vascular inflammation, etc.; ultimately lead-
ing to vascular lesions, local blood flow reduction and oxygen
supply obstruction?*22; underlying pulmonary diseases such
as chronic bronchopneumonia, which seriously affect the con-
tent of urea?>*¥; after osteosarcoma resection, the local blood
vessels of the operation suffer a certain degree of damage; and
low RBC reduces the red blood cell perfusion of the bone and
surrounding soft tissues, resulting in the lack of oxygen supply
to the osteosarcoma resection site. After a double blow from the
primary disease with low RBCs, oxygen supply to the orthope-
dic surgical site is decreased, nutrition disorders, delayed wound
healing, and increased risk of wound infection. Low RBC is
associated with worse knee surgery outcomes and extended
hospital stays (LOS).”*) Therefore, preoperative correction of
low RBCs becomes an important medical cost control strategy.
In addition, if the patient is to undergo elective osteosarcoma
resection, the timing of surgery can be delayed until the risk fac-
tor is corrected. Blood management protocols of international
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Figure 2. ROC curves to determine the effect of basic diseases, red blood cell, and their interaction on the occurrence of wound infection after osteosarcoma

resection. ROC = receiver operating characteristic.

guidelines now also recommend early detection of preopera-
tive anemia, identification of the cause, and treatment of any
potentially reversible cause such as iron deficiency anemia.?¢!
Such prevention can reduce complications such as postoperative
wound infection, postoperative blood transfusion, LOS, and
readmission. In order to correct low RBC, manage the condition
of primary diseases, and further assess the risk of postoperative
wound infection in this patient undergoing elective osteosar-
coma resection, active treatment should be given to this popu-
lation before osteosarcoma resection after preoperative control
of blood glucose, blood pressure, and other related indicators
within the normal range.

Our study has some limitations. First, the cross-sectional
design of this study makes it challenging to establish any causal
relationship based on the collected data. To determine the fac-
tors that increase the incidence of postoperative wound infec-
tion in osteosarcoma excision, prospective and interventional
studies are required. Second, the data collection method may
have introduced a risk of bias.

5. Conclusion

In conclusion, patients with primary illnesses and low RBC risk
developing an infection in the surgical site after removing osteo-
sarcoma. Patients with these conditions make up most of those
who get such an infection.
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