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ABSTRACT

Background: Surgical-site infection is a significant postoperative complication in general surgery and is associated with delayed recovery,
readmission, reoperation, and higher health care costs. Clinically, early detection of patients at higher risk is important. Some inflammatory markers
like C-reactive protein, total leukocyte count, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio may be helpful in understanding the
development of a postoperative infection.

Objective: To compare preoperative and postoperative inflammatory markers and assess their value in predicting surgical-site infection among
patients undergoing elective general surgery.

Methods: The study was a prospective observational study of 88 patients who were undergoing elective general surgical procedures from September
2025 to February 2026 at the Department of General Surgery, Jakarta State University, Indonesia. Preoperative and early postoperative inflammatory
markers (total leukocyte count, neutrophil count, lymphocyte count, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and C-reactive
protein) were taken. Surgical-site infection (SSI) was followed in patients. Patients with and without SSIs were compared and receiver operating
characteristic curve analysis was used to assess the predictive capacity of individual inflammatory markers.

Results: Surgical-site infection developed in 16 of 88 patients (18.2%). Postoperative inflammatory markers were significantly higher than their
corresponding preoperative values. Patients who developed SSI had substantially higher postoperative CRP, NLR, WBC, and PLR compared with
patients without infection. Postoperative CRP demonstrated the highest predictive performance, with an AUC of 0.86, followed by postoperative NLR
with an AUC of 0.82 and postoperative WBC with an AUC of 0.79. Multivariable analysis showed that elevated postoperative CRP, elevated
postoperative NLR, and prolonged operative duration were independently associated with SSI.

Conclusion: Postoperative inflammatory markers, particularly CRP and NLR, appear to be more useful than preoperative measurements for
predicting surgical-site infection after elective general surgery. Their routine assessment may assist in early identification of high-risk patients and
support closer postoperative surveillance.
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INTRODUCTION

urgical-site infection is considered to be one of the most

clinically significant complications after surgical procedures.

Can have a negative impact on the healing process, length of
hospital stays, need for extra medical interventions like
antibiotics, and can be expensive for patients and health systems.
Despite advances in surgical technique, peri-operative antibiotic
prophylaxis, better sterilisation and infection control measures,
postoperative wound infections are still a clinically significant
problem in a substantial proportion of those undergoing general
surgical procedures (1-3).
There are two types of factors that play a role in the development
of SSI, patient-related and procedure-related factors (4). The
factors that have been linked to an increased risk of postoperative
infection include advanced age, obesity, diabetes mellitus,
smoking, poor nutritional status, longer surgical time, ASA
classification and surgical drainage. But, symptoms of infection
can be delayed after surgery. This lag time makes targeted
laboratory markers that can detect an abnormal inflammatory
response post-surgery early on desirable (5, 6).
A variety of commonly available inflammatory parameters have
been studied for this. C-reactive protein (CRP) is an acute-phase
protein that is primarily synthesized in the liver in response to
pro-inflammatory cytokines and is often elevated following tissue
injury, infection, and surgery. Surgical stress and bacterial
infection also causes the rise of total leukocyte count and
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neutrophil count (7). More recently, the neutrophil-to-lymphocyte
ratio and platelet-to-lymphocyte ratio have become the focus of
interest as simple markers of systemic inflammation. This is
appealing because these ratios can be quickly and easily generated
from a routine complete blood count without extra costs or special
laboratory testing (8, 9).

However, it can sometimes be difficult to interpret inflammatory
markers post-operatively as surgery causes a physiological
inflammatory response. If CRP, leukocyte count or NLR rises in the
early postoperative period, this does not necessarily mean that the
patient has become infected (10). Therefore, it might be more
useful to assess the magnitude of the postoperative change as well
as comparing postoperative values between patients with and
without SSI. Likewise, comparisons of the pre- and post-operative
inflammatory profile can be used to see if pre-operative
inflammatory profile or the post-operative inflammatory profile is
more predictive (11).

Patient risk for SSI may be identified at an early stage, which will
facilitate improved clinical decision making, including the ability
to monitor the wound more closely, promptly order
microbiological testing to determine if infection is present or to
guide judgment about when to intervene, and intervene
appropriately when there is a suspicion of infection. The ability to
use simple and low-cost inflammatory markers is especially useful
in areas where access to more complicated diagnostic testing may
be difficult. But, the relative predictive value of surgical, versus
post-surgical inflammation markers in elective general surgery is
poorly characterized (12, 13).

Therefore, the present study was conducted to compare
preoperative and postoperative inflammatory markers and
determine their usefulness in predicting surgical-site infection
among patients undergoing elective general surgery. The study
particularly evaluated CRP, total leukocyte count, NLR, and PLR
and assessed whether postoperative values provided better
predictive information than their corresponding preoperative
measurements.
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METHODOLOGY

This prospective observational study was conducted at the
Department of General Surgery, Jakarta State University,
Indonesia, from September 2025 to February 2025. A total of 88
patients undergoing elective general surgical procedures were
enrolled during the study period. Patients were recruited through
a consecutive non-probability sampling technique after
assessment of eligibility according to predefined inclusion and
exclusion criteria. Ethical approval was obtained from the
relevant institutional review committee before initiation of the
study, and written informed consent was obtained from all
participants after explaining the purpose and procedures of the
research.

Included were adult patients (18 years of age or older) scheduled
for elective general surgery. Patients with laboratory or follow-up
data that was incomplete, those who were taking long-term
corticosteroid or immune-suppressing therapy, patients with
chronic inflammatory or autoimmune disease, patients with an
active infection prior to surgery, and patients undergoing
emergency surgery were excluded. Procedures performed for
active sepsis or grossly contaminated surgical conditions were
also excluded as these may contribute to the inflammation and
make the interpretation of postoperative surgical-site infection
difficult.

Data collected on a structured data collection form was used to
obtain baseline demographic and clinical data. The variables
considered were age, sex, body mass index, smoking history,
diabetes mellitus, hypertension, American Society of
Anesthesiologists physical status classification, type of elective
surgical procedure, operation duration, drain placement, and
other factors in the surgical procedure that might be relevant.
Preoperative preparation, skin antisepsis, prophylactic antibiotic
use, surgical technique and postoperative wound care were
performed according to standard institutional procedures.
Surgery time was recorded as the time elapsed from the beginning
of the operative procedure to the end of the closure of the wound.
Preoperative and early postoperative (as per the study protocol)
blood samples were drawn for evaluation of inflammatory
markers. Preoperative samples were taken prior to surgery and
postoperative samples were taken within the first 24-48 hours
after surgery. The hospital hematology analyzer was used for
measuring the total leukocyte count, neutrophil count,
lymphocyte count and platelet count. The C-reactive protein was
measured by the routine biochemical laboratory method.
Neutrophil to lymphocyte ratio was defined as the absolute
neutrophils count/absolute lymphocytes count and platelet to
lymphocytes ratio was defined as the absolute platelets
count/absolute lymphocytes count. WBC, NLR, PLR and CRP were
documented before and after surgery and analyzed.

All patients were observed after surgery for the presence of
surgical-site infection in hospital and at follow-up. The standard
clinical definition of SSI was used and classification was made as
superficial incisional, deep incisional and organ/space infection (if
applicable). Clinical signs and symptoms recorded were the
presence of erythema, local pain or tenderness, swelling, purulent
discharge, wound dehiscence, fever and positive microbiological
culture. Primary outcome was SSI, and patients were divided into
SSI and non-SSI groups for comparison of levels of inflammatory
markers.

Data were entered and analyzed by IBM SPSS Statistics version
25.0. Data were reported as a mean value + standard deviation for
data with normal distribution and as median value with an
interquartile range if the data do not have a normal distribution.
Categorical variables were presented as frequency and
percentage. Preoperative and postoperative levels of
inflammatory markers were compared by the paired-samples t
test or by Wilcoxon's signed rank test, depending on the
distribution of data. Independent-samples t-test, Mann-Whitney
U test, chi-square test or Fisher's exact test were applied to
compare patients with and without SSI as appropriate. The ability
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of inflammatory markers to predict SSI was assessed using
receiver operating characteristic curve analysis and area under
the curves, optimal cut-off, sensitivity and specificity were
reported. Variables with clinically relevant or statistically
significant associations were included in multivariable logistic
regression to determine independent factors associated with SSI.
A p value <0.05 was defined as statistically significant.

RESULTS

There were 88 patients included in the study, who were
undergoing elective general surgical procedures. There were 13
male and 2 female participants, with an average age of 46.8 + 13.2
years (range 19-72 years). Of the total participants, 51 (58.0%)
were male and 37 (42.0%) were female. The mean body mass
index was 26.7 + 3.9 kg/m?. Diabetes mellitus was present in 19
(21.6%) patients, hypertension was present in 23 (26.1%)
patients and 17 (19.3%) participants were current smokers. The
majority of the patients were ASA class I or II. Surgical-site
infection occurred in 16 patients (18.2%) and was non-occurrence
among 72 patients (81.8%) in the follow-up period after surgery.

Table 1: Baseline Demographic and Clinical Characteristics of the
Study Participants

Characteristics Total patients (n=88)
Age, years, mean * SD 46.8+13.2
Male 51 (58.0%)
Female 37 (42.0%)
BMI, kg/m? mean + SD 26.7 +3.9
BMI 230 kg/m? 18 (20.5%)

Diabetes mellitus 19 (21.6%)
23 (26.1%)
17 (19.3%)
32 (36.4%)
44 (50.0%)
12 (13.6%)
31 (35.2%)
92.6 +29.4
16 (18.2%)
72 (81.8%)

Hypertension

Current smoking

ASA class

ASA class 11

ASA class 111

Drain placement

Duration of surgery, minutes, mean * SD

Surgical-site infection

No surgical-site infection

Inflammatory responses after the surgery were noted as an
elevation in total leukocyte count, neutrophil count, NLR, PLR, and
C-reactive protein as compared to the preoperative levels. Mean
WBC increased from 7.43 + 1.61 x10° /L preoperatively to 10.18 +
2.35 x10°/L postoperatively (p<0.001). Similarly, mean NLR
increased from 2.61 + 1.02 to 5.17 + 2.46 (p<0.001). The largest
increase in postoperative was shown in CRP with pre and post
level of 6.84 +4.76 vs.34.92 + 22.63 (p<0.001). PLR also increased
significantly following surgery.

Table 2: Comparison of Preoperative and Postoperative

Inflammatory Markers

::11;]:12 Ir‘natory Preoperative Postoperative cnl;l::;e p-value
WBC, x10°/L 743 +1.61 10.18 +2.35 +2.75 <0.001
Neutrophils, x10°/L 4.62+1.28 7.64 £2.17 +3.02  <0.001
Lymphocytes, x10°/L 1.95+0.57 1.61+0.52 -0.34 <0.001
NLR 2.61+1.02 5.17 + 2.46 +2.56  <0.001
Platelets, x10°/L 267.5+61.2 279.8 £ 65.7 +12.3 0.041

PLR 142.8 + 46.7 182.6 + 68.9 +39.8 <0.001
CRP, mg/L 6.84 +4.76 3492 +£22.63 +28.08 <0.001

Patients with subsequent SSI had elevated levels of inflammatory
markers as compared with patients without SSI. There were no
significant differences in preoperative CRP and NLR levels
between patients with and without SSI, although the differences
were significant for postoperative levels of these markers. Patients
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with SSI had significantly higher mean postoperative CRP than
patients without SSI (p<0.001); 61.8 + 23.7 mg/L vs. 289 + 16.4
mg/L, respectively. Similarly, postoperative NLR was significantly
higher in the SSI group (7.46 + 2.59 versus 4.66 + 2.16, p<0.001).
WBC and PLR were also significantly high in those who developed
infection in the postoperative period.

Table 3: Comparison of Inflammatory Markers according to
Surgical-Site Infection Status

Marker SSI (n=16) (“I'l ° ggl) SR
Preoperative WBC, x10°/L 7.92 +1.63 7.32+1.59 0.173
Postoperative WBC, x10%/L 12.31 + 2.39 9.71+2.08 <0.001
Preoperative NLR 3.02+1.15 2.52+0.97 0.071
Postoperative NLR 7.46 + 2.59 4.66+216 <0.001
Preoperative PLR 154.7 £+49.5 140.2+46.0 0.260
Postoperative PLR 2289728 1723+641 0.003
Preoperative CRP, mg/L 9.11+5.34 6.34 +4.51 0.032
Postoperative CRP, mg/L 61.8 £ 23.7 289+164  <0.001

Clinical and operative factors were also evaluated with regard to
SSI. The diabetes mellitus, obesity, longer surgical time and intra-
operative drain placement were significant risk factors for
infection. SSI occurred in 7 of 19 diabetic patients (36.8%)
compared with 9 of 69 non-diabetic patients (13.0%) (p=0.021).
Likewise, a longer operative time (more than 120 minutes) was
associated with an increased incidence of infection compared with
a shorter operative time. Smoking and hypertension had a higher
percentage of SSI, though they were not significant.

Table 4: Clinical and Operative Factors Associated with Surgical-
Site Infection

Factor SSI, n (%) No SSI, n (%) p-value
Diabetes mellitus 7 (43.8%) 12 (16.7%) 0.021
BMI 230 kg/m? 6 (37.5%) 12 (16.7%) 0.048
Current smoking 5(31.3%) 12 (16.7%) 0.184
Hypertension 6 (37.5%) 17 (23.6%) 0.245
ASA class 111 4 (25.0%) 8 (11.1%) 0.137
Surgery >120 minutes 7 (43.8%) 10 (13.9%) 0.006
Drain placement 9 (56.3%) 22 (30.6%) 0.049

ROC analysis showed that postoperative inflammatory markers,
but not preoperative, had superior discriminatory power for the
prediction of SSI. The highest predictive performance was for
postoperative CRP (AUC 0.86), followed by the postoperative NLR
(AUC 0.82) and the postoperative WBC (AUC 0.79). A
postoperative CRP cut-off of 45 mg/L had a sensitivity of 81.3%
and specificity of 79.2% for SSI diagnosis.

Table 5: Diagnostic Performance of Inflammatory Markers for
Prediction of Surgical-Site Infection

Marker AUC 95%CI Sl:ig:z;:d Sensitivity Specificity
Eae;perad"e 0.66 0.53-0.79 75mg/L  62.5% 65.3%
zg"perati"e 086 076-095 45mg/L  813%  79.2%
;ﬁ;’perad"e 0.63 0.49-0.77 2.8 62.5% 61.1%
E‘]’fl{(’peraﬁve 082 071-092 58 75.0% 76.4%
&‘,’;tc"perative 0.79 0.67-0.90 10.8x10°/L  75.0% 72.2%
gi;t"perative 0.73 0.60-0.86 195 68.8% 70.8%

In multivariate logistic regression, CRP, NLR levels at the end of
surgery and surgery duration were independently associated with
SSI, after adjusting for relevant clinical factors. There was a four-
times higher risk of SSI when the postoperative CRP was above the
threshold identified. High postoperative NLR was also linked with
the risk of infection.
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Table 6: Multivariable Predictors of Surgical-Site Infection

Predictor Adjusted OR 95% CI p-value
Postoperative CRP 245 mg/L 4.32 1.32-14.12 0.016
Postoperative NLR 25.8 3.47 1.08-11.18 0.037
Diabetes mellitus 2.41 0.72-8.06 0.153
BMI 230 kg/m? 1.94 0.56-6.70 0.294
Surgery >120 minutes 3.68 1.06-12.74 0.040
Drain placement 1.82 0.55-6.06 0.329

Overall, the findings demonstrated that postoperative
inflammatory markers were more strongly associated with SSI
than their corresponding preoperative values. Among the
evaluated biomarkers, postoperative CRP demonstrated the
greatest discriminatory ability, followed by postoperative NLR and
WBC. These findings suggest that early postoperative
measurement of inflammatory markers may assist in identifying
patients at increased risk of developing surgical-site infection
after elective general surgery.

Figure 1
ROC Curves for Prediction of Surgical-Site Infection
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Figure 1. Receiver operating characteristic curves showing the predictive performance of selected
inflammatory markers for surgical-site infection. Postoperative CRP showed the highest discriminatory
ability, followed by postoperative NLR and postoperative WBC.

The present study evaluated the usefulness of preoperative and
postoperative inflammatory markers in predicting surgical-site
infection among patients undergoing elective general surgery. The
findings showed that postoperative inflammatory markers were
more strongly associated with SSI than their corresponding
preoperative values. In particular, postoperative C-reactive
protein, neutrophil-to-lymphocyte ratio, and total leukocyte count
were significantly higher among patients who subsequently
developed SSI. These results suggest that the early postoperative
inflammatory response may provide clinically useful information
for identifying patients at increased risk of infectious
complications before clear wound-related manifestations become
evident (13, 14).

Inflammatory markers were seen to significantly increase after
surgery, as surgical trauma triggers a systemic inflammatory
response. This increase, however, was significantly higher in SSI
patients. Postoperative CRP showed the best discriminatory
ability (AUC 0.86) and was able to distinguish between patients
with and without SSI (15). CRP is an acute-phase reactant which
increases quickly with tissue damage and infection. Surgery-
related rise may be physiological, but if the level is persistently
raised or is higher than normal, it may indicate a progressive
infectious process, rather than the physiological rise seen after
surgery. The relatively poor predictive value of preoperative CRP
in the current study is another indication of the value of
postoperative monitoring (16).

Postoperative NLR also proved to be a potential predictor of SSI.
Patients with infection had significantly higher NLR levels than
the patients without infection. The combined processes of
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neutrophilia with relative lymphopenia in acute inflammatory and
physiological stress may account for this finding. The main
advantages of NLR are that it is cheap, can be easily calculated
from the standard complete blood count, and is available even in
resource-limited settings. However, in this study, postoperative
NLR was more predictive than preoperative NLR, indicating that
the change or the dynamic response to surgical stress may be
more informative than just a baseline measurement. There was
also a significant difference in postoperative leukocyte count and
PLR between the SSI and non-SSI groups, but their discriminatory
power was not as high as that of CRP and NLR (17, 18).

Other clinical and operative factors also were related to the
development of SSI. Patients who developed infection had a higher
incidence of diabetes mellitus, obesity, longer operation, and
placement of the drain. Obesity may be associated with low tissue
perfusion and high tension and diabetes may predispose to
postoperative infection due to decreased immune function and
delayed wound healing. Extended operations might result in
longer exposure to environmental contamination and also longer
tissue manipulation, increasing the risk of bacterial inoculation. In
the multivariable model, surgical duration (longer than 1 hour)
was independently associated with SSI as well as increased CRP
and NLR values after surgery. These results suggest that
prediction of SSI must not rely exclusively on markers of
inflammation, and must take into account the patient- and
procedure-specific risk factors (19, 20).

The clinical implication is that to help surgeons better recognize
patients who are at high risk, and therefore might need special
attention to the wound, early diagnostic evaluation or more
frequent follow-up, as assessed through measurement of
inflammatory markers. Postoperative CRP seemed to be the most
powerful marker while NLR may be a valuable complementary
marker as it can be computed without extra laboratory expense.
These markers in combination with clinical risk factors could help
better stratify the risk of early disease and enable management of
potential infection. Inflammatory markers should be used in
conjunction with other parameters, however, as surgery itself
gives rise to a physiological inflammatory response, high levels
are not specific for infection (21).

There are some limitations of this study. It was done on a
relatively small number of patients (88) and in one surgical
location, which may restrict the extent to which the results may be
applicable across different surgical locations and different

REFERENCES

1. GeZ LiuX, Jing X, Wang ], Guo Y, Yang H, et al. Logistic regression
model predicts early surgical site infection after spinal fusion: a
retrospective cohort study. 2024;149:65-76.
https://doi.org/10.1016/j.jhin.2024.04.018

2. Inose H, Kobayashi Y, Yuasa M, Hirai T, Yoshii T, Okawa AJJoOS.
Postoperative lymphocyte percentage and neutrophil-lymphocyte
ratio are useful markers for the early prediction of surgical site
infection in spinal decompression surgery. 2020;28(2):
2309499020918402.
https://doi.org/10.1177/2309499020918402

3. Roch PJ, Ecker C, Jackle K, Meier M-P, Reinhold M, Klockner FS, et al.
Interleukin-6 as a critical inflammatory marker for early diagnosis of
surgical site infection after spine surgery. Infection.
2024;52(6):2269-77
https://doi.org/10.1007 /s15010-024-02271-4.

4. WuX, MaX, Zhu], Chen C. C-reactive protein to lymphocyte ratio as a
new biomarker in predicting surgical site infection after posterior
lumbar interbody fusion and instrumentation. 2022;Volume 9 -
2022,
https://doi.org/10.3389 /fsurg.2022.910222.

5. Lenski M, Tonn J-C, Siller S. Interleukin-6 as inflammatory marker of
surgical site infection following spinal surgery. Acta Neurochirurgica.
2021;163(6):1583-92
https://doi.org/10.1007/s00701-020-04628-8.

6.  Delgado-Miguel C, Mufioz-Serrano A], Moratilla L, Miguel-Ferrero M,
Delgado B, Camps ], et al. Neutrophil-to-lymphocyte ratio as a
predictor of surgical site infection in acute appendicitis. Translational
pediatrics. 2023;12(4):552-9
https://doi.org/10.21037 /tp-22-360.

Relationship between Smartphone Screen Time, Physical Activity, and Self-Reported Fatigue among Medical Students

numbers of patients. There is a degree of variation between the
different elective procedures in their inflammatory reaction after
surgery, which could lead to variation in the level of biomarker.
Moreover, inflammatory markers were evaluated at a single point
in time, namely early postoperative time, not over the course of
several postoperative days. Serial measurements may give more
details of the nature and duration of inflammatory responses
related to SSI. Larger multicenter prospective studies are thus
recommended for validation of the identified cut-off values and to
further investigate whether it is possible to enhance early
detection by using a predictive score based on a combination of
CRP, NLR and clinical risk factors.

CONCLUSION

Postoperative inflammatory markers were more useful than
preoperative measurements for predicting surgical-site infection
following elective general surgery. Postoperative CRP
demonstrated the strongest predictive performance, followed by
NLR and total leukocyte count. Elevated postoperative CRP and
NLR, together with prolonged operative duration, were important
independent predictors of SSI. Routine assessment of these readily
available inflammatory parameters may help identify patients at
increased risk of postoperative infection and support closer
clinical surveillance. Further larger and multicenter studies are
required to validate these findings and establish standardized
postoperative cut-off values for clinical use.

Authors’ Contribution

AW: Concept & study design, data collection and drafting of the
manuscript.

DS: Data entry, statistical analysis, interpretation of the results.
Y]: Manuscript editing and critical revision of the manuscript.

All authors approved the final version of the manuscript to be
published.

Conflict of Interest
The authors declared no conflict of interest.

Funding
No funding was received by the authors.

Data Availability
Data is available with authors and can be provided on request

7. Song], Lu Y. Composite Inflammatory Indicators as Early Predictor of
Intra-abdominal Infections after General Surgery. Journal of
Inflammation Research. 2021;14(null):7173-9
https://doi.org/10.2147/JIR.S340745.

8. Li D, Ding S, Li ], Liao X, Ru K, Liu L, et al. Diagnostic value of
inflammatory indicators for surgical site infection in patients with
breast cancer. 2023;Volume 13 - 2023
https://doi.org/10.3389 /fcimb.2023.1286313.

9.  Pattou M, Fuks D, Guilbaud T, Le Floch B, Leliévre O, Tribillon E, et al.
Predictive value of C-reactive protein for postoperative liver-specific
surgical site infections. Surgery. 2024;175(5):1337-45
https://doi.org/10.1016/j.surg.2024.01.030

10. Qian B, Zheng Y, Jia H, Zheng X, Gao R, Li W. Neutrophil-lymphocyte
ratio as a predictive marker for postoperative infectious
complications: A systematic review and meta-analysis. Heliyon.
2023;9(5).
https://doi.org/10.1016/j.heliyon.2023.e15586.

11. Mao F, Song M, Cao Y, Shen L, Cai K. Development and validation of a
preoperative systemic inflammation-based nomogram for predicting
surgical site infection in patients with colorectal cancer. International
Journal of Colorectal Disease. 2024;39(1):208.
https://doi.org/10.1007 /s00384-024-04772-y.

12. Miyazaki K, Jwa SC, Katayama E, Tamaru S, Ishihara O, Kamei Y.
Postoperative C-reactive protein as a predictive marker for surgical
site infection after cesarean section: Retrospective analysis of 748
patients at a Japanese academic institution. PLOS ONE.
2022;17(9):e0273683.
https://doi.org/10.1371/journal.pone.0273683.

13. Miyamoto A, Tanaka M, Flores AO, Yu D, Jain M, Heng C, et al.
Predicting Surgical Site Infections in Spine Surgery: Association of

Pakistan Journal of Healthcare Research | Vol.3 No. 1 (2026)

Page | 21



Wang A etal,,

14.

15.

16.

17.

Postoperative Lymphocyte Reduction. Diagnostics [Internet]. 2024;
14(23):[2715p.].

https://doi.org/10.3390/diagnostics14232715

Zheng S, Wang Z, Qin S, Chen J-T. Usefulness of inflammatory markers
and clinical manifestation for an earlier method to diagnosis surgical
site infection after spinal surgery. International orthopaedics.
2020;44(11):2211-9
https://doi.org/10.1007/s00264-020-04567-0.

Farhan-Alanie OM, Ha TT, Doonan ], Mahendra A, Gupta S.
Inflammatory prognostic scoring systems are risk factors for surgical
site infection following wide local excision of soft tissue sarcoma.
European Journal of Orthopaedic Surgery & Traumatology.
2022;32(8):1591-9

https://doi.org/10.1007/s00590-021-03142-6.

Imabayashi H, Miyake A, Chiba K. A novel approach for identifying
serological markers indicative of surgical-site infection following
spine surgery: Postoperative lymphopenia is a risk factor. Journal of
Orthopaedic Science. 2022;27(3):588-93
https://doi.org/10.1016/j.jos.2021.03.003

Erciyestepe SG, Boran AB, Yildirim MS, Erciyestepe M. Is it possible to
predict Surgical Site Infection? Malawi medical journal : the journal
of Medical Association of Malawi. 2023;35(3):190-5

18.

19.

20.

21.

Relationship between Smartphone Screen Time, Physical Activity, and Self-Reported Fatigue among Medical Students

https://doi.org/10.4314 /mmj.v35i3.9.

Zhuo Y, Cai D, Chen ], Zhang Q, Li X. Pre-surgical peripheral blood
inflammation markers predict surgical site infection following mesh
repair of groin hernia. Medicine (Baltimore). 2021;100(9):e25007
https://doi.org/10.1097 /md.0000000000025007.

Maritati M, Trentini A, Chemello D, Mazzoni E, Cervellati C, Zanoli GA,
et al. Predictive Factors of Surgical Site Infection in Prosthetic Joint
Surgery: A Prospective Study on 760 Arthroplasties. Mediators of
Inflammation. 2022;2022(1):2150804
https://doi.org/10.1155/2022/2150804

Huang M, Yuan Z, Que M. Predictive Value of Preoperative Peripheral
Blood Inflammatory Markers for Surgical Site Infection in
Laparoscopic Radical Gastrectomy for Gastric Cancer. Surgical
Infections. 2024;25(9):645-51
https://doi.org/10.1089/sur.2024.009.

Liu D, Zhu Y, Chen W, Li M, Liu S, Zhang Y. Multiple preoperative
biomarkers are associated with incidence of surgical site infection
following surgeries of ankle fractures. International Wound Journal.
2020;17(3):842-50

https://doi.org/10.1111/iwj.13351

Pakistan Journal of Healthcare Research |

Vol. 3 No. 1 (2026)

Page | 22



