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Summary
Aim To investigate associations between the postopera-
tive immune response and the levels of extracellular cir-
culating DNA (cDNA), C-reactive protein (CRP), neutro-
phil/lymphocyte (N/L) ratio, and regulatory T (T

reg
) cells 

in the peripheral blood and their role as potential predic-
tors of postoperative septic complications.

Methods This was a prospective observational study 
involving 115 adult patients who underwent elective sur-
gery. Patients were divided into three groups: with benign 
disease, with malignant disease, and with malignant dis-
ease and administration of dexamethasone. Serum CRP 
levels, N/L ratio, monocyte human leukocyte antigen-DR 
(HLA-DR) expression, proportion of Treg

 cells, and cDNA 
levels were measured at different time points before and 
after surgery.

Results All patients had increased CRP levels after 
surgery. Septic patients had higher serum CRP levels 
at baseline. Compared with the other groups, the dexa-
methasone group had significantly higher CRP levels 
before and after surgery, a significantly higher N/L ratio 
before surgery, a significantly lower rise in the N/L ratio 
after surgery, and a significantly lower HLA-DR expres-
sion at baseline, which remained stable after surgery. In 
the malignant-disease group, we observed a significant 
postoperative decrease in the HLA-DR expression.

Conclusions Our results suggest that the immunosup-
pressive effect of surgery and the presence of a malignant 
disease may contribute to a higher risk of postoperative 
sepsis. Preoperative CRP levels may be a reliable predic-
tor of sepsis in oncological patients.

Keywords C-reactive protein  · Neutrophils  · Lympho-
cytes · Immunity · Postoperative period

Postoperative Marker der Immunsuppression 
und die Entstehung von Sepsis bei Patienten mit 
benignen und malignen Erkrankungen

Zusammenfassung
Ziel der Studie war es, Zusammenhänge zwischen der 
postoperativen Immunantwort und den Konzentratio-
nen der zirkulierenden extrazellulären DNA (cDNA), des 
CRPs, des Quotienten Neutrophile/Lymphozyten (N/L) 
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und der regulatorischen T (Treg) Zellen im peripheren 
Blut sowie deren Rolle als mögliche Vorhersager von post-
operativen septischen Komplikationen zu untersuchen.

Methoden In diese prospektive Beobachtungsstudie 
haben wir 115 erwachsene Patienten, die einer elekti-
ven Operation unterzogen wurden, eingeschlossen. Die 
Patienten wurden in 3 Gruppen eingeteilt: eine mit beni-
gner Erkrankung, eine mit maligner Erkrankung und eine 
mit maligner Erkrankung und Gabe von Dexamethason. 
Die Serum-Konzentrationen des CRPs, der N/L Quotien-
ten, der HLA-DR Expression der Monozyten, des Anteils 
der Treg Zellen und die Konzentrationen der cDNA wur-
den zu verschiedenen Zeitpunkten vor und nach der 
Operation gemessen.

Ergebnisse Alle Patienten hatten nach der Operation 
erhöhte CRP Konzentrationen. Bei den Patienten mit post-
operativer Sepsis waren die CRP Ausgangswerte höher. 
Im Vergleich mit den anderen Gruppen hatte die Gruppe 
der Patienten mit Dexamethason signifikant höhere CRP 
Werte vor und nach der Operation. Außerdem waren die 
N/L Quotienten präoperativ vergleichsweise signifikant 
erhöht, während postoperativ bei dieser Gruppe ein sig-
nifikant niedrigerer Anstieg der N/L Quotienten beob-
achtet wurde. Die Ausgangswerte der HLA-DR Expression 
waren bei diesen Patienten signifikant erniedrigt und 
blieben postoperativ stabil. Bei der Gruppe der Patienten 
mit maligner Erkrankung beobachteten wir postoperativ 
einen signifikanten Abfall der HLA-DR Expression.

Schlussfolgerungen Unsere Ergebnisse lassen vermu-
ten, dass der immunsuppressive Effekt einer Operation 
und das Vorliegen einer malignen Erkrankung zu einem 
erhöhten Risiko für das Auftreten einer postoperativen 
Sepsis beitragen können. Präoperative CRP Werte schei-
nen einen verlässlichen Vorhersagewert bezüglich Sepsis 
bei onkologischen Patienten zu haben.

Schlüsselwörter C-reaktives Protein  · Neutrophile  · 
Lymphozyten · Immunstatus · Postoperative Phase

Introduction

Surgical trauma is followed by an inflammatory response 
as part of an adaptive immune response. The response 
of a host to surgery and injury occurs in two consecu-
tive phases: systemic inflammatory response syndrome 
(SIRS) develops first and then evolves into compensated 
anti-inflammatory response syndrome (CARS) within 
several days or weeks [1–11]. Both the type and site of the 
surgery affect the postoperative immune response. It is 
generally acknowledged that abdominal operations, due 
to their extent and high risk of microbial contamination, 
are often associated with SIRS and secondary immuno-
suppression. The surgical damage to anatomical barriers 
facilitates the penetration of pathogenic microbes into 
the body. This, together with decreased immunoreac-
tivity, weakens the natural antimicrobial protection and 
makes the host susceptible to infection [2, 5–9, 12, 13].

Although a positive correlation between postoperative 
immunosuppression and the occurrence of infection-
related postoperative complications has been reported, 
so far there has been no conclusive evidence to confirm 
this association [14, 15]. Immune reactivity in the post-
operative period may be affected by such factors as age, 
sex, primary and associated diseases, as well as the drugs 
that have been taken before, during, or after the surgery 
[1–3, 9, 16].

It is known that patients who undergo surgery due to 
malignant disease have a greater tendency to develop 
infection-related complications in the postoperative 
period [9, 17, 18]. There is no consensus as to the effect of 
the perioperative administration of immunomodulatory 
drugs (such as corticosteroids, statins, and vasoactive 
catecholamines) on immune reactivity [4, 19–27]. Given 
the complexity of the host’s immune response to tissue 
injury and surgery, it is difficult to determine the effect of 
each of the contributing factors on the expression of the 
immune response and the occurrence of postoperative 
immunodepression.

There is growing evidence that the enhanced level of 
extracellular circulating nucleic acids may be used as a 
potential biomarker for tissue injury in systemic inflam-
mation (even that caused by surgery) and sepsis, espe-
cially in patients with cancer.

The intensity of the immune reaction to surgical 
trauma can be evaluated on the basis of clinical and labo-
ratory findings specifically associated with SIRS.

However, the expression of the immune response to 
surgical trauma or injury may be assessed more accu-
rately by measuring immune activation markers, such 
as the serum levels of C-reactive protein (CRP), neutro-
phil/lymphocyte (N/L) ratio, monocyte human leuko-
cyte antigen-DR (HLA-DR) antigen expression, and the 
activity of regulatory T (Treg

) cells in the peripheral blood 
[28–30]. The extent of surgical tissue damage can be eval-
uated by measuring the serum levels of extracellular cir-
culating DNA (cDNA).

The aim of our study was to investigate how and to 
what extent the type of surgery, nature of the primary 
disease, and perioperative administration of immuno-
modulatory drugs, such as dexamethasone, affect the 
expression of the immune response and to determine 
the role of immune activation markers (such as CRP, N/L 
ratio, HLA-DR, and Treg

 cells) as potential predictors of 
postoperative septic complications.

Patients and methods

It was a prospective observational study that included a 
total of 115 patients aged from 18 to 80 years who were 
recruited between October 2010 and June 2011. All 
patients underwent elective surgery due to intestinal 
organs diseases, expansive process of central nervous 
system, or degenerative hip disease. They were classi-
fied as status I or II patients according to the American 
Society of Anesthesiologists (ASA) Physical Status Classi-



original article

776  Postoperative immunosuppression markers and the occurrence of sepsis in patients 1 3

in the sera of patients was determined by real-time PCR 
using the Quantifiler™ Human DNA Quantification Kit 
(Applied Biosystems, USA) [36]. The measurement of 
serum CRP and procalcitonin levels and the differential 
blood count used to assess the N/L ratio are part of rou-
tine laboratory tests performed in our Clinical Hospital 
Center.

Immunophenotyping of peripheral blood 
monocytes

The HLA-DR expression on monocytes was determined 
by double staining with monoclonal antibodies specific 
for HLA-DR (FITC) and CD13 (PE) (BD Biosciences, 
USA). A flow cytometry analysis was performed by FAC-
SCalibur, BD Flow Cytometer, by using the CellQuest 
software.

Statistical analysis

Data were described using descriptive statistical methods.
The Mann–Whitney and the Wilcoxon test were used 

to compare samples. The Friedman’s test was used to 
detect the differences between dependent samples. The 
receiver operating curve (ROC) analysis was used to 
determine the optimal threshold, area under the curve 
(AUC), specificity, and sensitivity of the tested param-
eters. The Spearman’s rho test was used to determine the 
association between non-normally distributed variables. 
The level of significance was set at P of 0.05. The statis-
tical analysis was performed using SPSS 17.0 (SPSS Inc., 
Chicago, IL, USA), and the ROC analysis using MedCalc 
11.5.0 (MedCalc Software, Ostend, Belgium).

Results

The study involved 115 patients. Their demographi-
cal and clinical characteristics are shown in Table  1. A 
benign disease was a cause of surgical procedure in 60 
cases (53 %), and a malignant disease in 55 (47 %). In all, 
23 patients (20 %) had metastatic or primary malignant 
brain tumor, and 10 patients (8.7 %) had stomach cancer. 
The rest of the malignant disease cases had either esoph-
agus, pancreas, or colon cancer. Hip arthrosis was a cause 
of surgery in 41 patients (35.7 %). The rest of the patients 
had benign diseases of the digestive system (ulcer coli-
tis, liver tumor, abdominal wall tumor) and central nerve 
system (meningioma, cerebral aneurism).

Statins (atorvastatin or simvastatin, 20 mg) were used 
by 13 % of the patients, mostly those with benign disease. 
Intrasurgical vasoactive support, including the dose 
of ephedrine (20–40  mg), was needed in 26.96 % of the 
patients, mostly those who underwent spinal anesthesia.

After surgery, patients were held in the intensive care 
unit for 24–48 h. Overall, 49 of the patients (42.6 %) had 

fication System. Based on the primary disease and post-
operative administration of drugs, they were divided into 
three groups: patients with benign disease (benign-dis-
ease group), patients with malignant disease (malignant-
disease group), and patients with malignant disease who 
received dexamethasone (dexamethasone group).

The exclusion criteria were as follows: clinical or 
microbiological evidence of infection, immunosuppres-
sive therapy for a longer period of time, any chronic dis-
eases that might cause immunosuppression. Patients in 
whom an ongoing infection was detected during sur-
gery were also excluded from the study. The study was 
approved by the Ethics Committees of the University 
Hospital Centre Osijek and of the Medical Faculty Osijek.

Abdominal and neurosurgical procedures were per-
formed under balanced general anesthesia, while hip 
implant surgery was performed under regional anesthe-
sia in most patients. All patients underwent the usual 
antimicrobial prophylaxis. Neurosurgical patients who 
underwent craniotomy for a primary or a metastatic 
brain tumor were administered dexamethasone in the 
perioperative period, at a dose of 8–24 mg, for minimum 
24  h, with the maximum therapy duration of 20 days. 
Drug administration began between the first and 13th 
day before the surgery and continued for 5–10 days after 
the surgery, depending on the clinical course.

After the operation, patients were monitored in the 
intensive care unit of the Anaesthesiology Department or 
in the Intermediary Care Units of the respective surgical 
departments (abdominal surgery, orthopaedic surgery). 
Patients’ clinical status was evaluated 24 h after the sur-
gery using APACHE  III score adapted for patients who 
underwent elective surgical procedure [31].

Assessment of the immune response to surgical trauma 
and infection was based on the expression of the clinical 
signs of SIRS as well as on the changes of the hematologi-
cal and biochemical markers of immune activity. Sepsis 
was diagnosed when SIRS and clinically or microbiologi-
cally confirmed infection were determined [32]. Clini-
cal status of patients with local infection, SIRS, or sepsis 
was evaluated with APACHE III and Elebute-Stoner scale 
[33–35].

We measured serum cDNA and CRP levels, mono-
cyte HLA-DR expression, proportion of Treg

 cells, and 
N/L ratio in the peripheral blood. Blood for analysis was 
drawn from the peripheral vein. The measurements were 
conducted 1 day before the surgery (T0), 24 h after begin-
ning the surgical procedure (T1), and 2 (T2), 3 (T3), and 
5 days (T4) after the surgery. cDNA levels were measured 
at T0 and T1; CRP levels at T0, T1, T2, T3, and T4; HLA-DR 
expression and N/L ratio at T0, T1, and T2.

Measurement of extracellular circulating DNA in 
serum

We used 100 μL of serum to isolate DNA using the DNeasy 
Blood & Tissue Kit (QIAGEN GmbH, Germany), accord-
ing to the manufacturer’s protocol. The amount of cDNA 
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the infected wounds of two patients after the hip arthro-
plasty, and from the cerebrospinal fluid of two patients 
with postsurgical meningitis. Methicillin-resistant 
Staphylococcus aureus (MRSE) was isolated in patients 
with endoprothesical infection (deep infection after 
hip arthroplasty). Proteus mirabilis and Pseudomonas 
aeruginsa were isolated from the abdominal content in 
patients with diffused peritonitis. Acinetobacter baumani 
and E. faecalis were isolated in a skeptical patient with a 
negative hemoculture.

APACHE III score average value in patients with local 
infection was 27.5 (18.75–27.5), and 31 in ones with sep-
sis, while the Elebute-Stoner score in patients with local 
infection was 8 (6.5–12.5), and 14 in ones with sepsis 
(Table  2). The presence of sepsis did not contribute to 
the development of clinically relevant organic dysfunc-

mechanical ventilation during 6  h [3, 5–8]. APACHE  III 
score average value 24 h after surgery was 21 [14–27].

Postsurgical infection complications arose in 17 
patients (14.78 %) (6 infection wounds, 1 mediastinitis, 
1 peritonitis, 1 pleural empyema, 1 suphepatal apsces, 1 
deep tissue infection after hip arthroplasty, 2 postsurgi-
cal meningitis, 4 pneumonia).

A total of 10 patients developed SIRS or sepsis dur-
ing follow-up (six patients from the malignant disease-
group, two from the benign-disease group, and two from 
the dexamethasone group). SIRS without infection was 
present in two patients. Sepsis was confirmed in two 
patients by positive hemoculture (Candida albicans, 
Enterococcus faecalis), while the diagnosis in the rest of 
the septic patients was based upon the presence of SIRS 
and clinical signs of infection, as well as microbiologi-
cal test. Staphylococcus epidermidis was isolated from 

Table 1 Demographic and clinical characteristics of the patients

Benign disease (n = 60) Malignant disease (n = 37) Malignant disease + dexamethasone (n = 18) p

Age (range) 62.5 (56–72.5) 61 (55–73) 62 (54.25–74.75) 0.953b

Sex (men/women) 27 (45 %)/33 (55 %) 21 (56.8 %)/16 (43.2 %) 10 (55.6 %)/8 (44.4 %) 0.494a

Preoperative ASA status 2 (2–3) 2 (2–3) 3 (3–3)  < 0.001b

Statins, n (%) 10 (16.7 %) 2 (5.4 %) 3 (16.7 %) 0.260a

Cristaloids, Lc 5 (4.13–5.5) 5 (4.25–6) 4.5 (4–5.13) 0.257b

Coloids, Lc 0.5 (0.5–0.5) 0.5 (0.5–0.5) 0.5 (0.5–0.5) 0.556b

CE (250mld)c 2 (2–2) 2 (2–3) 1.5 (0.75–1.63) 0.270b

Vasopresors, n (%) 28 (46.7 %) 1 (2.7 %) 2 (11.1 %) < 0.001a

Mechanical ventilation, n (%) 14 (23.3 %) 22 (59.5 %) 13 (72.2 %) < 0.001a

APACHE III 24 h after the surgery 23 (14–26) 21 (14–31) 20 (10–29.5) 0.599b

Local infection, n (%) 5 (8.3 %) 2 (5.4 %) 2 (11.1 %) 0.641a

SIRS + local infection, n (%) 2 (3.3 %) 5 (13.5 %) 1 (5.6 %) 0.125a

SIRS without infection, n (%) 0 1 (2.7 %) 1 (5.6 %) 0.227a

Duration of hospital stay in days 15 (13–16) 12 (9–16) 11 (10–12.3) 0.001b

Lethal outcome, n (%) 1 (1.7 %) 1 (2.7 %) 2 (11.1 %) 0.145a

ASA American Society of Anesthesiologists, CE Concentrated Erythrocytes, SIRS systemic inflammatory response syndrome
aFisher’s exact test
bKruskal Wallis test
cAmount applied during the first 24 h
dEquals 1 dose of erythrocite concentrate

Table 2 Characteristics of the patients with local infection, systemic inflammatory response syndrome (SIRS) without infection 
and sepsis

Local infection (N = 9) Sepsis (SIRS + infection) (N = 8) SIRS without infection (N = 2) pc

APACHE IIIa 23 (19.5–28) 27 (14.5–42) 11 (5.25–12.8) 0.118

APACHE IIIb 27.5 (18.75–27.5) 31 – –

Elebute-Stonerb 8.5 (5.25–12.5) 14 – –

DNAa 4.82 (2.59–7.69) 2.47 (1.31−5.75) 4.89 (2.98–5.91) 0.418

CRPa 78.3 (24.8–83.9) 86.2 (67.8–120.8) 70.35 (15.1–92) 0.656

HLA-DRa 75.92 (72.4–84.9) 87.3 (76.4–90.8) 72.97 (54.1–56.9) 0.186

N/L ratioa 5.92 (3.97–12.17) 9.59 (5.73–13.9) 19.2 (5.6–24.8) 0.427

CRP C-reactive protein, HLA-DR human leukocyte antigen-DR, N/L ratio neutrophil/lymphocyte ratio
aMeasured 24 h after the surgery
bMeasured at the time of the infection or SIRS onset
cKruskal Wallis test
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on the second postoperative day in all three groups. Post-
operative CRP levels were significantly higher in patients 
with malignant disease in all measurements (Kruskal–
Wallis test, P < 0.001). There was also a significant differ-
ence in CRP levels within each group (Friedman’s test, 
P < 0.001, Table 3).

Immunophenotyping of the peripheral blood cells for 
monocyte HLA-DR expression was performed on the day 
before surgery and on the first and second days after the 
surgery. The HLA-DR expression decreased significantly 
after the surgery in the malignant-disease group (Fried-
man’s test, P < 0.001). The differences in the HLA-DR 
expression between the three groups are shown in Table 4.

tion like hemodynamic instability and kidney function 
disorder.

Massive pulmonary S embolism was a direct cause of 
death in a patient with liver hemangioma, pneumonia 
in a patient with (brain) glioblastoma and a patient with 
metastasic brain tumor and primary lungs tumor. Propa-
gation of malignant disease that occurred 2.5 months 
after the surgery was the cause of death in a patient with 
esophagus cancer.

Serum CRP levels were measured on the day before 
the surgery and on the first, second, third, and fifth days 
after the surgery. Baseline CRP levels were above the 
upper limit of the reference range (> 5 mg/L) in 42 % of 
the patients. The highest median CRP level was observed 

Table 3 C-reactive protein (CRP) values. A significant rise in the postoperative CRP levels was observed in all three groups, 
reaching the highest level on the second postoperative day. Patients with malignant disease had significantly higher CRP levels 
at all postoperative time points

Time point CRP levels (mg/L) in the study groups P b

Benign disease Malignant disease Malignant disease + dexamethasone

n Ma (25–75 %) P c n M (25–75 %) P c n M (25–75 %) P c

Days after 
surgery

60 3.70 (2.32–6.4) < 0.001 37 6.4 (2–12.5) < 0.001 18 6.25 (1.3–13.7) < 0.001 0.357

Day 1 60 63.50 (40.4–83.2) 37 111.3 (78.5–139.9) 18 25.1 (13.8–40.6) < 0.001

Day 2 60 98.35 (71.3–131.4) 37 147.4 (100.8–217) 18 54.5 (16.1–79.2) < 0.001

Day 3 60 83.7 (63.9–129.1) 37 115.2 (73.7–186.7) 18 24.7 (17–68.5) < 0.001

Day 5 60 51 (24.7–84.4) 37 89.5 (35–134) 18 16.9 (6.6–27.4) < 0.001
aMedian (interquartile range)
bKruskal–Wallis test
cFriedman’s test

Table 4 Monocyte human leukocyte antigen-DR (HLA-DR) expression in the study groups. All groups showed a decrease in 
HLA-DR levels. A statistically significant decrease was observed in patients with a malignant disease without dexamethasone 
administration

Time point Monocyte HLA-DR expression (%) in the study groups P b

Benign disease Malignant disease Malignant disease + dexamethasone

n Ma (25–75 %) P c n M (25–75 %) P c n M (25–75 %) P c

Day before 
the surgery

55 86.7 (79.1–80.9) 0.133 37 87.8 (79.4–90.9) < 0.001 17 73.6 (61.9–80.8) 0.465 < 0.001

Day 1 50 80.4 (73–87.1) 37 79.7 (72.9–85.2) 17 74.4 (67.7–82.2) 0.135

Day 2 48 78.6 (72.8–85.5) 37 77.9 (71.4–84.5) 17 69.8 (64.2–83.7) 0.245
aMedian (interquartile range)
bKruskal–Wallis test
cFriedman’s test

Table 5 Extracellular circulating DNA levels in the study groups. No correlation was determined between the pre- and postop-
erative levels of extracellular circulating DNA between the study groups or within the individual groups

Time-point measured Extracellular circulating DNA (ng/µL) in the study groups P b

Benign disease Malignant disease Malignant disease + dexamethasone

n Ma (25–75 %) P c n M (25–75 %) P c n M (25–75 %) P c

Day before surgery 59 3.19 (1.9–6.5) 0.234 37 3.2 (1.8–5.6) 0.982 18 5.17 (1.8–6.3) 0.538 0.596

Day 1 57 2.79 (1.4–4.8) 37 3.85 (1.77–5.65) 17 5.81 (1.7–7.67) 0.073
aMedian (interquartile range)
bKruskal–Wallis test
cWilcoxon test
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found to have lower postsurgical decrease in HLA-DR 
compared with the patient group that did not receive 
those medications (P = 0.558; P < 0.001; Table 7).

The patient group that, during the surgery, needed 
vasoactive support was also found to have lower post-
surgical decrease in HLA-DR compared with the group 
that did not receive vasopressors (P = 0.595; P < 0.001; 
Table 8). The patients who received vasopressors had 
lower N/L ratio the day before the surgery (P = 0.046) as 
well as on the first (P = 0.005) and on the second day after 
the surgery (P = 0.002) compared with those that needed 
vasopressors (Table 8).

The ROC analysis is presented in Fig. 1. The AUC for 
malignant diseases was 0.752 (P < 0.05; CI 95 %, 0.58–0.88; 

No significant correlations were observed for cDNA 
levels. There was no significant increase in cDNA levels 1 
day after the surgery in any of the groups (Table 5).

The N/L ratio was measured 1 day before the surgery 
and on the first and second days after the surgery. It was 
significantly higher in the malignant-disease group both 
before (P = 0.029) and after the surgery (P < 0.001). A sig-
nificant difference in the N/L ratio was also observed 
within each group of patients, depending on the time 
point of the measurement (P < 0.001, Table 6).

Presurgical application of statin did not affect the 
change of serum CRP levels, the value of N/L ratio, and 
the concentration of cDNA in the postsurgical period. 
However, the patient group that received statins was 

Table 6 Neutrophil/lymphocyte (N/L) ratio in the study groups. The N/L ratio was significantly higher in the malignant group 
without dexamethasone administration both before (P = 0.029) and after the surgery (P < 0.001). A significant difference in the 
N/L ratio was also observed within each group of patients, depending on the time point

Time point Neutrophil/lymphocyte ratio in the study groups P b

Benign disease Malignant disease Malignant disease + dexamethasone

n Ma (25–75 %) P c n M (25–75 %) P c n M (25–75 %) P c

Day before surgery 60 2.45 (2–3.2) < 0.001 37 2.7 (2.3–4) < 0.001 18 6.4 (3.8–11.3) 0.029 < 0.001

Day 1 60 5.8 (4.1–8.4) 37 10.9 (6.5–14.7) 18 10.7 (7.2–15.8) < 0.001

Day 2 60 7.7 (7–8.2) 37 8.5 (8.1–8.7) 18 8.3 (7.4–8.8) < 0.001
aMedian (interquartile range)
bKruskal–Wallis test
cFriedman’s

Table 7 Effects of preoperative statin administration on the values of immune activity markers in patients that underwent elec-
tive surgery

Statins pb (between groups)

Yes (N = 15) No (N = 100)

Median (25–75 %) pa within a group Median (25–75 %) pa within a group

CRP (mg/L)

Day before the surgery 4 (2.5–12) < 0.001 4.2 (2–8.25) < 0.001 0.533

1. day after the surgery 63.6 (40.5–102.5) 72.6 (40.05–106.38) 0.696

2. day after the surgery 110,4 (54,7–156) 101,3 (70,03–142.15) 0.823

3. day after the surgery 99.45 (27.65–157.78) 85.1 (59.93–134.3) 0.969

5. day after the surgery 89.1 (13.05–112.1) 50.7 (22.9–89.45) 0.781

Neutrophil/lymphocite ratio

Day before the surgery 2.91 (2.46–3.57) 0.002 2.63 (2.01–4.24) < 0.001 0.275

1. day after the surgery 7.64 (5.92–12.29) 7.91 (4.6–12.54) 0.648

2. day after the surgery 8.1 (7.3–8.6) 8.1 (7.2–8.6) 0.457

HLA-DR expression (%)

Day before the surgery 89.69 (66.74–93.58) 0.558 85.22 (77.29–90.18) < 0.001 0.844

1. day after the surgery 81.83 (75.64–89.06) 79.25 (72.16–85.76) 0.250

2. day after the surgery 80.99 (69.25–86.17) 77.44 (70.68–84.7) 0.575

DNA (ng/µL)

Day before the surgery 2.58 (1.98–3.77) 0.109 3.54 (1.83–6.49) 0.307 0.209

1. day after the surgery 4.4 (1.68–5.46) 3.11 (1.62–5.89) 0.689

CRP C-reactive protein, HLA-DR human leukocyte antigen-DR
aFriedman’s test
bMann Whitney test
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Fig. 1 a Receiver operating 
curve parameters of all the 
parameters measured on the 
day before the surgery for pre-
dicting sepsis. The area under 
the curve (AUC) for malignant 
diseases was 0.752 (P < 0.05; 
CI 95 %, 0.58–0.88). The best 
threshold (that is, such that 
it maximizes sensitivity and 
specificity) to discriminate 
between septic and nonseptic 
patients in the malignant-
disease group was the value 
> 10.2 mg/L for CRP. b At the 
threshold level of > 10.2 mg/L, 
the test had 71.4 % sensitiv-
ity and 80 % specificity. No 
threshold to efficiently dis-
criminate between septic and 
nonseptic patients was found 
in the benign-disease group

 

Table 8 Effects of perioperative vasopressor administration on the values of immune activity markers in patients that under-
went elective surgery

Vasopressors pb 

(between groups)Yes (N = 31) No (N = 84)

Median (25–75 %) pa within a group Median (25–75 %) pa within a group

CRP (mg/L)

Day before the surgery 3.5 (2.1–6.6) < 0.001 4.45 (2–11.68) < 0.001 0.301

1. day after the surgery 60.9 (38.3–83.2) 75.6 (40.5–109.83) 0.324

2. day after the surgery 93.1 (71.7–126.7) 107.6 (66.45–153.53) 0.449

3. day after the surgery 83.4 (64.2–133) 89.8 (45.5–135.7) 0.866

5. day after the surgery 45.8 (26.8–77.1) 59.9 (19–101.1) 0.855

Neutrophil/lymphocite ratio

Day before the surgery 2.54 (2–2.92) < 0.001 2.88 (2.12–4.35) < 0.001 0.046

1. day after the surgery 5.13 (4.06–8.6) 8.35 (6.1–12.57) 0.005

2. day after the surgery 7.4 (7–8.2) 8.3 (7.4–8.6) 0.002

HLA-DR expression (%)

Day before the surgery 86.45 (79.41–90.25) 0.595 84.3 (75.04–90.39) < 0.001 0.594

1. day after the surgery 80.46 (75.92–86.58) 78.25 (70.86–85.86) 0.100

2. day after the surgery 80.68 (75.55–84.26) 76.97 (68.97–85.55) 0.229

DNA (ng/µL)

Day before the surgery 3.42 (2.09–6.75) 0.450 3.47 (1.82–6.09) > 0.950 0.905

1. day after the surgery 2.45 (1.4–4.01) 3.94 (1.84–6.35) 0.027

CRP C-reactive protein, HLA-DR human leukocyte antigen-DR
aFriedman’s test
bMann Whitney test
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signal the development of postoperative complication or 
the spread of malignant disease [40, 41].

We observed no differences in baseline cDNA levels 
between our study groups, which suggests that localized 
malignant disease most probably does not affect DNA 
release. This finding is in line with that of other reports 
[42]. In our study, we did not observe a rise in postopera-
tive DNA levels, probably because the number of mea-
surements was too low. Therefore, the values obtained 
24  h after surgery were not a reliable indicator of the 
extent of surgical damage.

According to a recent paper [42], cell DNA released 
during surgical manipulation (due to tissue damage) can 
act as a danger signal and induce immune response to 
damage.

Differences in the values of immune activation mark-
ers between our study groups suggest that patients may 
use different immune mechanisms. The highest increase 
in median postoperative CRP levels was observed in 
patients with malignant disease who underwent intra-
abdominal procedures, which reflects the extent of sur-
gical damage and the expression of systemic immune 
reaction to damage. A lower rise in CRP levels was 
observed in patients with benign disease (mainly patients 
with hip osteoarthritis), which indicates lower inten-
sity of the immune response and less extensive surgical 
damage. A lower and delayed rise in serum CRP levels in 
patients with intracranial tumor who received dexameth-
asone in the perioperative period can be interpreted in 
two ways. First, those patients underwent craniotomy, 
which caused less extensive tissue damage compared 
with abdominal procedures, suggesting that a mild and 
mostly localized immune response occurs after an intra-
cranial operation [43, 44]. The second possible interpre-
tation is that a delayed and reduced immune response to 
damage caused by an intracranial surgery can be a result 
of the immunomodulatory effect of dexamethasone 
administered for the treatment of peritumoral edema. It 
is widely accepted that corticosteroids affect all aspects of 
the immune response and that their effectiveness in the 
inhibition of cytokine response is more pronounced if 
they are administered before a surgical insult [19]. In our 
study, preoperative CRP levels were higher in patients 
who developed SIRS after the surgery and septic compli-
cations occurred more often in patients with malignant 
disease. The ROC analysis suggested that baseline CRP 
levels might be used as a reliable predictor of postopera-
tive SIRS and sepsis in these patients. In those patients 
not diagnosed with any infection before the surgery, the 
increased levels of CRP could point to spread of malig-
nant disease, which makes them more susceptible to the 
development of septic complications.

We observed a higher N/L ratio at baseline in patients 
treated with dexamethasone, which most probably 
results from the pharmacological effect of this immu-
nomodulatory drug. A significant postoperative rise in 
the median N/L ratio among patients with benign and 
malignant disease suggests the presence of inflamma-
tory reaction and the associated activation of the endog-

Fig. 1a). The best threshold (that is, such that maximizes 
sensitivity and specificity) to discriminate between sep-
tic and nonseptic patients in the oncological group was 
the value higher than 10.2 for CRP. At the threshold of 
> 10.2, the test had 71.4 % sensitivity and 80 % specific-
ity (Fig.  1b). No threshold to efficiently discriminate 
between septic and nonseptic patients was found in the 
benign-disease group (Fig. 1b).

Discussion

The aim of this study was to investigate how and to what 
extent the type of surgery, nature of the primary disease, 
and perioperative administration of immunomodula-
tory drugs, such as dexamethasone, affect the expression 
of the immune response and to determine whether it is 
possible to predict postoperative septic complications by 
measuring specific markers of immune activity. To assess 
the expression of postoperative immune suppression, we 
measured serum CRP levels, N/L ratio, and monocyte 
HLA-DR expression. We evaluated the immune status 
of patients by measuring the percentage of Treg

 cells in 
the preoperative period and assessed the extent of tissue 
damage by measuring serum cDNA levels.

Our patients were of medium or medium high surgery 
risk (ASA II/III). Relatively low value of APACHE III score 
24 h after the surgery shows that surgical procedure did not 
result in a more significant disruption of their general con-
dition. Vasoactive support was needed only in patients that 
were subjected to spinal anesthesia. Most of the patients 
were held under intensive care for 24 h. Around 50 % of the 
patients needed short-term mechanical ventilation (6 h).

Complications associated with the local infection 
(surgical site infection) were equally distributed among 
all three groups. Patients with malignant diseases who 
underwent abdominal procedure experienced more 
septic complications (SIRS or sepsis) postoperatively. It 
is widely known that extensive intra-abdominal proce-
dures, including resection, are relatively often followed 
by SIRS, which can progress to sepsis, due to a high risk of 
microbial contamination during surgical manipulation 
[5–9, 12, 13]. It is also generally acknowledged that malig-
nant diseases can lead to immunosuppression, and thus, 
a higher risk of developing serious infection complica-
tions [9, 17, 18]. Relatively low values of APACHE III and 
Elebute-Stoner score that were recorded in our patients 
during the occurrence of sepsis testify that it is a case of 
a lighter form of disease that did not lead to more severe 
organic dysfunction.

Tissue destruction (cytolysis) is the most important 
factor responsible for the release of cell DNA. An increase 
in serum DNA concentrations was reported after trauma 
injury, burns, surgery, and in cases of advanced malig-
nant disease and sepsis [37–42]. According to Banki et al. 
[40, 41], the highest rise in cDNA levels (linked to surgical 
damage) is observed during and immediately after sur-
gery. A subsequent rise in the DNA concentration may 
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were subjected to spinal anesthesia that can also influ-
ence immune reactivity.

Based on these results, possible effect of statin and 
vasopressors on postsurgical immune reactivity remains 
ambiguous. The effect of these medications should be 
studied in a controlled environment on a homogenous 
group of surgical patients.

The results of this study support the hypothesis of the 
effect of the nature of disease, and the type and place of 
surgical procedure on the extent of the wound induced 
immune response. They also confirm immune-mod-
ulatory effect of the perisurgical application of cortico-
steroids. However, a transitory immune suppression 
as a part of an adapting response to the wound and the 
immune suppressive effect of corticosteroids are not the 
most important factors responsible for the occurrence of 
the postsurgical infection complications. The nature and 
the extent of the original disease, as well as extensiveness 
of the surgical procedure with possible risk of surgical 
complications, are decisive factors responsible for the 
occurrence of postsurgical sepsis.

The main limitation of this study was a short follow-
up period, which made it impossible to gain a broader 
view into the kinetics of the examined immune activation 
markers or evaluate their clinical importance. A study 
with a longer follow-up and a higher number of patients 
could provide a deeper insight and contribute to a better 
understanding of this complex issue.

Conclusion

The main findings of our study may be summarized as 
follows. Our results support the hypothesis that the type 
and site of surgery, the nature of the primary disease, and 
perioperative drug administration can interfere with the 
expression of postoperative immune response. Differ-
ences in the levels of immune activation markers suggest 
that different groups of patients have different immune 
reaction patterns. In the absence of other risk factors, 
malignant disease has only a minor effect on immune 
reactivity. A pronounced postoperative rise in serum CRP 
levels, a higher N/L ratio, and a decrease in monocyte 
HLA-DR expression in oncological patients who under-
went abdominal procedures indicate the presence of 
SIRS and secondary immunosuppression. A higher rate 
of septic complications among patients with malignant 
disease suggests that these patients are more susceptible 
to immunosuppression both because of the nature of the 
primary disease and the extent of the surgical procedure. 
A higher N/L ratio at baseline and a lower HLA-DR expres-
sion among patients who received dexamethasone prior 
to surgery suggest lower immunoreactivity caused by an 
immunomodulatory effect of the administered drug. Fur-
thermore, a moderate rise in postoperative CRP levels 
and the N/L ratio together with a nonsignificant change 
in the HLA-DR expression support the hypothesis of an 
iatrogenically induced reduction of the immune response. 
Unlike CRP levels, the baseline levels of other immune 

enous anti-inflammatory system. Since oncological 
patients are exposed to extensive surgical damage and 
high risk of SIRS, the rise in the N/L ratio is expected to 
be higher than that in patients with benign disease. A 
lower N/L ratio among patients who were treated with 
dexamethasone during the perioperative period can be 
interpreted in two ways. First, craniotomies most proba-
bly induce a mild and mostly localized immune response 
and, accordingly, a lower anti-inflammatory response 
owing to less extensive tissue damage. The other possi-
bility is that dexamethasone, when administered prior 
to craniotomy, may reduce the intracranial inflamma-
tory response. In our study, we observed a significantly 
lower HLA-DR expression at baseline in patients who 
received dexamethasone, and this effect was most prob-
ably caused by drug intake [21, 45]. Moreover, we did not 
observe a reduction in postoperative HLA-DR expres-
sion, which is contrary to the findings reported by other 
authors [43]. This could also be attributed to the effect 
of dexamethasone. We assumed that the perioperative 
administration of corticosteroids inhibited intracranial 
inflammation and, as a result, the endogenous anti-
inflammatory system was not activated.

A significant postoperative reduction in the HLA-DR 
expression in oncological patients who had normal HLA-
DR levels at baseline suggests that immunosuppression 
was triggered by surgical damage. As stated above, SIRS 
accompanied by CARS and secondary immunosuppres-
sion often occur after extensive intra-abdominal pro-
cedures due to their extent and higher risk of microbial 
contamination [16, 46, 47]. In the group of patients with 
benign disease, less extensive tissue damage induced a 
milder inflammatory response and proportionally less 
expressed anti-inflammatory response with a noted 
decrease in the HLA-DR expression [48].

Within the patient group that received statins we noted 
lower postsurgical decrease in HLA-DR values. We could 
argue about possible immune-modulatory effect of these 
medications [24, 25], which can be neither confirmed 
nor ruled out based on this study. It should also be noted 
that 10 of 15 patients that received statins belonged to 
the benign group, and 3 of the patients to the malignant 
group with dexamethasone. It was also mentioned that 
these patients, due to the less extensive surgical wound, 
expect less intense inflammatory infection lower post-
surgical decrease in HLA-DR values.

Within the patient group that received vasopressors 
we also noted lower postsurgical decrease in HLA-DR 
values. Those patients also show significantly lower val-
ues of N/L ratio compared with those that did not need 
vasoactive support. In this case we could assume possi-
ble immune-modulatory effect of the applied vasopres-
sor (ephedrine) [49]. The collected results offer no solid 
ground for either proving or discarding this hypothesis. 
It should be pointed out that 46.7 % of patients (20 of 31) 
that were given vasopressors during surgery belonged 
to the benign group, and with regard to their less exten-
sive surgical wound we could expect them to have less 
intense inflammatory reaction. The mentioned patients 
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