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Introduction 
Severe trauma is associated with an early over-activa-

tion of an innate immune response followed by immunosup-
pression [1, 2]. Trauma induces both immunosuppressive 
and catabolic states that are unable to clear infection [24]. 
It is reported that the patients with a severe CNS injury also 
showed a profound acute phase systemic response [3]. The 
next phase of this response is CNS injury-induced immu-
nodepression (CIDS) [4]. Up until now we do not know the 
exact time line of these two phases. Over a period of months 

following the injury the immune response returns to normal 
[5]. This might suggest a decreased host defense in that pe-
riod of time. The decreased host defense is also an essential 
component to trigger the “second-hit” mechanism. Despite 
the observed immunological deficiency, the period of time 
between the 3rd and 6th days is also critical as a window of 
opportunity for definitive surgery [6].

 The aim of this study is to characterize the changing 
functional behavior of the peripheral blood granulocytes 
on the 3rd day and the 6th day post polytrauma injury, using 
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Abstract 

Background: Polytrauma patients with a severity score over 16 points are at a risk of development of 
immunologically derived complications (infection, “2nd-hit injuries”). The aim of this study is to evaluate 
the phagocytic arm of the immune system in patients with polytrauma during a period of time, which is crit-
ical for therapeutic decisions. The phagocytic arm is analyzed to optimize the timing of definitive surgery.

Material and methods: The study group consisted of 7 men and 5 women from 20 to 84 years of age 
who had sustained a polytrauma as a result of mechanical factors. Polytrauma was severe (over 16 points 
ISS – Injury Severity Score) in all of the cases. All patients were studied on the 3rd and 6th day after trauma. 
Nine CNS-injured patients (isolated injury) and eleven healthy age- and sex-matched volunteers served 
as controls.

Results: A statistically significant and higher individual cellular phagocytic activity (number  
of bacteria per cell) was observed in polytrauma patients on the 3rd day when compared to CNS-injured 
patients. The percentages of granulocytes showing phagocytosis in polytrauma patients on the 3rd and 6th 
day were significantly lower when compared to CNS-injured patients and healthy controls. 

The percentages of granulocytes showing enzymatic activity in polytrauma patients on the 3rd and 6th 
day were significantly lower comparing to CNS-injured patients and healthy controls. Statistically sig-
nificant and higher enzymatic activity of granulocytes was observed on the 3rd and 6th day in polytrauma 
patients when compared to healthy controls. 

Conclusions: A significant deficiency of the phagocytic arm was observed during a period of time, 
which is critical for definitive surgical interventions in polytrauma patients. The phagocytic arm should be 
analyzed to optimize the timing of definitive surgery.

Key words: polytrauma, immunology, CNS injury, timing of definitive surgery, flow cytometry, 
phagocytosis, and oxygen burst.
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flow cytometric analysis of phagocytosis and oxidative 
burst activities. 

Material and methods 

Patient population 

Patients admitted to the Department of Trauma Surgery 
at the Medical University of Gdańsk, following accidental 
trauma, were included in the prospective clinical study, 
which started on 1 November 2005 and lasted until 1 May 
2009. 

The study group consisted of 12 polytrauma injured 
patients (7 men and 5 women) who were 20 to 84 years of 
age and sustained a severe polytrauma injury (ISS high-
er than 16 pts), and were admitted to the Department of 
Trauma Surgery or Intensive Care Unit (ICU) at the Med-
ical University of Gdańsk hospital. All polytrauma injured 
patients sustained a moderate or severe CNS injury and 
a moderate or severe injury of another body region (thorax, 
abdomen or extremities). All major surgical procedures 
were performed before the 3rd day of hospitalization. The 
injuries were caused by mechanical trauma in all cases. 

The first control group consisted of 9 brain injured pa-
tients (7 men and 2 women) who were 18 to 79 years of 
age and sustained a moderate or severe CNS injury (GCS 
not higher than 11 pts), and who were admitted to the De-
partment of Trauma Surgery or Intensive Care Unit (ICU) 
at the Medical University of Gdańsk hospital. The injuries 
were caused by mechanical trauma in all cases. Patients 
with coexisting trauma were excluded.

 All brain injured patients were clinically evaluated on 
admission and scored 11 points or less on the GCS (moder-
ate or severe brain damage). Seven patients were artificial-
ly ventilated, five patients had an operation on the day of 
admission (craniotomy, hematoma evacuation), all patients 
received parenteral fluids. The nutritional condition of all 
patients was appropriate and has been maintained by ad-
ministration of adequate parenteral solutions.

The second control group consisted of 11 qualified 
healthy subjects (3 women, 8 men). They were 17 to 82 
years of age and with no history of polytrauma or cranioce-
rebral trauma and no known immunodeficiencies. 

The Local Ethics Committee of the Medical University 
of Gdańsk (MUG) approved the project. 

Methods 

We have measured four parameters: the function of 
granulocytes – the intensity of oxygen reactions; the num-
ber of bacteria per cell; the phagocytic activity – the num-
ber of granulocytes that shows phagocytosis; the number 
of granulocytes that have produced reactive oxygen me-
tabolites. 

All four parameters were measured on the 3rd and 6th 
day after trauma.

The intensity of oxidative burst and the number of 
granulocytes that have produced reactive oxygen metab-
olites were determined by the BursttestTM (Orpagen) and 
then measured by means of flow cytometry. The number 
of bacteria per cell and the percentage of granulocytes that 
shows phagocytosis were measured by the PhagotestTM 

(Orpagen) and also by means of flow cytometry.
We have incubated and heparinized this blood sample 

with the labeled bacteria (E. coli) at 37°C to evaluate the 
phagocytic activity of the granulocytes in the peripheral 
blood sample. At the same time the control sample has 
remained on ice at 0°C. Both placing it on ice and adding 
a quenching solution stopped the reaction in the first sam-
ple. The quenching solution allows us to differentiate the 
phagocytizing and non-phagocytizing cells. Then after two 
washing steps we have removed the remaining erythro-
cytes. Afterwards, the DNA staining solution was added to 
exclude artifacts. At the end, the acquisition gate was set at 
the proper fluorescence histogram to exclude the bacteria 
and platelet aggregates.

To assess the oxygen-dependent processes (the per-
centage of cells that have produced reactive oxygen metab-
olites and their mean fluorescence activity) we have tested 
the patients’ and control group’s blood samples by means 
of the Bursttest™. The heparinized blood samples were 
incubated with the following stimuli: E. coli bacteria, PMA 
and fMLP. The fourth sample without stimulus served as 
a control. As a result of stimulation, granulocytes produced 
oxygen metabolites, which was observed by oxidation of 
dihydrorhodamine DHR 123. The process was stopped 
by addition of the lysing solution. Then, the DNA stain-
ing solution was added. The number (percentage) of cells 
producing oxygen radical as well as their mean enzymatic 
activity was assessed by means of the flow cytometry.

Fluorescence data from both tests were obtained using 
the FACScan (Becton Dickinson, USA) cytometer. The 
minimum number of 10,000-15,000 of leukocytes per sam-
ple was collected.

The percentage of cells having performed phagocytosis 
(granulocytes) is analyzed as well as their mean fluorescence 
intensity (number of ingested bacteria). For that purpose, the 
relevant leukocyte cluster is gated in the software program 
in the scatter diagram (lin FSC vs. lin SSC) and its green 
fluorescence histogram (FL1) is analyzed (see Fig. 1A, 1B).

The Friedman ANOVA nonparametric test measures 
analysis of variance by ranks. This test was performed to 
evaluate the differences between compared groups. The 
U Mann-Whitney test was used in the analysis of data.

 Results 
A statistically significantly higher individual cellular 

phagocytic activity (number of bacteria per cell) was ob-
served in polytrauma patients on the 3rd day comparing to 
CNS-injured patients (Fig. 2). 
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The percentages of granulocytes showing phagocyto-
sis in polytrauma patients on the 3rd and 6th day were sig-
nificantly lower comparing to CNS-injured patients and 
healthy controls (Fig. 3A-D). 

The percentages of granulocytes that showed enzymat-
ic activity in polytrauma patients on the 3rd and 6th day 
were significantly lower when compared to CNS-injured 
patients and healthy controls (Fig. 4A-D). 

A statistically significantly higher enzymatic activity of 
granulocytes was observed on the 3rd and 6th day in polytrau-
ma patients when compared to healthy controls (Fig. 5A, B). 

There were no significant differences in the phagocytic 
activity on the 6th day when we compared polytrauma pa-
tients to the CNS-injured group and no significant differ-
ences in enzymatic activity on the 3rd and 6th day when poly-
trauma patients were compared to the CNS-injured patients.

There were no significant differences in the phagocytic 
activity on the 3rd and 6th day when polytrauma patients were 
compared to healthy controls.

There was no statistically significant tendency in all ob-
served parameters on the 3rd day when compared to the 6th 

day after trauma in both polytrauma and CNS-injured group.

Discussion 
According to the German Data Registry database, 2/3 

of polytrauma patients also sustained relevant, severe CNS 
injuries. In these patients, 1/3 of CNS injuries were com-
bined with injuries of the extremities [7].

CNS injury has been reported to induce various immu-
nological abnormalities, including peripheral granulocytes 
hyperactivation under the influence of proinflammatory 
mediators in the first 12 h post trauma [8]. Thereafter, they 
enter a post excitatory phase wherein they become reduced 
in number and functionally deficient, placing the patient at 
a high risk of the “second-hit” injury [8].

The process of pathogen elimination by granulocytes 
constitutes an essential, primary event in the host defense 
against bacterial or fungal infections. This process can be 
separated into several major stages: chemotaxis (migration 
of granulocytes to inflammatory sites), attachment of par-
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Fig. 1A. Typical dot plots FSC/SSC histograms of the 
phagocytosis test (incubation time of 10 min at 37°C). Gate 
set on granulocytes 

Fig. 1B. Typical FL1 histograms of the phagocytosis test 
(incubation time of 10 min at 37°C). Gate set on granu-
locytes 
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Fig. 2. Phagocytic activity (number of bacteria per cell) in 
polytrauma patients on the 3rd day comparing to CNS-in-
jured patients (p < 0.05) 
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ticles to the cell surface of granulocytes, ingestion (phago-
cytosis) and intracellular killing by oxygen-dependent 
(oxidative burst) and oxygen-independent mechanisms [9]. 

 The activity of the phagocytic arm of the immune sys-
tem soon after the injury seems to be crucial for the appear-
ance of infection and second-hit complications [10-13].

The oxidative burst in circulating granulocytes depends 
on the underlying insult. The measurement of the degree 
of the oxidative burst in circulating granulocytes is a pre-
dictive factor used to distinguish between survivors and 
non-survivors. This measurement is completed on the 3rd 
day after admission to the ICU [14]. 
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Fig. 3A. The percentage of granulocytes that showed 
phagocytosis in polytrauma patients on the 3rd day when 
compared to the CNS-injured patients (p < 0.05) 
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Fig. 3B. The percentage of granulocytes that showed 
phagocytosis in polytrauma patients on the 3rd day when 
compared to healthy controls (p < 0.05) 
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Fig. 3C. The percentage of granulocytes that showed 
phagocytosis in polytrauma patients on the 6th day when 
compared to the CNS-injured patients (p < 0.05) 
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Fig. 3D. The percentage of granulocytes that showed 
phagocytosis in polytrauma patients on the 6th day when 
compared to healthy controls (p < 0.05) 
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In our study, during the observation period, between 
the 3rd and 6th day after polytrauma injury, most of the mea-
sured parameters were statistically significantly changed. 
According to the literature, the recovery of the phagocytic 
arm would probably happen after the 6th day post injury. 
However, we can observe the tendency (with no statistical 

significance) in a decreasing percentage of cells taking part 
in phagocytosis and enzymatic activity (reactive oxygen 
metabolites production).

The decreased percentage of cells taking part in phago-
cytosis and enzymatic activity and, at the same time, high-
er intracellular enzymatic activity in polytrauma patients 
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Fig. 4A. The percentage of granulocytes that showed enzy-
matic activity with reactive oxygen metabolites production 
in polytrauma patients on the 3rd day when compared to the 
CNS-injured patients (p < 0.05) 
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Fig. 4B. The percentage of granulocytes that showed enzy-
matic activity with reactive oxygen metabolites production 
in polytrauma patients on the 3rd day when compared to 
healthy controls (p < 0.05) 
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Fig. 4C. The percentage of granulocytes that showed enzy-
matic activity with reactive oxygen metabolites production 
in polytrauma patients on the 6th day when compared to 
CNS-injured patients (p < 0.05) 
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Fig. 4D. The percentage of granulocytes that showed en-
zymatic activity with reactive oxygen metabolites produc-
tion in polytrauma patients on the 6th day when compared 
to healthy controls (p < 0.05) 
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comparing to controls and the isolated (CNS) injury group 
could be explained by the process of granulocyte depletion 
during immunostimulation after trauma [23]. 

Multiple organ failure (MOF) and infections are im-
portant contributors to the morbidity and mortality asso-
ciated with the polytrauma injury. Multiple organ failure 
is very likely to develop (could be triggered) as a result 
of definitive surgery performed at the time when there is 
a phagocytic arm deficiency.

The change in the functional behavior of the peripheral 
blood granulocytes could be an independent risk factor that 
could trigger the “second-hit” injury and infection [15]. 
During the phases of hyperinflammation and immunosup-
pression, severely injured patients are highly susceptible to 
sustain the so-called second-hit insults. Therefore, the ideal 
timing for the definitive surgery is somewhere between 
these two immunological phases. The empirically assigned 
time-window is about 5-10 days after trauma [6]. Accord-
ing to our results, this “time-window” is rather earlier or 
a couple of weeks later.

It seems that polytrauma-injured patients are at a risk 
of further immunological disturbances and are at a high 
risk of infection during the observed period of time. We 
know what the pattern of inflammatory response after 
trauma looks like: it starts with SIRS (could be followed 
by early MODS) and then develops into CARS (could be 
followed by late MODS) [25]. The decision-making pro-
cess should be individualized in accordance to the clinical 
status of the patient, and the more exacerbating procedures 
should be performed at a later date.

It is well known that a decrease in the oxidative burst 
of granulocytes is associated with bacterial or fungal in-

fections [16]. The higher incidence of an early-onset pneu-
monia was found in patients with neurotrauma [17, 18]. 
However, infections are not only specific to CNS-injured 
patients, but also common to all patients treated in the 
ICU. Especially, in patients with a prolonged intubation 
since such intubation increases the risk of lung infection. 
Infections that start on the 3rd day after injury are presumed 
to be nosocomial [19]. 

We have to take into consideration the fact that patients 
with a relatively low GCS who are most likely to be ven-
tilated and sedated, as a result of which they would have 
reduced mobility, receive IV fluids, and have altered calo-
rific intake. All of the above constitute multiple cofactors 
that might influence the results and cannot be excluded. 

The clinical and immunological parameters related to 
pneumonia were revised and compared, yielding a result 
that the levels of chosen cytokines (IL-6 and IL-10) could 
not confirm the diagnosis of pneumonia earlier than the 
clinical parameters [20].

Surgical techniques adjusted to trauma are crucial to 
limit the pathologic systemic response. For the patient who 
is in a vulnerable phase of immunological defense it is 
rather important to have an individually adjusted surgical 
approach, as well as to control the immune response in 
order to avoid the “second-hit” insult and infections [21].

Conclusions 
In a vulnerable phase when the patient’s immunologi-

cal defense is hypoactive and uncontrolled, the techniques 
and timing used in trauma surgery should be appropriately 
adjusted to limit the systemic response. An individually 
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Fig. 5A. Enzymatic activity (associated with reactive ox-
ygen metabolites production) in polytrauma on the 3rd day 
in polytrauma patients when compared to healthy controls 
(p < 0.05)
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ygen metabolites production) in polytrauma on the 6th day 
in polytrauma patients when compared to healthy controls 
(p < 0.05)
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adjusted surgical approach and immune monitoring are 
important in order to avoid the “second-hit” injuries.
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