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Immunological Changes Observed in ICH
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Abstract
Objective: Intracerebral Hemorrhage (ICH) is a one of the stroke subtype with high morbidity and 
mortality.

Aim: The aim of this prospective study was to assess immunological changes and their clinical 
significance in patients with ICH.

Method: Sixty patients with spontaneous ICH were evaluated regarding immunological changes 
by measuring peripheral blood lymphocytes subsets CD3+, CD4+, CD8+, CD4+/CD8+, white 
blood cell count, lymphocytes count and immunoglobin IgA, IgG, IgM, IgE and IgD level. The 
relationships of immunological to clinical and radiological parameters were evaluated at hospital 
admission (t0), 5 days (t1), and 10 days (t2). The results were statistically analyzed.

Result: Immunological parameters were significantly changes with severity of diseases. There were 
significant changes were observed for leucocyte count, lymphocytes sublets CD4, CD8, and CD4/
CD8 at hospital admission (t0), 5 days (t1), and 10 days (t2) in both operative and conservative 
patients. But there was not statistically significant in immunoglobin level. There were significant 
positive correlations between leukocyte with GCS (r=0.29, 0.30), Volume (r=0.55, 0.37) and mRS 
(r = -0.30, -0.47) during admission and discharge time respectively (p<0.05). But Leukocyte was 
negative correlation with CD4 at hospital admission (r = -0.80, -0.33) and discharge (r = -0.37, 
-0.45).There were negative correlations between CD 4 with GCS (r = -0.28, -0.34), volume of 
hematoma (r = -0.32, -0.56), mRS (r = -0.38, -0.46) during admission and discharge time (p<0.05).

Conclusion: Immunological parameters changes are associated with the severity of ICH. This may 
indicate potential goals for ICH therapy.
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Introduction
An intracerebral hemorrhage is also called hemorrhagic stroke, or “brain attack”. It is one of 

the utmost terrified forms of neurological disease that not only causes significant morbidity and 
mortality but also results in poor socioeconomic outcome. It can occur at any age. It is slightly 
more common in men than in women. The central nervous system is reflecting its structure, 
metabolism and function one of the most complex bodily organs. It is the key system controlling 
and coordinating entirely important functions of the organism. As a result of ICH, disorders of 
the complete metabolic system happen. There is impairment of cellular immunological disorders 
occurring in ICH, but they do affect in an important way the course of the disease. That’s why ICH 
patients are susceptible for infections. The occurrence of systemic infections after ICH may be a 
symptom of impaired immune competence [1]. Although the current era has implemented many 
novel innovations in nearly every aspect of management of this disease, the neurological result has 
still not changed significantly. In this study, we revealed that the presence of immunodepression in 
ICH patients, with its consequences in terms of bacterial infections aggravating the clinical course.

Materials and Methods
Sixty patients of both sexes with spontaneous intracranial hemorrhage were admitted 

consecutively and qualified for the study from May 2013 to Oct 2013 in the cerebrovascular 
hypertensive Unit of Neurosurgery Department of the “West China Hospital, Sichuan University". 
This study was approved by the Committee of Ethics in Research of the Neurosurgery department, 
West China Hospital, Sichuan University. All patients or their next of kin were given written 
informed consent. The diagnosis of spontaneous ICH was established by physical findings and brain 
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Computerized Tomography (CT) or Magnetic Resonance Imaging 
(MRI). The ICH volume was measured from the first CT or MRI scan 
using a × b × c × 0.5 methods (Figure 1-3). For irregular shapes, the 
different formula a × b × c × 0.33 was used [2,3]. At admission to the 
hospital, the patients exclusively in patients with ICH for clinical and 
prognostic assessment. Patients or their legal representatives signed 
the informed consent for participation in the study.  Basic clinical 
parameters, history of hypertension and previous antihypertensive 
therapy were included in the analysis. All the patients were followed 
until discharged from hospital. Before discharge they were also 
evaluated by the prognostic Glasgow scale.

The inclusion criteria included those ICH patients who were 
older than 18 years and non-pregnant, with no immune or endocrine 
disorders and not suffering from any active infectious disease or a 
non-aneurysmal ischemic disease. They should not have received 
any prior chronic glucocorticoid treatment or any hormonal 
contraceptives in the last 3 months. They should not have received 
any blood or massive electrolyte infusions during the hospital stay. 
They should not be malnourished and should not have any associated 
systemic diseases, such as renal, heart, respiratory failure and diabetes 
mellitus.

The study excluded Subarachnoid hemorrhage cases, patients 
classified in severe GCS score who refused operation, patients 
previously using drugs like replacement hormonal therapy of any 
type, having hemorrhages secondary to trauma, hemorrhages due to 
malformations, coagulopathy, and tumors, hematological disorders 
and cases of infection within the first 72 h.

Venous blood samples were obtained at 3 times: during the first 
24 h of ICH that is at hospital admission (t0), 5 days (t1), and 10 days 
(t2). Blood samples were collected between 8 AM and 9 AM, within 
24 h from ictus, centrifuged at 3000 rpm, for 10 min, and the serum 
stored at –20°C until assayed. Lymphocytes sublets CD3+, CD4+, 
CD8+, and CD4+/CD8+ were measured by Flow Cytometry (FCM). 
Flow cytometry was performed on the BD FACS CANTO™ flow 
cytometer (Becton Dickinson Corporation, New Jersey, USA). The 
reagent cocktail (10 μl) containing CD4-Flurescein Isothiocyanate 
(FITC), CD8-Phycoerythrin (PE) and CD3-Peridinin-Chlorophyll-
Protein (PerCP) (Becton Dickinson Corporation, New Jersey, USA) 
were added to 50 μl heparin anticoagulated whole blood, and the 
samples were mixed and incubated for 30 min at room temperature. 
Erythrocytes were lysed by adding 450 μl of ammonium chloride 
haemolysis agent for 15 min. The lymphocytes were gated as forward-
scattered light and side-scattered light. IgG, IgA, IgM, IgE and IgD 
determined with scattered turbidimetry. WBC and total lymphocyte 
were measured by fluorescent nucleic acid stains and flow cytometry 
(XE-5000, SYSMEX Company, Japan).

Data were analyzed by the Analysis of the Variance (ANOVA) 
and paired simple T-test for comparisons. Bivariate analysis was 
performed to investigate the correlates each other. The level of 
significance was fixed at p<0.05. The results were presented as mean 
± standard deviation (M ± SD) with  help of the Statistical Package 
for Social Sciences (SPSS) for Windows, version 21.0 (Chicago, IL).

Results
Twenty one patients managed conservatively, whereas thirty nine 

patients were symptomatic presenting with acute focal neurological 
deficits with mass effect on admission. Those significant patients were 
under gone surgical intervention. Eight patients were classified in 

mild group, forty seven in moderate group (9 to 12) and only five in 
severe grade (8 or lower) of the Glasgow coma scale (13 to 15).

Immunological changes in peripheral blood of ICH 
patients

There were significant group differences were observed for 
leucocyte count, lymphocytes sublets CD4, CD8, and CD4/CD8 
ratio at hospital admission (t0), 5 days (t1), and 10 days (t2) in both 
operative and conservative patients. WBC, lymphocyte count and 
CD4 count were statistically significate (P<0.05) at hospital admission 
(t0), 5 days (t1), and 10 days (t2) (Table 1-3). Leucocyte counts 
were elevated notice during time of admission due to an increased 
number of granulocytes. But those parameters were gradually altered 
on 5 days to 7 days of admission and normalized after full course 
of treatment in both surgical and conservative management cases 
(Chart 1). Operative patients showed significantly lower counts 
of CD4 T cells as early as day 5 days after acute ICH, compared to 
conservative patients. CD4+ T cell counts improved more quickly in 
patients who non operative patients compared with patients assigned 
to the operation. Furthermore, operative patients showed a persistent 
reduction in CD4 T cells at 5 days, whereas these parameters gradually 
normalized 10 days and over the follow-up period. This result 
directed important role of WBC and CD4 to recover in operatively 

GCS Frequency Percent

Mild 8 13.3

Moderate 47 78.3

Severe 5 8.3

Total 60 100

Table 1: Glasgow come scale of admitted patients.

Types “0” day “5 days” “10 days” P value

WBC 12.4 ± 3.1     12.1 ± 3.5 9.6 ± 3.6 <0.001

IgG 11.5 ± 3.4 11.7 ± 3 12.8 ± 3.7 0.129

IgA 1951.1 ± 942.9 2062.1 ± 945.9 2273.4 ± 779.5 0.231

IgM 1085.1 ± 492.9 1135.2 ± 458.1 1407.5 ± 437.7 0.005

Ig E 128.7 ± 185.8 213.8 ± 449.4 105.9 ± 110.1 0.19

CD4 28.8 ± 5.6 26.3 ± 8.1 34.6 ± 6.7 <0.001

CD8 21.1 ± 4 17.1 ± 4.2 21.3 ± 3.6 <0.001

CD/CD8 1.4 ± 0.4 1.6 ± 0.5 1.7 ± 0.5 0.031

Total protein 63.3 ± 9.9 61.8 ± 7.9 63.2 ± 7.9 0.56

Table 2: The relation of WBC, IgG, IgA, IgM, IgE, CD4, CD8, and CD4/CD8 in 
both patients by One Way ANOVA statistic.

Types Operation Conservative P value

WBC0 13.1 ± 3.3    10.9 ± 2.3 0.011

WBC1 13 ± 3.4 8.9 ± 1.5 <0.001

WBC2 10.2 ± 3.5 7.6 ± 1.7 0.001

Lymphocyte0 0.8 ± 0.07 1.4 ± 0.6 <0.001

Lymphocyte1 0.5 ± 0.2 1.7 ± 0.6 <0.001

Lymphocyte2 0.4 ± 0.2 1.9 ± 0.6 <0.001

CD4 0 27.9 ± 6.5 31.3 ± 4.3 0.039

CD4 1 22.2 ± 7.7 33.7 ± 5.3 <0.001

CD4 2 32.5 ± 5.9 39.7 ± 5.2 0.001

Table 3: The relation of WBC, Lymphocyte, CD4, in the operative and 
conservative patients by paired sample T-test.
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and conservatively manage cases.

Immunoglobin in peripheral blood of ICH patients
IgG, IgA, IgE and IgD levels were similar in conservative group 

and operative group. There were not significantly changes in between 
those groups. IgM was statistically significant (P<0.05) at hospital 
admission (t0), 5 days (t1), and 10 days (t2). There were no significant 
in younger group and older group (P>0.05).

Lymphopenia was noticeable in Patients
During the first day of admission after the onset of disease distinct 

changes of cell-mediated immunity were demonstrated as a decrease 
in total lymphocyte count in the peripheral blood. Lymphopenia 
was gradually noticed in operative cases and lymphocyte count was 
increasing into normal level in non-operative cases (Chart 2).

Correlations among different parameters were found. There were 
significant positive correlations between leukocyte with GCS (r=0.29, 
0.30), Volume (r=0.21, 0.37) ICH score (r=0.35, 0.55) and mRS 
(r=-0.30, 0.47) during admission and discharge time respectively 
(p<0.05). But Leucocyte was negative correlation with CD4(r = -0.80, 
-0.45) and IGM (r = -0.10, -0.14) at hospital admission and discharge 
respectively. There were negative correlations between CD 4 with 
GCS (r = -0.28, -0.34), volume of hematoma (r = -0.23, -0.56), ICH 
score (r = -0.42, -0.47, mRS (r =-0.38, -0.46) during admission and 
discharge time (p<0.05).

There were significant incidence of chest infection, wound 
infections, meningitis (CSF infections), and urinary tract infections 
in intensive care patients. Chest infection, however, was significantly 
more frequent in operative patients (n=5 vs. n=0) after ICH. As 
causative agents, staphylococcus aureus, haemophilus influenza, 
and Streptococcus pneumonia were recognized. Interestingly, 

patients with pneumonia had significantly lower T-cell counts and 
lymphocyte sublets production compared to non-infected patients as 
early as days 3 and 4 after ICH, respectively. Outcome of operative 
ICH patients was significantly impaired compared to the conservative 
group. Five patients died due to pneumonia followed by multi-organ 
failure and acute respiratory distress syndrome with fatal pulmonary 
insufficiency at days 17, 20, 21, 25 and 35 after ICH respectively.

Discussion
Spontaneous Intracerebral Hemorrhage (ICH) is leading cause of 

Chart 1: Line Chart is showing trends of WBC in at hospital admission (0), 5 
days (1), and 10 days (2).

Chart 2: Line Chart is displaying trends of lymphocyte during hospital 
admission (0 days), 5 days (1), and 10 days (2).

Graph 1: Clustered column Chart is presenting trends of CD4 during hospital 
admission (0 days), 5 days (1), and 10 days (2).

Figure 1: CT scan (First) of Case IV (65years/M) explaining right ICH 
managed conservatively. Post-admitted CT scan (second) of Case IV 
(65years/M) displaying hematoma well absorbed after 8 days.
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high mortality and morbidity all over the world. In ICH, there is rapid 
accumulation of blood within brain parenchyma leads to increased 
intracranial pressure and interruption of normal structure. Significant 
tissue damage occurs quickly because of space occupying lesion and 
toxicity of the degrading hematoma. Secondary consequences of ICH 
include (1) cytotoxicity of blood, (2) excite toxicity, (3) oxidative 
stress and inflammation (4) hyper metabolism, (5) spreading 
depression [4-8]. After ICH the extravasated blood components 
(primarily erythrocytes and plasma proteins) and the “Damage” 
Associated Molecular Patterns (DAMPs), including nucleic acids, 
extra cellular matrix components, proteins, lipid mediators, ATP 
and uric acid released from necrotic and damaged tissue, impose a 
strong cytotoxic, pro-oxidative and pro inflammatory insult toward 
surrounding viable brain cells, and could be seen as early as minutes 
after onset of ICH. At this early stage the toxicity of extravasated blood 
plasma components including blood derived coagulation factors, 
complement components, immunoglobulins and other bioactive 
molecules are proposed to act as contributors to ICH affected 
tissue damage. Subsequently, Red Blood Cell (RBC) lysis starts at 
approximately 24 h and continues for the next several days, leading 
to discharge of cytotoxic Hemoglobin (Hb) with further deterioration 
of the pathological status. Ultimately, this pathogenesis leads to 
irreversible disruption of the components of the neurovascular unit, 
constituting gray and white matter, and is followed by blood-brain-
barrier disruption [9-12].

Our study focused to judge the presence of immunodepression in 
acute ICH patients. Peripheral blood CD3+, CD4+, CD8+, Leucocytes 
and lymphocytes count are a marker of the response of the immune 
system and reflect the activation of the inflammatory cascade following 
a spontaneous ICH [13]. These are commonly practicable biomarker. 
Our study pointed that the presence of immunodepression was in 
ICH patients with its consequences in terms of bacterial infections 
complicating the clinical course. There are two most important 
findings: (1) ICH induced immunodepression occurred over high 
grades or operated cases; and (2) bacterial pneumonia occurred only 
in operative patients. Leukocytosis and lymphopenia were revealed 
in all ICH patients of our studies (Graph 1). The alteration in the 

leukocyte count and lymphocytes over 72 h may better reflect the 
amount of inflammatory response mounted in reaction to the ICH. 
In our studies, patients with clinical signs and symptoms of infection, 
including altered mental status, temperature, admission leukocyte 
count, abdominal pain, cough, burning urine or diarrhea underwent 
an infectious work up. Earlier studies had documented that raise 
peripheral leukocyte counts were associated with early neurologic 
deterioration but were not independently associated with functional 
outcomes as measured by modified rankin scale at 30 days. One 
recent study found that although a higher white blood cell count was 
associated with increased mortality in ICH patients, but this did not 
increase the risk of death independently of other indicators of ICH 
severity [14]. But our studies demonstrated their association with 
ICH volume and infection rate.

To our knowledge, this study is the first to prove immunodepression 
in relation to the acute ICH. These results suggested that the severity 
of disease combined with the clinical course to be strongly associated 
with the duration of immunodepression and occurrence of fever and 
pneumonia. In severe patients, we found a persistent suppression of 
the cellular immune response throughout the observation period of 
10 days, whereas in medically manage patients parameters of immune 
competence recovered within 5 days after acute ICH. This is also 
reflected clinically because observation patients showed no signs of 
systemic inflammation and a lower incidence of fever as compared to 
the operative group. In the literature, Temporary immunodepression 
had been already defined in patients after acute traumatic brain 
injury and ischemic stroke. Comparable to our results, distinct 
immunodepression and severe infections occurred in post-operative 
ICH patients with serious clinical course. Clinical studies and 
experimental have directed that activation of the neurohumoral 
stress pathways that is the sympathetic nervous system and the 
hypothalamic pituitary adrenal axis, plays an important role in the 
inhibition of immune function after acute central nervous system 
injury [15,16]. It must likely similar mechanisms are applied in the 
development of immune depression after ICH.

Our study indicated that ICH induced immunodepression 
syndrome. However, the underlying pathophysiology remains 
unclear. Interestingly, we revealed that leukocytosis and lymphopenia 

Figure 2: Preoperative CT scan (Above) of Case V (46/F) indicating left ICH 
with ventricle extension on admission and managed by burr hole drainage. 
Post-operative CT scan (Below) of Case II (46/F) showing hematoma almost 
disappeared.

Figure 3: Pre-Operative CT scans (Above) of Case VI (62 years/male) found 
right intracranial hemorrhage with a midline shift. The hyper dense (bright) 
area represents acute bleeding .There is a midline shift to the patient's 
left. Post-operative CT scans (Below) of Case I (62 years/male) showing 
evacuation of hematoma.
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are associated with higher frequency of infections independently of 
ICH blood volume. We also found a strong relationship between 
intra ventricular hemorrhage extension, sympathetic activation 
and immunodepression. In ICH, intraventricular blood in the area 
of autonomic and immune controlling centers such as thalamus, 
hypothalamus may play a crucial role in sympathetic activation 
and, thus, in subsequent immune depression. There is increasing 
evidence that brain immune interactions become deregulated after 
ICH, resulting in a stroke related immunosuppression syndrome. 
ICH related blood brain barrier damage accelerates the interaction of 
immunocompetent blood cells with astrocytes, the facultative antigen 
presenting cells in the brain. Consequences may contain: (1) loss of 
some auto reactive lymphocyte clones due to adhesion to arterial 
walls, (2) trapping of lymphocytes in the places of their differentiation 
and maturation, and (3) bothered differentiation of lymphocyte 
progenitors [17]. These results show that marked changes are observed 
in cell mediated immunity shortly after ICH. They are manifested as a 
decrease in the total lymphocyte count, decrease in the T-lymphocyte 
population and lowering of immunoglobin and production of 
the leucocyte migration inhibition factor. The cause of the kind of 
changes is not clear. Little is known about immunological status of 
our patients before admission to hospital. They did not have evident 
symptoms of infection during the first examination at hospital. All of 
them were at home before the ICH. There was no active tuberculosis 
or neoplasia or others. Most of the patients in our studied groups had 
hypertension, but these appeared unlikely causes of such profound 
changes in the lymphocyte count and T-lymphocyte sublets. Our 
studied couldn’t suppose that the immunological changes are a result 
of the advanced age of the patients as our medium age was 53 years. 
It is known that cell mediated immunity decreases with age [18,19]. 
In our control group healthy older subjects had a diminished cell 
mediated immunity as compared with younger persons, but changes 
in immunity in the older subjects were never so marked as in patients 
with strokes.

It is more likely that stroke alone leads very rapidly to changes in 
the immunological parameters. In our patients the immune depression 
may have been caused by stress induced severe alteration in the 
blood circulation and tissue destruction. It is recognized that stress 
induced by several factors can alter the immune response (Monjan 
and Collector 1977; Eskola et al.). Disorders in the metabolism of 
carbohydrates and amino acids known to happen in stroke can also 
change the immune reactivity. In cases of surgical injury and head 
trauma, the amount of brain dysfunction plays a role in the depression 
of the immune system. The reduction in cell-mediated immunity was 
maximum profound in cases with cerebral hemorrhage [20-22]. Very 
rapid and marked depression of cell-mediated immunity has been 
observed in patients after surgical operation (Graph 1). The decrease 
in the immune response was greater if trauma was more severe. 
Likewise, phagocytic activity also reduced in cerebrovascular accident 
which was dependent on the duration of loss of consciousness and 
severity of the tissue damage (Dodsworth and Harris 1971, Van 
Woerkom et al. 1973, 1977). Head trauma without proof of obvious 
tissue destruction, but only with loss of consciousness also leads to 
a decrease in the proportion of the peripheral blood T-lymphocytes 
and to impairment of their function [14,23].

We supposed that the depression in the immune function was 
caused by severe stress during the course of disease. Impairment 
of the immune function may increase susceptibility to infection. 
The humoral immune response was not so evidently changed, 

and the observed increase of IgM in the sera was probably present 
before the stroke. Etiology of raise IgM could not explant here. 
Experimental models of ischemic stroke and research in humans 
have well recognized stroke induced immune deficiency facilitated 
via. Hypothalamic pituitary axis and sympathetic nervous system 
activation. Catecholamine intervened impairment of cellular 
immune responses include lymphopenia, decreased lymphocyte 
activation, shift from Th1 to Th2 cytokine predominance, or 
decreased HLA-DR expression on monocytes [24]. Accordingly, 
higher sympathetic activity with subsequent inhibited immune 
function has been associated with the occurrence of posts ICH 
infections. High infection rate after severe stroke may partly relate 
to brain induced immunodepression syndrome. Acute stroke is 
susceptible to bacterial infection. Pulmonary and urinary infections 
are the leading medical problems after stroke and the leading cause 
of death, with prevalence of up to 33%. In an experimental stroke 
model, Sarrafzadeh et al. had revealed that cerebral ischemia induces 
a rapid suppression of cellular immune responses, which precedes 
the development of systemic bacterial infections within 3 days after 
stroke. The pathophysiological mechanisms leading to high incidence 
of infections after stroke are not fully explained. Dysphagia, impaired 
consciousness, aspiration caused by feeding tube placement, 
orotracheal intubation, reduced bulbar reflexes, and or mechanical 
ventilation for several days are considered to be major contributors 
to the high incidence of bacterial pneumonia after stroke [19,21,25]. 
It is therefore not shocking that this complication occurred only in 
symptomatic patients of our study. However, recent experimental 
and clinical studies stress the role of an impaired immune response in 
addition to neurological deficits causing dysphagia for the increased 
susceptibility to nosocomial pneumonia in patients with acute central 
nervous system injury [26]. We demonstrate in this study that 
patients with pneumonia showed significantly lower T-cell counts, 
rapid decrease in peripheral blood lymphocyte counts compared 
to patients without infectious complications. Notably, impaired 
cellular immune function in patients with pneumonia (particularly 
T-lymphopenia and leukocytosis) was evident as early as day 1 after 
ICH. This supports the conception that immunodepression after 
acute central nervous system injury is an additional risk factor that 
increases susceptibility to infections. Our results established that such 
kind of immunological changes forecasts outcomes after ICH and also 
addressed in time to minimize morbidity and mortality. This study 
clearly demonstrated the association between the peripheral immune 
response and poor functional outcomes after ICH independent 
of infection or hemorrhage size. However, none of these current 
treatments have made a significant impact on patient outcome. 
Mortality and morbidity have not changed in several decades, despite 
improvements in ICU care. This study provides further evidence for 
the potential of targeting neuroinflammation as a treatment modality 
to improve outcomes amongst ICH survivors.

Conclusion
WBC, lymphocytes, IgM and CD4 were significant (P<0.05) 

in both operative and conservative ICH patients. They were 
altered according to severity. Their counts can be used to forecast 
prognosis and opportunistic infections. Our study recommended 
addressing that ICH induced immunodepression syndrome. This 
will be an early and easily affordable parameter to detect patients 
at high risk of subsequent infection. This study is the first to prove 
immunodepression in relation to the acute ICH.
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