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Abstract

Background—Animal models have demonstrated the deleterious contribution of splenic 

immunocytes on secondary brain injury after stroke. While previous work has demonstrated 

splenic contraction (SC) in patients with acute ischemic stroke (AIS) and intracranial hemorrhage 

(ICH), no clinical studies have examined the relationship between the systemic inflammatory 

response syndrome (SIRS) with SC in stroke patients.

Methods—This is a retrospective analysis of a previous prospective observational study where 

daily spleen sizes were evaluated in 178 acute stroke patients. Spleen contraction was based on 

previously established normograms of healthy volunteers from the same study. SC from the first 

24 hrs of stroke onset was evaluated against criteria for SIRS for the first 5 days of admission after 

AIS.

Results—91patients had verified AIS without concurrent infection at admission. SIRS was not 

associated with SC at admission. African American patients with early SIRS had higher odds of 

having SC. Older patients with persistent SIRS at 72 hrs had lower odds of SC. At 48 hrs, there 

was significantly higher lymphocytosis and lower neutrophils present in patients with SC. Patients 

with SIRS at 72 hrs were more likely to have worse discharge mRS.

Conclusion—This study provides evidence for an association among SC and SIRS in African 

American patients suggesting that spleen changes could be a biomarker for detecting SIRS in this 

population. Our data also indicate a counter association between SC and a lack of SIRS in patients 

older than 75. Further studies are needed to ascertain how age affects this association.

Index terms

spleen; systemic inflammatory response syndrome; inflammation; ischemic stroke

Corresponding Author: Sean Savitz, sean.i.savitz@uth.tmc.edu, (713) 500-7092 tel | (713) 500-0638 fax|. 

Conflict(s)-of-Interest/Disclosure(s)
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.

Ethical Approval
For this type of study formal consent is not required.

HHS Public Access
Author manuscript
Transl Stroke Res. Author manuscript; available in PMC 2020 May 18.

Published in final edited form as:
Transl Stroke Res. 2018 October ; 9(5): 484–492. doi:10.1007/s12975-017-0596-5.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

A number of preclinical studies indicate that the spleen contributes to inflammatory damage 

after ischemic stroke and traumatic brain injury [1–4]. After brain injury, the spleen 

contracts, releasing pro-inflammatory immune cells and cytokines[1–3, 5]. In these 

preclinical stroke models, pre or immediate post-stroke splenectomy via surgery or 

irradiation attenuates stroke infarct size and decrease peripheral immune cell infiltration into 

the infarct area[6–9].

Clinical translation of these findings is still limited by an incomplete understanding of 

spleen contraction (SC) in patients with acute ischemic and hemorrhagic stroke. In prior 

evaluations of splenic responses after stroke, SC was observed in patients with both acute 

ischemic stroke (AIS) and intracerebral hemorrhage (ICH) as compared with healthy 

controls[10–12]. SC was associated with an increase in both pro-inflammatory cytokines - 

interferon gamma (IFNg), interleukin (IL)-6, and IL-10 - and anti-inflammatory cytokines - 

IL-12. The full extent of the inflammatory response resulting from SC has yet to be 

characterized, and an increase in both anti- and pro-inflammatory cytokines suggests that the 

role of SC is nuanced and may be time-dependent.

The systemic inflammatory response syndrome (SIRS) is an inflammatory process that is 

detrimental to stroke recovery independent of the presence of infection. SIRS is defined by 

the presence of two of the following: body temperature changes, leukocytosis or leukopenia, 

elevated heart rate, or elevated respiratory rate[13]. The presence of non-infectious SIRS is 

associated with longer hospital stays and poor functional outcome at discharge[14, 15]. 

Leukocytosis and elevated temperature are both independently associated with poor 

functional outcomes in AIS patients[16–19]. An inflammatory reaction in the absence of 

infection results from cellular, humoral, or metabolic mechanisms and can lead to an 

increase in brain injury in patients with acute stroke[20–23].

How non-infectious SIRS originates in the post stroke setting is poorly understood. Given 

the possible role of SC in activation of cytokines and release of immune cells, we 

hypothesized that non-infectious SIRS is associated with SC. This correlation could uncover 

a new biomarker and possible target for predicting and mitigating the development of SIRS 

and secondary damage from peripheral immune activation. Understanding the potential 

associations between SC and the development of SIRS may further clarify the biological 

relevance of SC in patients with acute stroke. We therefore aimed to identify an association 

between SC and SIRS and its components in patients with AIS and characterize the patients 

who demonstrate this association.

Methods

Study Population

We performed analyses on our cohort of AIS patients from the Assessment of Spleen Size 

Reduction and Inflammatory Markers in Acute Stroke over Time (ASSIST) study [10, 11]. 

This patient population consisted of 178 patients with AIS or ICH whose spleens were 

serially evaluated by abdominal ultrasonography. The details of the protocol have been 
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previously reported [10]. For this evaluation, we included only patients with AIS; patients 

with ICH or stroke mimics were excluded. Patients with evidence of infection on admission 

or who were on antibiotics at time of admission were also excluded from the study. Infection 

at admission was considered present if there was clinical suspicion for infection and 

evidence of a source - urinalysis profile consistent with infection, positive cultures (urine, 

blood, stool, or sputum), or chest x-ray demonstrating findings concerning for pneumonia. In 

our poststroke population, the presence of fever and/or leukocytosis without a source for 

infection could be secondary to onset of stroke; therefore, patients without an identifiable 

source were not considered infected. Data were gathered on patients enrolled between April 

2010 and December 2013. All AIS patients received standard of care treatment based on 

American Heart Association guidelines, including acute treatment with IV tPA when 

appropriate.

SIRS criteria

Patients who developed SIRS during their hospitalization were identified via chart review. 

SIRS was defined by the presence of ≥2 of the criteria listed in Table 1. Relevant maximum 

and/or minimum values were obtained for a complete 24 hr period and assessed for whether 

the measurements met SIRS criteria. If a patient did not have ≥2 criteria recorded over a 24 

hr period, they did not meet the SIRS definition. White blood cell counts and differentials 

were obtained from chart reviews and reflect daily labs collected as a part of standard of 

care. The cell count differential is provided as both individual cell counts and as a 

percentage that is calculated from the cell counts automatically by the hospital lab.

Infarct volume

MRIs available for patients during the first 5 days of their hospital stay were evaluated. 

Imaging was available on 86 of the 91 patients evaluated for this study; all patients only had 

one MRI to evaluate during the specified time period. OsiriX V.9.0 imaging software was 

used to calculate the total infarct volume on diffusion weighted sequences. Lesions with 

diffusion restriction and ADC correlation were manually outlined using the OsiriX closed 

polygon tool creating a region of interest (ROI) and volume was calculated using the ROI 

volume function. Patients with multifocal infarcts had all lesions evaluated and the sum 

taken for total volume.

Outcomes

The primary outcomes were development of early SIRS within 48hrs of hospitalization and 

development of SIRS at each individual 24hr time point for the first three days. Secondary 

outcomes included: the individual components of SIRS at each 24 hr time point, the 

presence and type of infection that developed after hospital admission, white blood cell 

count profiles, discharge functional outcome as defined by modified Rankin Scale (mRS).

Spleen measurements and spleen contraction

The details and protocol for spleen measurement and determination of spleen contraction 

have been previously reported [10, 11]. Briefly, patients that were deemed eligible for the 

ASSIST trial had serial spleen measurements for seven days or until day of hospital 
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discharge. The first spleen scan was obtained within 24 hrs of symptom onset followed by 

repeat measurement at every 24±6hr interval. Measurements were obtained at each time 

point for every patient in triplicate, and the final spleen volume was calculated by averaging 

three closet measurements, using a prolate ellipsoid formula as described previously[10]. 

Based on serial data from healthy volunteers, predictive normograms using body surface 

area (BSA) and gender were created for multiple percentiles, and a day-to-day variation was 

quantified. Stroke patients with observed spleen volumes smaller than expected spleen 

volume by a factor of at least −2 (twice) for the average day-to-day variation at the 50th 

percentile, were considered to have spleen contraction [10]. The term “spleen contraction” 

refers only to reduction in spleen size and does not refer to the mechanism of reduction. 

Spleen contraction has been consistently used as a term to describe changes in spleen size by 

our group in prior studies [10, 11].

Statistical analysis

Based on the distribution of continuous variables, their summary measures were calculated 

as either means with standard deviations (SDs) or medians with interquartile range (IQR). 

Univariate analysis was performed to determine demographic, clinical, and imaging 

variables that were most strongly associated with spleen volume or development of SIRS. 

Patients with SC were compared to those without SC using either t-tests or ANOVA when 

appropriate. Logistic or linear regression models were fit to determine the association of 

demographic, imaging and clinical factors with SC. Logistic or linear regression analyses 

were conducted to assess the relationship between SC and the primary and secondary 

outcomes as described above. We also assessed interaction between SC and either old age 

(>75 years) and African American race, based on our univariable demographic analyses and 

prior literature. Alpha was set at 0.05 for all statistical testing. Statistical analysis and 

graphical representation was done using STATA version 14 (StataCorp, College Station, 

TX), R (R Development Core Team, 2011, Vienna, Austria), and Microsoft Excel 

(Microsoft, 2013, Redmond, WA).

Results

A total of 178 patients participated in the ASSIST study, of which 91 were included in this 

analysis. Each day of admission was defined as starting from admission with each 

subsequent 24 hr period. Figure 1 demonstrates the breakdown of patients per day. By day 5, 

only half (45 patients) of the initial study population remained inpatient.

Factors associated with SC

Table 2 demonstrates the differences in baseline characteristics between patients who 

experienced SC (40.6%) and those without SC (59.4%) within the first 24hrs of symptoms 

onset. Patients with SC were more likely to be older than 75 years (51.3% versus 27.8%, 

p=0.02) and to use beta blockers prior to admission (54.1% versus 27.8%; p = 0.01). Beta 

blocker usage remained significantly higher in the SC group (OR = 2.88, 95% CI: 1.1–7.8) 

in multivariate analysis. African American race was also associated with SC after 

multivariate analysis (OR 3.1, 95% CI:1.1–9.0). There was no difference in SC based on 

insular cortex involvement, hemorrhagic transformation, right versus left sided stroke, 
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posterior versus anterior circulation involvement or infarct volume. 17 pts (18.7%) 

developed infections while hospitalized, of which the vast majority were UTIs. There was no 

difference in the percentage of patients with infections between patients with SC and those 

without SC.

Factors associated with SIRS

72 pts developed early SIRS (first 48 hrs). The percentage of patients with SIRS declined 

from day 1 to day 5 (Supplemental Figure 1). The median SIRS onset was hospital day 1 

and average number of SIRS criteria met was 2, regardless of the presence of initial SC. 

There were no clear baseline differences in patients with and without early SIRS, although 

there was a trend toward significance for patients with early SIRS and worse mRS at 

discharge and discharge NIHSS/7 day NIHSS (Supplemental Table 1). When we evaluated 

differences in patients with and without SIRS at each individual day, we found no clear 

difference in baseline variables or outcome on days 1 or 2 (not shown). On day 3 after 

stroke, patients with SIRS had higher odds of having higher discharge NIHSS and more 

hemorrhagic transformation of their strokes and trended toward having larger infarct sizes 

(Supplemental Table 2). Tachycardia/tachypnea were the most common set of criteria that 

qualified patients for SIRS during the first 3 days, occurring in 31.3% of SC patients and 

35.3% of non-SC patients.

Association between SC and SIRS

We evaluated both the presence of early SIRS and SIRS on any individual day within the 

first 72 hrs of stroke onset with SC. There was no association between initial SC and 

development of early SIRS or SIRS on individual days 1–3 (Figure 2a, Table 3) on 

univariate and multivariate analysis controlling for infection during admission, gender, prior 

stroke, and beta blocker usage in addition to age and race. We also examined potential 

interactions between SC and African American race and patients of older age (> 75 years). 

These variables were chosen based on the baseline differences between our patients with and 

without SC and on prior studies.

The presence of early SIRS within 48 hrs of stroke onset was associated with SC when the 

patient was of African American race (Table 3). 92.3% African American patients with SC 

developed SIRS compared to 62.5% of patients of other races with SC. In African 

Americans, there was a 5.57 increase in the odds that patients with early SIRS also have 

initial SC.

The presence of SIRS at 72 hrs was associated with the lack of SC in patients older than 75 

years of age on both univariate and multivariate analysis (Figure 2b, Table 3). For patients 

>75years of age, 71.4% of patients without SC developed SIRS compared to 46.7% of 

patients with SC. In this older age group, there was a 0.9 decrease in the odds that patients 

with SIRS at 72 hrs had SC. There was no significant association between SC and SIRS in 

the younger age group. We excluded patients that had new onset SIRS on day 3 and 

examined the 37 remaining patients that had persistent SIRS through all 3 days of 

admission. There continued to be an association between SIRS and the lack of SC in the 
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older patient group (p = 0.02). There was a 0.92 decrease in the odds that patients with SC 

would develop SIRS on day 3.

There was no association between the individual components of SIRS (leukocytosis, 

tachycardia, tachypnea, or temperature) and SC (Supplemental figure 2), regardless of 

interactions (not shown). The apparent difference in patients with leukocytosis seen in day 5 

between patients with and without SC was not significant and the result of low sample size 

(5 versus 0 patients). The average number of SIRS criteria met in our patients was two. We 

evaluated combinations of SIRS components (leukocytosis-tachycardia, tachycardia-

tachypnea, tachypnea-fever, fever-leukocytosis, leukocytosis-tachypnea, fever-tachycardia) 

and did not find a difference in patients with SC and those without (not shown). We also 

looked at the distribution of the number of SIRS criteria met and found that no patients with 

SC met all 4 criteria on days 1, 2, and 3 (Supplemental Figure 1).

Association of SC with inflammatory cells

On univariate analysis, the percentage of bands and total leukocytosis were statistically 

lower in the patients with SC, but did not remain significantly different after multivariate 

regression analysis. There was a difference in white blood cell count and % monocytes in 

patients with or without SC on univariate analysis but not on multivariate analysis. 

Neutrophils were significantly lower on univariate and multivariate modeling (p = 0.004) 

and lymphocytes were significantly higher (p = 0.02) in patients with SC (Figure 3, 

Supplemental Table 3) on multivariate analysis. Mean cell counts for white blood cell count 

and the differentials are supplied in Supplemental Table 4. There was no association with the 

interaction terms SC x Age>75 or SC x African American race.

Discussion

The contribution of the spleen to peripheral immune modulation after ischemic stroke has 

been addressed by many animal studies[2, 3, 8, 12, 21, 24], but the effect of SC on 

peripheral immune activity in humans after stroke has yet to be characterized. In this 

retrospective analysis, we found no difference in the development of SIRS in patients with or 

without SC overall. We did find that early SIRS was strongly associated with SC in African 

American patients, but that in older patients, there is a higher incidence of SIRS without SC 

at 72 hrs after stroke.

There continues to be ambiguity how non-infectious SIRS is activated post-stroke, although 

it is likely associated with the extent of ischemic damage since successful thrombolytic 

therapy attenuates the response[25]. Our findings demonstrate differences in how SC may 

influence the development of SIRS across race and age. The data suggest that SIRS is more 

likely to be associated with SC in African American patients but race was not an 

independent predictor for the development of SIRS as seen in other studies. Patients of 

African American race have been found to have higher rates of non-infectious SIRS after 

stroke[15, 26] and there is data demonstrating higher rates of infection and sepsis in African 

American patients[27–29]. African American race has also been included in a non-infectious 

SIRS prediction model[26]. That we did not find African American race to be an 
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independent predictor of SIRS could represent our small sample size and our inclusion of 

patients who subsequently developed infections.

Age however seems to have an opposite effect – SC is associated with less persistent SIRS 

in older patients. There are several possible mechanisms that explain this association. In 

animal studies, the noradrenergic innervation of the spleen and presence of T-lymphocytes 

and macrophages in the white pulp both decline with age[30–32]. The association between 

SC and lack of SIRS may represent a subset of older patients that at baseline have smaller 

spleens and are less able to mount an inflammatory reaction. Alternatively, this association 

may represent differences in the innervation and distribution of red and white pulp with age. 

In animal models, older rodents had more hemosiderin deposition in the red pulp and lower 

percentages of lymphocytes in white pulp[33] and contraction may simply be a reflection of 

the change in red pulp. A lack of contraction in an older patient may not be representative of 

the full effect of splenic contribution to immune system activation. Both of these 

possibilities suggest that robust white pulp function of the spleen may be required for a SIRS 

response.

Our analysis reveals that patients that used βblockers prior to admission had a higher odds of 

developing SC. Of the 35 patients on βblockers, 30 were on selective βblockers, with no 

differences in distribution between patients with or without SC. We were unable to review 

whether βblockers continued to be used for the duration of their hospitalization. The 

innervation of the spleen is mostly sympathetic in origin and regulation occurs via α1- and 

β-adrenergic receptors with α-receptors controlling smooth muscle contraction of the 

splenic capsule and β-receptors modulating immune function at both a follicular and a 

cellular level[30, 31, 34]. Control within the spleen is achieved via high and low gradient 

clusters of receptors used to regulate the release of immunocytes[35, 36]. It is unclear why 

pre-morbid β- blocker usage would be associated with SC but this may be related to 

selective β1 blockade and a lack of α blockade activity. Prior animal studies have 

demonstrated that blockade of α1 receptors – either with prazosin or carvedilol – was 

necessary for attenuation of spleen contraction, although additional β blockade was also 

required to provide neuroprotection after stroke[37]. Blockade of β1 and β2 receptors alone 

– with propranolol – did not affect spleen contraction and did not have an effect on infarct 

volume.

There was no difference in the rates of infection in patients with or without SC, taking into 

account Age >75 and race. Preclinical models have suggested that the immune response 

after stroke is a biphasic phenomenon[38]. There is an initial activation of local and 

peripheral immune responses in the initial hours followed by stroke-induced immune 

depression (SID) leading to increased odds of developing infection[38–40]. The association 

of SC with early SIRS in African Americans was significant, and some population studies 

have demonstrated higher rates of infection and sepsis in African Americans after stroke[27, 

28]. These results may hint at a relationship between SC, early SIRS, and the development 

of infection from SID.

There was no difference in discharge mRS when comparing patients with SC and without 

SC in our AIS subset while our larger database of ischemic and hemorrhagic strokes – from 
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which these patients were derived – demonstrated that SC is associated with a higher mRS at 

discharge. This difference may reflect the smaller sample size when focusing just on patients 

with AIS without infection. We confirmed with our dataset that patients with SIRS at 72 hrs 

had worse NIHSS at discharge/7 day NIHSS (Supplemental Table 2) compared with those 

without SIRS. Patients who develop non-infectious SIRS are more prone to poor 

outcomes[15, 26].

Consistent with other studies on stressful states, we did find there was a significant increase 

in lymphocytosis at 48 hrs in patients with SC compared with those without SC that occurs 

in other stressful states[12, 41]. There was no increase in the rate of leukocytosis or infection 

in the first 72hrs of admission in patients with SC. We also found a decrease in neutrophils 

in patients with SC, 69.1% in patients without SC compared to 64.9% in patients with SC 

(Figure 3, Supplemental Table 3). This decrease in neutrophil content in the serum of 

patients with SC may represent neutrophil distribution to other body compartments, namely 

the brain. Neutrophil infiltration into the brain occurs early after stroke, in the first several 

hours. Decreased serum neutrophil concentrations at day 2 after stroke may represent 

increased extravasation from blood to brain after SC[42–44].

Our study is limited by its retrospective nature. Some of the components of SIRS require 

measurements of vital signs and lab-work that could have been inconsistently measured 

among patients. During the course of evaluating patients for SIRS, we noted a large number 

of our patients had elevated respiratory rates, many of whom were designated as having 

SIRS because tachypnea was present. While sometimes indicating a true pathology, 

tachypnea may be improperly recorded or indicative of other stressful states (anxiety, pain, 

exertion after therapy) unrelated to actual lung injury. Furthermore, very few patients had 

leukocytosis or leukopenia that qualified them for SIRS criteria (not shown). Finally, this 

study involved a small sample size at one academic center which limits the generalizability 

of the results. Prospective studies that include the systematic collection of SIRS data and the 

measurement of inflammatory markers and outcomes to determine the associations between 

SC and inflammatory status in post-AIS are needed to further clarify the role of SC in post-

stroke peripheral immune activation.

Conclusion

This study found that associations between SC and SIRS appear to depend on age and 

ethnicity. Our data indicate the need for additional prospective work in appropriately 

selected patients in order to understand how SC contributes to peripheral immune activation 

in post-stroke humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient breakdown.
178 total patients with stroke were initially enrolled into ASSIST. Of these a total of 91 

patients were included in our analysis. Patients with ICH. stroke mimics, and initial infection 

were excluded. By day 5 of admission, about half of the original patient population was left.
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Figure 2. SIRS in patients with or without SC.
There is no difference in the development of SIRS between patients with or without SC by 

24 hrs of stroke onset. After stratifying by age however, there is an increase in SIRS in 

patients without SC in those >75 years of age. Models are adjusted for: age, sex, race-

ethnicity, infection, beta blocker usage, NIHSS at admission, prior stroke, and the interaction 

terms SC x Age>75 and SC x African American race.
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Figure 3. Components of white blood cell count in patients with and without SC.
There is no difference in leukocytosis in patients with and without SC, however on closer 

evaluation there are changes in the composition of the total white blood cell (WBC) count. 

There in multivariate modeling, there is higher lymphocyte percentage in patients with SC 

and a lower neutrophil percentage in patients without SC. Models are adjusted for: age, sex, 

race-ethnicity, infection, beta blocker usage, NIHSS at admission, prior stroke, and the 

interaction terms SC x Age>75 and SC x African American race.
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Table 1.

SIRS Criteria

Two of more of the of the following:

 • Body temperature <36°C or >38°C

 • Heart rate >90

 • Respiratory rate >20

 • White blood cells <4000/mm or >12 000/mm or >10% bands over 24 hours.

SIRS criteria based on the American College of Chest Physicians and Society of Critical Care Medicine definition form 1992[13].
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