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Abstract

Background—Neurologic deterioration (ND) after acute ischemic stroke (AlS) has been shown
to result in poor outcomes. ND is thought to arise from penumbral excitotoxic cell death caused in
part by leukocytic infiltration. Elevated admission peripheral leukocyte levels are associated with
poor outcomes in stroke patients who suffer ND, but little is known about the dynamic changes
that occur in leukocyte counts around the time of ND. We sought to determine if peripheral
leukocyte levels in the days surrounding ND are correlated with poor outcomes.

Methods—~Patients with AIS who presented to our center within 48 hours of symptom onset
between July 2008 and June 2010 were retrospectively identified by chart review and screened for
ND (defined as an increase in National Institutes of Health Stroke Scale score =2 within a 24-hour
period). Patients were excluded for steroid use during hospitalization or in the month before
admission and infection within the 48 hours before or after ND. Demographics, daily leukocyte
counts, and poor functional outcome (modified Rankin Scale score 3-6) were investigated.

Results—Ninety-six of the 292 (33%) patients screened had ND. The mean age was 69.5 years;
62.5% were male and 65.6% were black. Patients with a poor functional outcome had significantly
higher leukocyte and neutrophil levels 1 day before ND (P=.048 and P =.026, respectively), and
on the day of ND (P=.013 and P =.007, respectively), compared to patients with good functional
outcome.

Conclusions—Leukocytosis at the time of ND correlates with poor functional outcomes and
may represent a marker of greater cerebral damage through increased parenchymal inflammation.
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Neurologic deterioration (ND), the acute worsening of stroke severity, is common in the
stroke unit or neurologic intensive care unit. Approximately one-third of patients experience
ND after acute ischemic stroke (AIS).23 More than half of ND episodes occur within the
first 24 hours of stroke onset.3# Patients who experience ND are more likely to experience
poor functional outcomes®8 and in-hospital mortality.”

ND is thought to be the result of penumbral excitotoxic cell death caused by a combination
of factors, including failure of collateral perfusion, reocclusion after recanalization therapy,
and inflammation of the ischemic parenchyma.18:2 Cerebral ischemia results in leukocyte
infiltration and proinflammatory cytokine release after a disruption of the blood—brain
barrier.19-12 Earlier studies have shown that peripheral leukocyte levels will rise following a
cerebrovascular insult.1314 The extent of initial leukocytosis during a stroke can predict
greater initial stroke severity, discharge disability, and, more tangibly, larger final infarct
volume.15:16 Recently, it has been shown that admission leukocyte levels can predict not
only the likelihood of ischemic stroke,17:18 but they are also an independent predictor of
ND.2’19

While the predictive and prognostic relationship between admission leukocyte levels and ND
in the face of AIS is becoming more clear, little is known about the dynamics of leukocyte
levels before, during, or after ND, and what prognostic implications, if any, exist as a result
of these fluctuations. The objective of this study was to investigate the association between
leukocyte levels and ND and to determine if leukocyte levels were associated with poor
patient outcomes.

Study Population and Variable Definition

Patients with AIS who presented to Tulane University Hospital between July 2008 and June
2010 were retrospectively identified through a previously collected stroke registry. Only
patients who experienced ND were included in this study. ND was defined as a =2-point
increase in a patient’s National Institute of Health Stroke Scale (NIHSS) score within a 24-
hour period. This definition was selected because it has been shown to be a sensitive
predictor of patient outcomes in our population.?® NIHSS examinations were performed
during the initial evaluation and every subsequent morning by a neurology attending that
was certified in the NIHSS examination.?! Patients who received tissue plasminogen
activator (tPA) were included in this study.

Patients were excluded if they were admitted >48 hours after last seen normal (LSN), had an
unknown LSN time, experienced an in-hospital stroke, had a documented infection 72 hours
before or after admission, or had an infection 48 hours before or after the detection of ND.
Infection was defined as any positive culture (excluding contaminants) plus any other
suggestive clinical criteria (such as fever and tachycardia). Patients who received systemic
corticosteroids 1 month before or during their hospital stay were also excluded. Patient
demographics, daily leukocyte counts (measured in 10° cells/L) from routine complete
blood cell counts (CBCs) with differential, admission and daily NIHSS scores, and outcome
measures were recorded. Stroke etiology was categorized according to previously
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standardized definitions set forth in the Trial of Org 10172 in Acute Stroke Treatment.22
CBCs were examined in a 2-day window surrounding ND. For simplicity, 2 days before ND
is written as ND-2; 1 day before ND, ND-1; day of ND, ND-0; 1 day after ND, ND+1; and
2 days after ND, ND+2. Outcome measures included return to pre-ND NIHSS score
(baseline), length of stay (LOS), NIHSS score at discharge, modified Rankin Scale (mRS) at
discharge (with poor functional outcome defined as a discharge mRS score >2), favorable
discharge disposition (home or inpatient rehabilitation), unfavorable disposition (skilled
nursing, long-term acute care, hospice, or death), and in-hospital mortality. A neurology
attending, certified in the mRS,23:24 documented the mRS score for each patient upon
discharge as part of our registry.

Statistical Analysis

Results

Categorical variables were assessed using the Chi-square or Fisher exact tests where
appropriate. Leukocyte, neutrophil, and lymphocyte counts were assessed using Student ¢
test, Wilcoxon rank sum test, and analysis of variance to assess differences between groups.
The Spearman correlation was used to assess the correlation between leukocyte, neutrophil,
and lymphocyte counts and variables of interest. A random effects mixed model was used to
assess the changes in total leukocyte, neutrophil, and lymphocyte counts over time adjusting
for baseline NIHSS score and race.

Outcome Measures

Four hundred thirty-eight consecutive patients admitted to our center with AIS between July
2008 and June 2010 were screened. After excluding patients based on our methods, 292
patients met the inclusion criteria. Of these, 96 target subjects (32.9%) experienced ND;
Table 1 shows their demographic data and characteristics. Tables 2—4 show their outcome
measures with this study in relation to total leukocyte (Table 2), neutrophil (Table 3), and
lymphocyte (Table 4) levels surrounding ND.

Patients who failed to return to their pre-ND NIHSS score had significantly greater total
leukocyte levels on ND+2 compared to patients who returned to their baseline (£=.038).
Otherwise, total leukocyte, neutrophil, or lymphocyte levels in the 2 days surrounding ND
were not significantly different in patients who returned to their pre-ND NIHSS score
compared to those who did not.

Patients with a longer LOS had significant differences in total leukocyte, neutrophil, and
lymphocyte levels, although these disparities occurred at different times in relation to ND.
Mean total leukocyte levels were significantly higher on ND+1 in those with a longer LOS
(P<.001), while mean neutrophil levels were elevated on ND-0 and ND+1 (P=.037 and P
<.001, respectively). Lymphocyte levels were significantly lower in those with a longer LOS
on ND-2, ND-1, and ND-0 (P=.048, P=.026, and P<.001, respectively).

Patients with a higher NIHSS score on discharge had higher total leukocyte levels on ND-1,
ND-0, ND+1, and ND+2 (P=.047, P=.005, P=.001, and P< .001, respectively).
Neutrophil levels were significantly higher on ND-2, ND-0, ND+1, and ND+2 (P=.022, P
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=.004, P=.009, and P<.001, respectively). Lymphocyte levels were significantly lower on
ND+2 in those with a higher discharge NIHSS score (P=.001).

Patients with a poor functional outcome (discharge mRS score >2) had similar differences in
their leukocyte levels. Mean total leukocyte levels on ND-1 and ND-0 were higher in those
with a poor functional outcome compared to patients with good functional outcome (P =.048
and P=.013, respectively), as were mean neutrophil levels on ND-1 and ND-0 (~=.026 and
P=.007, respectively).

Patients with an unfavorable discharge disposition had significantly higher mean neutrophil
levels on ND-0 (P =.019). Lymphocyte levels were significantly lower on ND-1, ND-0,
ND+1, and ND+2 (P=.046, P=.002, P=.002, and P<.001, respectively) in those with an
unfavorable discharge disposition.

Leukocyte Level Changes Around ND

Only lymphocyte levels were found to be significantly increased 1 day before the ND event
(P=.001). No other cell type underwent significant changes in the days before or after ND.
In terms of correlating leukocyte levels and the ND event, total leukocyte levels on ND-2
and ND-0 positively correlated with the patients’ NIHSS scores on the day of the event (r =
0.367 [P=.042] and r = 0.324 [P=.011], respectively). Neutrophils on ND-0 were also
found to positively correlate with the NIHSS score on the day of ND (r = 0.294; P=.021).
Lymphocyte levels were not correlated with the NIHSS score during ND at any time
proceeding, during, or after ND (Table 5).

Discussion

Among patients with ND after AIS, we found that higher serum leukocyte and neutrophil
levels were associated with a variety of poor outcomes. In addition, those individuals with
worse outcomes had decreased lymphocyte counts. Overall, the differences in total
leukocyte, neutrophil, or lymphocyte levels generally occurred in the 24-hour window before
and after ND, with a majority of differences occurring on ND-0.

Leukocytic infiltration of the penumbra that leads to excitotoxic neuronal death is thought to
contribute to ND.25:26 |t has been shown that elevated leukocyte levels on admission predict
ND7 and are associated with poor outcomes.1 Our results suggest that elevated leukocyte
levels beyond admission are also associated with poor outcomes. The inverse relationship we
observed between lymphocyte levels and poor outcomes deserves special consideration. The
role of lymphocytes in ND is still unclear, but it has been suggested that specific subtypes of
lymphocytes (namely, T-regulatory cells) play a crucial role in curtailing the inflammatory
response seen in stroke.2”28 The poor outcomes we observed in patients with lower
lymphocyte counts could have been the result of fewer T-regulatory cells that were available
to modulate an immune response, thereby leading to greater cerebral damage. Additional
investigations are needed to elucidate the complex immunomodulatory interactions that
occur after stroke.
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Unlike previous findings, we did not observe significant changes in total leukocyte or
neutrophil levels after stroke. However, our population consisted solely of ND patients as
opposed to other studies that were not as specific.1213 In terms of the predictive value of
leukocyte changes before and during ND, we did find that lymphocyte levels significantly
increased on ND-1, and that total leukocyte and neutrophil counts on ND+0 correlated well
with the NIHSS score during ND. Together, these changes may serve as potential surrogate
markers of ND, but more investigations are needed to elucidate the predictive role of
leukocytes for ND.

Patients with stroke are more likely to acquire an infection,2® which is associated with a
worse outcome.30 In addition, leukocyte levels will rise after stroke regardless of infection.3!
We sought to limit these potentially confounding factors by excluding patients with
documented infection. Therefore, the results of this study should be tempered with the fact
that other investigations may not have had these exclusions; the generalizability of this study
may therefore be limited. However, our observations of elevated leukocyte counts with poor
outcomes may offer a partial explanation as to why stroke patients with infection may have
worse outcomes.

Our findings may not be applicable to all patient populations because our study was
conducted at a single center and our sample size was limited. It is difficult to compare
findings on ND given that there are no standardized ND definitions currently accepted in the
literature.32 We therefore elected to use a more sensitive definition of ND (=2-point increase
in NIHSS score in a 24-hour period). We were also limited by the retrospective nature of our
study. Daily CBCs were not received for all patients due to physician preference at the time
of hospitalization, resulting in selection bias. Because more than half of ND episodes occur
within 24 hours of stroke, not all patient leukocyte counts were available for the 24 to 48
hours preceding ND. Our results are also limited by the fact that our analyses were confined
to patients who experienced a first-time ND. However, we observed that patients may have
>1 episode of ND during their hospital stay (data not shown).

In conclusion, we found that patients with ND and poor outcomes had significant differences
in the leukocyte levels in the immediate days surrounding ND. Additional elucidation of the
dynamic changes in white blood cell differentials could prove useful in terms of predicting
ND. With the help of a common definition of ND, it is possible that close laboratory
monitoring could serve to identify patients that are likely to experience ND. The rapid and
accurate identification of these patients could provide a potential target group for testing
future therapies to prevent, or at least mitigate, this potentially disastrous consequence of
stroke.

References

1. Thanvi B, Treadwell S, Robinson T. Early neurological deterioration in acute ischaemic stroke:
Predictors, mechanisms and management. Postgrad Med J. 2008; 84:412-417. [PubMed: 18832401]

2. Miyamoto N, Tanaka Y, Ueno Y, et al. Demographic, clinical, and radiologic predictors of
neurologic deterioration in patients with acute ischemic stroke. J Stroke Cerebrovasc Dis. 2011 Sep
7. [Epub ahead of print].

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kumar et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 6

. Toni D, Fiorelli M, Gentile M, et al. Progressing neurological deficit secondary to acute ischemic

stroke. A study on predictability, pathogenesis, and prognosis. Arch Neurol. 1995; 52:670-675.
[PubMed: 7619022]

. Britton M, Roden A. Progression of stroke after arrival at hospital. Stroke. 1985; 16:629-632.

[PubMed: 2411028]

. Ogata T, Yasaka M, Wakugawa Y, et al. Predisposing factors for acute deterioration of minor

ischemic stroke. J Neurol Sci. 2009; 287:147-150. [PubMed: 19740487]

. Davalos A, Toni D, lweins F, et al. Neurological deterioration in acute ischemic stroke: Potential

predictors and associated factors in the European Cooperative Acute Stroke Study (ECASS). Stroke.
1999; 30:2631-2636. [PubMed: 10582989]

. Kwan J, Hand P. Early neurological deterioration in acute stroke: Clinical characteristics and impact

on outcome. QJM. 2006; 99:625-633. [PubMed: 16905751]

. Fisher M, Garcia JH. Evolving stroke and the ischemic penumbra. Neurology. 1996; 47:884-888.

[PubMed: 8857713]

. Castillo J, Leira R. Predictors of deteriorating cerebral infarct: Role of inflammatory mechanisms.

Would its early treatment be useful? Cerebrovasc Dis. 2001; 11(Suppl 1):40-48. [PubMed:
11244199]

Nilupul Perera M, Ma HK, Arakawa S, et al. Inflammation following stroke. J Clin Neurosci.
2006; 13:1-8. [PubMed: 16410192]

Dirnagl U, ladecola C, Moskowitz MA. Pathobiology of ischaemic stroke: An integrated view.
Trends Neurosci. 1999; 22:391-397. [PubMed: 10441299]

Huang J, Upadhyay UM, Tamargo RJ. Inflammation in stroke and focal cerebral ischemia. Surg
Neurol. 2006; 66:232—-245. [PubMed: 16935624]

Christensen H, Boysen G. C-reactive protein and white blood cell count increases in the first 24
hours after acute stroke. Cerebrovasc Dis. 2004; 18:214-219. [PubMed: 15273437]

Pozzilli C, Lenzi GL, Argentino C, et al. Peripheral white blood cell count in cerebral ischemic
infarction. Acta Neurol Scand. 1985; 71:396-400. [PubMed: 4013663]

Nardi, K.; Milia, P.; Eusebi, P., et al. [Accessed July 3, 2012] Admission leukocytosis in acute
cerebral ischemia: Influence on early outcome. J Stroke Cerebrovasc Dis. 2011 Jun 22. Available
from: http://www.strokejournal.org/article/S1052-3057(11)00102-9/abstract

Buck BH, Liebeskind DS, Saver JL, et al. Early neutrophilia is associated with volume of ischemic
tissue in acute stroke. Stroke. 2008; 39:355-360. [PubMed: 18162626]

Elkind MS, Cheng J, Boden-Albala B, et al. Elevated white blood cell count and carotid plaque
thickness: The northern Manhattan stroke study. Stroke. 2001; 32:842-849. [PubMed: 11283380]

Grau AJ, Boddy AW, Dukovic DA, et al. Leukocyte count as an independent predictor of recurrent
ischemic events. Stroke. 2004; 35:1147-1152. [PubMed: 15017013]

Audebert HJ, Pellkofer TS, Wimmer ML, et al. Progression in lacunar stroke is related to elevated
acute phase parameters. Eur Neurol. 2004; 51:125-131. [PubMed: 14988605]

Siegler, JE.; Boehme, A.; Kumar, A., et al. [Accessed July 3, 2012] What change in the NIH stroke
scale should define neurological deterioration in acute ischemic stroke. J Stroke Cerebrovasc Dis.
2012 Jun 12. [Epub ahead of print]. Available from: http://www.strokejournal.org/article/
$1052-3057(12)00112-7/abstract

Lyden P, Raman R, Liu L, et al. NIHSS training and certification using a new digital video disk is
reliable. Stroke. 2005; 36:2446-2449. [PubMed: 16224093]

Adams HP Jr, Bendixen BH, Kappelle LJ, et al. Classification of subtype of acute ischemic stroke.
Definitions for use in a multicenter clinical trial. TOAST Trial of Org 10172 in Acute Stroke
Treatment. Stroke. 1993; 24:35-41. [PubMed: 7678184]

van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver agreement for the assessment of
handicap in stroke patients. Stroke. 1988; 19:604-607. [PubMed: 3363593]

Rankin J. Cerebral vascular accidents in patients over the age of 60. Il. Prognosis. Scott Med J.
1957; 2:200-215. [PubMed: 13432835]

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 14.


http://www.strokejournal.org/article/S1052-3057(11)00102-9/abstract
http://www.strokejournal.org/article/S1052-3057(12)00112-7/abstract
http://www.strokejournal.org/article/S1052-3057(12)00112-7/abstract

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kumar et al.

25.

26.

217.

28.

29.

30.

31.

32.

Page 7

Mu S, Ouyang L, Liu B, et al. Relationship between inflammatory reaction and ischemic injury of
caudateputamen in rats: Inflammatory reaction and brain ischemia. Anat Sci Int. 2011; 86:86-97.
[PubMed: 20809266]

Akopov SE, Simonian NA, Grigorian GS. Dynamics of polymorphonuclear leukocyte
accumulation in acute cerebral infarction and their correlation with brain tissue damage. Stroke.
1996; 27:1739-1743. [PubMed: 8841321]

Liesz A, Suri-Payer E, Veltkamp C, et al. Regulatory t cells are key cerebroprotective
immunomodulators in acute experimental stroke. Nat Med. 2009; 15:192-199. [PubMed:
19169263]

Gee JM, Zierath D, Hadwin J, et al. Long term immunologic consequences of experimental stroke
and mucosal tolerance. Exp Transl Stroke Med. 2009; 1:3. [PubMed: 20142990]

Chamorro A, Urra X, Planas AM. Infection after acute ischemic stroke: A manifestation of brain-
induced immunodepression. Stroke. 2007; 38:1097-1103. [PubMed: 17255542]

Hilker R, Poetter C, Findeisen N, et al. Nosocomial pneumonia after acute stroke: Implications for
neurological intensive care medicine. Stroke. 2003; 34:975-981. [PubMed: 12637700]

Fiszer U, Korczak-Kowalska G, Palasik W, et al. Increased expression of adhesion molecule cd18
(Ifa-1beta) on the leukocytes of peripheral blood in patients with acute ischemic stroke. Acta
Neurol Scand. 1998; 97:221-224. [PubMed: 9576635]

Siegler JE, Martin-Schild S. Early neurological deterioration (END) after stroke: The END
depends on the definition. Int J Stroke. 2011; 6:211-212. [PubMed: 21557807]

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 14.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kumar et al.

Patient demographics

Table 1

Variable

ND patient demographics (N = 96)

Median age, y (IQR)
Male, n (%)
White, n (%)
African American, n (%)
Admission NIHSS, median (IQR)
Discharge NIHSS, median (IQR)
Length of stay, median (IQR)
mRS score at discharge, median (IQR)
Favorable discharge disposition, n (%)
Mortality, n (%)
tPA given, n (%)
TOAST, n (%)
Cardioembolic
Large vessel occlusion
Small vessel occlusion
Cryptogenic, >1 cause
Cryptogenic, unknown cause

Other

69.5 (61-79)
60/96 (62.5)
30/96 (31.3)
63/96 (65.6)
10 (4-17)
9 (4-19)
8.5 (5-16)
4 (3-5)
58/85 (68.2)
19/96 (20)
31/96 (32.3)

21/77 (27.3)
22177 (28.6)
16/77 (20.8)
10/77 (13.0)
2177 (2.6)
6/77 (7.8)

Page 8

Abbreviations: IQR, interquartile range; mRS, modified Rankin Scale; ND, neurologic deterioration; NIHSS, National Institutes of Health Stroke

Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment; tPA, tissue plasminogen activator.
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Table 5

Correlation between cell type and National Institutes of Health Stroke Scale score during neurologic
deterioration

Cell type NIHSS during ND

Total leukocytes
ND-2(n=31) [=0367;P=.042"
ND-1(n=59) r=0.078; P=.555

ND-0(n=61) =0324: p= 0117

Neutrophils
ND-2 (n=31) r=0.328; P=.071
ND-1(n=59) r=0.093; P=.485

ND-0(n=61) r=0204; p=.021"
Lymphocytes
ND-2 (n = 31)
ND-1(n=59) r=-0.010; A=.939
ND-0 (n=61) r=-0.003; P=.981

r=0.199; P=.283

Abbreviations: ND, neurologic deterioration; ND-2, 2 days before ND; ND-1, 1 day before ND; ND-0, day of ND; NIHSS, National Institutes of
Health Stroke Scale.
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*
P<.05.
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