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Intracerebral hemorrhage (ICH) remains a devastating condition with no convincing 

treatment of proven benefit. Just this past year, two new large clinical trials failed to confirm 

a benefit of intensive blood-pressure lowering and intraventricular t-PA (1, 2). This adds to 

the unfortunate growing list of interventions that have tested stroke-specific targets such as 

early supratentorial hematoma evacuation and hemostatic therapy to reduce hematoma 

expansion. This was supposed to work; and it has for acute ischemic stroke and aneurysmal 

subarachnoid hemorrhage. Endovascular embolectomy in patients with reversible focal 

cerebral ischemia and aneurysm clipping and coiling have fundamentally changed the 

trajectory and natural history of those stroke subtypes. Interestingly, for ICH, we still 

believe, and with pretty good reason, that “good care” matters. In fact, limiting care early 

through a nihilistic approach does lead to worse outcomes. It all makes me wonder if we 

have been looking in the wrong place. We have been treating ICH like a stroke, when in fact 

it is a critical illness.

One of the lessons of modern critical care has been that the avoidance of complications and 

iatrogeny is a treatment itself. The use of low-tidal volume ventilation to limit lung injury in 

acute respiratory distress patients, glucose control with avoidance of hypoglycemia, and 

sedation “holidays” to decrease delirium are routinely employed treatments in modern 

intensive care units. A recent trial of the ABCDEF critical care bundle showed improved 

outcome (3). Interestingly, none of the letters in ABCDEF stand for targeted treatments 

focusing on the underlying specific primary disease. They relate to an approach designed to 

limit delirium, mobilize and wean patients from mechanical ventilation, and engage their 

families in order to avoid the complications of critical illness broadly defined. So what does 

this have to do with ICH? One possibility lies in the prevention of infectious complications. 

It is in this context that the manuscript by Morotti provides a new twist into identifying 

targets for intervention in improving the outcome of ICH patients (4).

Utilizing a highly characterized cohort of over 2000 ICH patients over 20 years, they tested 

the hypothesis that diminished white blood cell counts on hospital admission were 

associated with the occurrence of infectious complications. They found that lymphopenia 

(defined as an absolute lymphocyte count < 1000/μl) occurred in 27% of the entire cohort 

and was more common in patients who developed infection, whereas leukopenia, 
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neurotropenia, and monocytopenia were not. The association of admission lymphopenia and 

infectious complications was driven entirely by a higher occurrence of pneumonia in these 

patients, as urinary tract infections, sepsis, and other infections were not more common. 

Admission lymphopenia was more common in patients with larger hematomas, older age, 

presence of intraventricular hemorrhage, infratentorial hematoma location, and lower 

Glasgow Coma Scale score on admission, all of which are factors known to impact ICH 

outcome. Because this raised the issue of whether lymphopenia was merely a marker for 

more severe ICH, the authors adjusted for these factors when assessing the influence of 

lymphopenia on outcome as indicated by 90-day mortality. In this analysis, lymphopenia 

was associated with higher mortality. A weakness of the analysis was the lack of adjustment 

for intubation, which is an obvious risk factor for pneumonia and was more common in 

patients with admission lymphopenia. However, intubation was not more common in 

patients with infectious complications in univariate analysis.

These findings add to an emerging ICH literature regarding both alterations in the body’s 

inflammatory response, presumably acutely acquired, and the frequency and impact on 

outcome of infections. The assumption is that the two are linked, if not causal. In the Ethnic/

Racial Variations of Intracerebral Hemorrhage (ERICH) study, infections occurred in 31% 

of 800 patients (5). Infected patients had double the mortality of those without infection 

(16% versus 8%) and a lower likelihood of favorable outcome (score of 2 or better on the 

modified Rankin Scale [mRS]). In another cohort study, 42% of ICH patients developed 

infection during hospitalization, with intraventricular hemorrhage, hematoma volume greater 

than 30 cc, and higher ICH Scores associated with increased infection risk (6). The systemic 

inflammatory response syndrome (SIRS) occurred in 21% of another group of 249 ICH 

patients and was predictive of worsened functional outcome (mRS > 3) and poor discharge 

disposition (7). Another large study of over 500,000 ICH patients from the National 

Inpatient Sample found that 23% of ICH patients developed nosocomial infections, with the 

rate actually rising from 18.7% in 2002–2003 to 24.1% in 2010–2011 (8). Not surprisingly, 

patients with infection had higher risk of death and lower likelihood of discharge home. 

Finally, in a study of 24,540 ICH patients in California, hospital readmission within 30 days 

occurred in 14.5%, with the majority related to infection (9). We have a problem. And while 

we (me too) have been arguing about blood pressure thresholds, whether to give platelets, 

and the interpretation of the results of STICH (10), our patients have been dying of 

infection. We have a target for treatment; it just may not have been the one we thought.

In fairness, we are just starting to understand the issue. While lymphopenia was the “lesion” 

of concern in the study by Morotti, other studies have found different alterations in the 

immune response in either cell lines or cytokines (11). It would also seem likely that 

infection was the ultimate mode of death in a set of patients with particularly severe ICH in 

whom palliative care was appropriately instituted. Just checking blood cultures routinely in 

ICH patients does not seem to be a high yield strategy (12). And unfortunately, at least in 

acute ischemic stroke, the prophylactic use of antibiotics has not been shown beneficial (13).

So what do we do now? First, we need to stop treating ICH like a stroke and start treating it 

like a critical illness. A lesson that we keep learning in neurocritical care is that it is both the 

body and the brain and we have to take care of both. I am not ready to start prescribing 
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empiric antibiotics to all my ICH patients. But I am ready to better emphasize in our 

treatment guidelines and hospital protocols the importance of infection surveillance and 

“good care” to prevent infection from occurring in the first place. Additionally, we need to 

support the value of research into mechanisms of immune impairment and infection 

occurrence in ICH patients as much as we support studies of intervention for the hematoma 

itself. ICH is a treatable disease, but the treatments may come from unexpected places.

References

1. Hanley DF, Lane K, McBee N, Ziai W, Tuhrim S, Lees KR, et al. Thrombolytic removal of 
intraventricular haemorrhage in treatment of severe stroke: results of the randomised, multicentre, 
multiregion, placebo-controlled CLEAR III trial. Lancet. 2017

2. Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin RL, et al. Intensive Blood-
Pressure Lowering in Patients with Acute Cerebral Hemorrhage. N Engl J Med. 2016; 375(11):
1033–43. [PubMed: 27276234] 

3. Barnes-Daly MA, Phillips G, Ely EW. Improving Hospital Survival and Reducing Brain 
Dysfunction at Seven California Community Hospitals: Implementing PAD Guidelines Via the 
ABCDEF Bundle in 6,064 Patients. Crit Care Med. 2017; 45(2):171–8. [PubMed: 27861180] 

4. Morotti A, Marini S, Jessel MJ, Schwab K, Kourkoulis C, Ayres AM, et al. Lymphopenia, Infectious 
Complications, and Outcome in Spontaneous Intracerebral Hemorrhage. Neurocrit Care. 2016

5. Lord AS, Langefeld CD, Sekar P, Moomaw CJ, Badjatia N, Vashkevich A, et al. Infection after 
intracerebral hemorrhage: risk factors and association with outcomes in the ethnic/racial variations 
of intracerebral hemorrhage study. Stroke. 2014; 45(12):3535–42. [PubMed: 25316275] 

6. Vial F, Brunser A, Lavados P, Illanes S. Intraventricular Bleeding and Hematoma Size as Predictors 
of Infection Development in Intracerebral Hemorrhage: A Prospective Cohort Study. J Stroke 
Cerebrovasc Dis. 2016; 25(11):2708–11. [PubMed: 27544865] 

7. Boehme AK, Hays AN, Kicielinski KP, Arora K, Kapoor N, Lyerly MJ, et al. Systemic 
Inflammatory Response Syndrome and Outcomes in Intracerebral Hemorrhage. Neurocrit Care. 
2016; 25(1):133–40. [PubMed: 26920909] 

8. Murthy SB, Moradiya Y, Shah J, Merkler AE, Mangat HS, Iadacola C, et al. Nosocomial Infections 
and Outcomes after Intracerebral Hemorrhage: A Population-Based Study. Neurocrit Care. 2016; 
25(2):178–84. [PubMed: 27350549] 

9. Lord AS, Lewis A, Czeisler B, Ishida K, Torres J, Kamel H, et al. Majority of 30-Day Readmissions 
After Intracerebral Hemorrhage Are Related to Infections. Stroke. 2016; 47(7):1768–71. [PubMed: 
27301933] 

10. Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale GM, Hope DT, et al. Early 
surgery versus initial conservative treatment in patients with spontaneous supratentorial 
intracerebral haematomas in the International Surgical Trial in Intracerebral Haemorrhage 
(STICH): a randomised trial. Lancet. 2005; 365(9457):387–97. [PubMed: 15680453] 

11. Tapia-Perez JH, Karagianis D, Zilke R, Koufuglou V, Bondar I, Schneider T. Assessment of 
systemic cellular inflammatory response after spontaneous intracerebral hemorrhage. Clin Neurol 
Neurosurg. 2016; 150:72–9. [PubMed: 27611984] 

12. Elmer J, Yamane D, Hou PC, Wilcox SR, Bajwa EK, Hess DR, et al. Cost and Utility of 
Microbiological Cultures Early After Intensive Care Unit Admission for Intracerebral 
Hemorrhage. Neurocrit Care. 2017; 26(1):58–63. [PubMed: 27605253] 

13. Kalra L, Irshad S, Hodsoll J, Simpson M, Gulliford M, Smithard D, et al. Prophylactic antibiotics 
after acute stroke for reducing pneumonia in patients with dysphagia (STROKE-INF): a 
prospective, cluster-randomised, open-label, masked endpoint, controlled clinical trial. Lancet. 
2015; 386(10006):1835–44. [PubMed: 26343840] 

Hemphill Page 3

Neurocrit Care. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References

