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Abstract

Intracranial hemorrhage (ICH) is associated with great morbidity and mortality in patients with 

acute leukemia. We identified 118 patients with ICH from a total of 2,421 patient with leukemia 

who were treated at our institution between 2005–2009, and assessed the prognostic factors for 

mortality in the ICH cohort. Median age at time of ICH was 58 years, 49% were male, and 60% 

had acute myeloid leukemia. The relative incidence of ICH was highest in patients with chronic 

myeloid leukemia in blast crisis (12.1%). Mental status changes were the most common symptom 

which prompted work-up for ICH. Median survival for all patients after onset of ICH was 20 days. 

In multivariate analyses, four clinical characteristics were identified as independent adverse 

factors for mortality in patients with ICH: albumin <3.5 g/dL, lactate dehydrogenase (LDH) >835 

U/L, age > 60 years, and relapsed disease status. Based on the number of risk factors, mortality 

after ICH was: 25% (0 risk factor), 47% (1), 78% (2), and >97% (3 or 4). In conclusion, patients 

with leukemia who develop ICH do not have universally poor outcomes, and a simple scoring 

system could serve to advise physicians and families of the prognosis and the potential benefit of 

aggressive treatment options.

Introduction

Intracranial hemorrhage (ICH) has been identified as a major cause of morbidity and 

mortality in patients with acute leukemia [1–4]. Whereas very early studies had to rely on 

autopsies to establish a diagnosis of ICH [3], newer imaging modalities such as computed 
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tomography (CT) have made it possible to diagnose ICH more quickly and of smaller sizes. 

Several studies so far have tried to describe the clinical characteristics of patients with ICH 

[2–4], but predictors of mortality in patients with leukemia who develop ICH are not 

available. It is generally believed that once ICH occurs, prognosis is dismal [2–4]. Better 

characterization and description of prognosis after ICH would help to risk stratify patients 

with ICH and possibly guide aggressiveness of therapy once ICH is diagnosed.

Thus, the goal of our study was to evaluate the clinical characteristics and outcomes in a 

large cohort of contemporary patients who developed ICH at MD Anderson Cancer Center 

(MDACC) and define a risk model that would predict the likelihood of death after ICH 

occurs.

Patients and Methods

Patient selection

The Institutional Review Board at MDACC approved this retrospective analysis. All adults 

with a diagnosis of acute myeloid leukemia (AML; n = 1,265), acute lymphoblastic 

leukemia (ALL; n = 304), myelodysplastic syndrome (MDS; n = 728), or blast-crisis chronic 

myelogenous leukemia (BC-CML; n = 124) referred from 2005–2009 to MDACC (n = 

2,421) were retrospectively reviewed. All patients with at least one documented scan of the 

brain [either by CT or magnetic resonance imaging (MRI)] showing hemorrhage were 

included. If several images at different time points were obtained, the date of the first scan 

demonstrating ICH was used for analysis. Chart review was performed by three 

investigators (FD, SSM, and KN). A total of n = 118 patients met the inclusion criteria. 

Clinical, pathological, and laboratory information were retrieved from a database maintained 

by the Department of Leukemia at MDACC. Morphology was based on the French–

American–British system [5].

Statistical analysis

Survival was calculated from the time of first diagnosis of ICH (by either CT or MRI brain) 

until death from any cause. Survival probabilities were estimated by the Kaplan-Meier 

method, and compared by the log-rank test. Differences among variables were evaluated by 

the chi-square test and Mann Whitney U test for categorical and continuous variables, 

respectively. Univariate and multivariate analyses were performed to identify potential 

prognostic factors associated with mortality after ICH (defining death from any cause as an 

event). Factors retaining significance in the multivariate model were interpreted as being 

independently predictive of mortality. Multivariate analysis of mortality used logistic 

regression model.

RESULTS

Clinical characteristics

Among 2,421 patients with acute leukemias and MDS referred to MDACC from 2005–

2009, a total of 118 patients (4.9%) developed ICH, as diagnosed by either CT or MRI of 

the brain (AML, n = 71/1265, 5.7%; ALL, n = 19/304, 6.3%; MDS, n = 13/728, 1.6%; 
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CML-BC, n = 15/124, 12.1%). The clinical and laboratory characteristics at the time of the 

bleed are shown in Table I. The localization of the bleed was intraparenchymal (IPH) in 

58%, subdural (SDH) in 30%, subarachnoid (SAH) in 12%, and epidural (EDH) in 2.5%. 

Three patients had two different types of bleed. Median time from presentation to MDACC 

to ICH was 210 days (range 0–1953). Only 22 of 118 patients (18.6%) diagnosed with ICH 

bled within 30 days of diagnosis of leukemia. Among all bleeders, three patients carried a 

diagnosis of acute promyelocytic leukemia (APL), and two of them bled within 2 days of 

diagnosis. Table II describes the clinical indications leading to head imaging and diagnosis 

of ICH. As shown in Table II, the majority of the patients were symptomatic at the time of 

the hemorrhage, which subsequently promted the treating physicians to obtain head imaging. 

The majority of the patients were thrombocytopenic at the time of ICH diagnosis (median 

platelet count 19,000/μL; range: 0–318,000/μL). In general, patients with diagnosed ICH 

were transferred to the intensive care unit with neurosurgical consultation. The transfusion 

parameters for patients with ICH at our institution are platelet count goal of >80,000/μL, and 

International Normalized Ratio (INR) <1.5. The majority of the patients were not candidates 

for surgical interventions due to various factors such as depressed mental status, inability to 

achieve adequate platelet counts with transfusion, prolonged time from ICH to diagnosis, 

and location of the hemorrhage.

Overall survival and mortality after ICH onset

Median overall survival (OS) from the onset of ICH for all 118 patients was 20 days, and the 

time of last analysis (January 2011), 90 of 118 had died (Fig. 1). For the entire cohort, the 7-

day and 30-day mortality were 35% (41 of 118) and 54% (64 of 118). The mortality rates 

based on the anatomic site of ICH (EDH vs. SDH vs. SAH vs. IPH vs. two or more sites) 

varied from 58 to 100% (Table III), but were not statistically significant, likely due to the 

small number of events at certain sites (e.g. epidural). Likewise, there was no statistical 

difference in the mortality rates based on the leukemia subtype (for ALL, AML, BC-CML 

and MDS the rates were 63, 78, 93, and 69%, respectively; P = 0.19). Less than 10% of the 

patients underwent a surgical intervention for ICH. The median time from diagnosis of ICH 

to surgical intervention was 0 days (range, 0–11 days). The mortality among patients who 

underwent surgery (11 of 12) vs. those who did not undergo surgery (79 of 106) was not 

statistically different (P = 0.29).

Prognostic model for mortality after ICH

Since the anatomic sites of ICH and leukemia subtype were not prognostic for mortality 

after ICH, we next analyzed a range of patient and disease characteristics at the time of the 

diagnosis of ICH (+/− 1 day) for association with mortality (Table III). In univariate 

analysis, several factors (albumin, LDH, age, INR, peripheral blast count, and relapsed 

disease/multiple lines of therapy) were found to be associated with death after ICH as shown 

in Table III. In multivariate analysis using a logistic regression model, INR and blast count 

were not confirmed as independent significant predictors of mortality in ICH. Thus, 

following four independent variables were used for our prediction model: albumin <3.5 g/dL 

(P = 0.004), LDH ≥ 835 U/L (P = 0.017), age ≥60 years, and relapsed disease/status post 

multiple lines of therapy (vs. no prior therapy, ICH during induction therapy, or complete 

remission after induction therapy; P = 0.007). The risk ratios for mortality for each of these 
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independent predictors are shown in Table IV. Using these four risk factors, mortality rates 

for patients with zero, one, two, three, and four of the above risk factors were 3 of 12 (25%), 

9 of 19 (47%), 28 of 36 (78%), 37 of 38 (97%), and 12 of 12 (100%) (P < 0.001), 

respectively. Based on these findings, four risk levels predicting mortality in ICH were 

obtained: low (0 risk factor), intermediate-1 (one risk factor), intermediate-2 (two risk 

factors), and high (greater than two risk factors). The corresponding mortality rates ranged 

from 25 to 98% (Table V). The survival curves for the patients with ICH according to their 

risk group are shown in Fig. 2.

Discussion

To our knowledge, we report here the largest cohort of contemporary patients with leukemia 

who develop ICH. The incidence of ICH at our institution, as diagnosed by CT or MRI, was 

5%. This is in concordance with previously published series [2–4,6,7], indicating that the 

occurrence of ICH in patients with leukemia has remained relatively constant over the past 

four decades. Although most previous studies highlight APL as the premier cause of ICH, in 

our cohort of over 2,400 patients only three patients with APL-developed ICH, likely due to 

heightened awareness for bleeding complications in these patients resulting in aggressive 

transfusion and early treatment with differentiating agents (all-trans retinoic acid and/or 

arsenic trioxide). We also presented the incidence of ICH by leukemia subtype, and found 

the highest incidence of ICH in patients in BC-CML, implicating a low threshold for head 

imaging in these patients. In patients with lymphoid BC-CML, the occurrence of bleeding 

has been linked to vincristine/prednisone induced dysregulation in fibrinogen levels and 

other coagulation factors [8]. Although other series have reported the onset of the majority 

of ICH cases during the first 30 days of diagnosis [2,4], in our cohort only 18.5% of cases 

occurred within 30 days of presentation, likely reflecting the patient pool of a large cancer 

center, where early death at diagnosis of leukemia precludes a referral to the tertiary center. 

Previously published reports identified low fibrinogen levels as a risk factor for ICH [2,4,9–

12]. Many of these studies included patients with APL. However, in our series, only three 

patients with ICH carried a diagnosis of APL, and fibrinogen levels did not predict for 

mortality, as confirmed by a previous analysis [4]. Thrombocytopenia and elevated INR 

levels have been significantly associated with the incidence of ICH in published reports 

[2,4]. In our series, the majority of patients who developed ICH were thrombocytopenic 

(medial platelet count 19,000/μL), thus while a low platelet count predicts for increase ICH 

risk, in our model it did not predict mortality after ICH. An elevated INR was confirmed in 

univariate analysis to be associated with mortality (P = 0.01), but in multivariate this 

association was no longer significant, again emphasizing that previously recognized risk 

factors for ICH are different from factors that actually predict mortality after ICH.

Based on four clinico-laboratory parameters, we identified a risk model for mortality in 

patients with ICH, which distinguishes four subgroups with significantly different mortality 

rates, ranging from 25 to 100%. A serum albumin level below normal has been linked to 

mortality in leukemias before [13–15] and in our series was associated with a five-fold 

higher risk of death in patients with ICH (P = 0.004). Likewise, elevated serum LDH levels, 

previously found to be prognostic in acute leukemias is previous series [16–18], portended a 

fourfold higher risk for death (P = 0.017). We also found that age > 60 years, one of the 
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poor prognostic factors for AML [19], was associated with an almost fourfold higher risk of 

death (P = 0.019). Finally, we established a 4.8-fold higher risk of death in patients with 

relapsed leukemia or those who were treated with more than one previous therapies when 

compared with patients with no prior chemotherapy, undergoing first induction therapy, or 

patients in complete remission after induction (P = 0.007).

Ideally, it would be desirable to develop a model that could accurately predict for the 

incidence of ICH in patients with leukemia. Such a model would likely help in prevention 

and or early intervention for ICH and possibly improve outcomes. Unfortunately, such a 

model is almost impossible to create since, as shown above, the patients with leukemia do 

not develop ICH at defined time points during the course of diagnosis and treatment. 

Therefore, it is very difficult to determine the temporal relationship between laboratory 

characteristics and bleed onset as these would have to be compared with patients who did 

not bleed, and it is not clear what time point to choose for the control cohort. Our analysis 

examined the mortality after ICH onset, thus identifying for both groups (dead vs. alive) a 

clearly defined time point: the onset of the ICH.

There are limitations to our study, mainly based on the retrospective nature of this work. For 

example, it would be helpful to determine the Glasgow Coma Scale [20] at the time of ICH 

onset to correlate the neurological status with survival, but unfortunately such information is 

not routinely documented in the charts. For our analysis, we had to rely on objective 

parameters which are routinely obtained and recorded. Also, the patients with ICH were not 

all uniformly treated, and the prognosis of the underlying leukemia might have guided the 

aggressiveness of the therapeutic approach to ICH. Nevertheless, in this contemporary 

cohort, the majority of the patients were transferred to the intensive care unit (see results) 

and similar transfusions parameters were applied to most of them. Ultimately, our 

prognostic model will aide in decision making but should be used within the greater context 

of the patients’ condition and overall prognosis.

In summary, our risk model based on the largest database of contemporary patients with 

leukemia, demonstrates that using four routine and simple clinical variables, it is possible to 

distinguish highly varying outcomes in leukemia patients with ICH, a condition that in 

general was believed to be fatal [2,4]. This risk prediction model should help in 

individualizing aggressive treatment (e.g., early surgical intervention) in patients with ICH 

based on their predicted prognosis.
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Figure 1. 
OS for all 118 leukemia patients with ICH.
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Figure 2. 
OS by mortality risk model in leukemia patients with ICH.
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TABLE I

Clinical Characteristics of Patients with Intracranial Hemorrhage (ICH)

Median Range

Age (years) 58 14–81

Male (%) N = 58 (49%)

WBC (x103/uL) 2.2 0–186

Plt (x103/uL) 19 0–318

Hb (g/dL) 9 4.5–14.7

Peripheral Blasts (%) 0 0–92

INR 1.4 0.4–12

PTT (sec) 29 17–66

Fibrinogen (mg/dL) 456 6–897

Creatinine (mg/dL) 0.9 0.3–3.8

Albumin (g/dL) 3 1.4–4.9

LDH (IU/L) 840 49–36082

WBC, White blood cell count; Plt, Platelet Count; Hb, Hemoglobin; INR, International Normalized Ratio; PTT, Partial thromboplastin time; LDH, 
Lactate dehydrogenase
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TABLE II

Presenting Signs and Symptoms which Prompted Brain Imaging

N (%)

Mental status changes 59 49.6

Headache 24 20.2

Localized neurologic deficits 11 9.2

Fall/trauma 10 8.4

Others 14 11.8
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TABLE IV

Patient and Disease Characteristics in Association with Mortality (Multivariate Analysis)

Variable Risk ratio P value Assigned score

Albumin at bleed, g/dL < 3.5 5.05 0.004 1

Bleed onset: Relapsed/multiple Rx Yes (vs. othersa) 4.8 0.007 1

LDH at bleed, U/L > 835 (median) 3.96 0.017 1

Age at bleed, years > 60 3.93 0.019 1

a
Others: In complete remission after induction chemotherapy, no chemotherapy yet, bleeding during induction therapy. Rx: Therapy.
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TABLE V

Estimated Outcomes Within Each Proposed Risk Category

Category No. of patients Median survival (weeks) 18-month survival (%) Risk factors

Low 12 Not reached 75 0

Intermediate-1 19 25 53 1

Intermediate-2 36 2 22 2

High 50 1 2 3, 4
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