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Abstract

Background: Patients presenting with acute myeloid leukemia
(AML) at diagnosis are at high risk of severe complications and
death, particularly with high white blood cell (WBC) count. In this
retrospective study, we evaluate interest of early and systematic sup-
port in the intensive care unit (ICU) for AML with hyperleukocytosis
(AML-HL) at diagnosis.

Methods: Patients with AML-HL, defined by WBC > 50 x 10%/L,
primary referred in ICU (“Early ICU”) without organ failure and be-
fore initiating chemotherapy induction were compared to patients first
admitted in the Hematology Department who required a secondary
transfer in ICU (“Late ICU”) or not (“No ICU”). Primary end point
was mortality during the first month, and secondary end points were
the use of life-sustaining therapies in ICU and risk factors for ICU
transfer and mortality.

Results: One hundred fifty-four patients were included: 77 (50%) to
the group “No ICU”, 18 (12%) to “Late ICU” and 59 (38%) to “Early
ICU”. Mortality at day 30 was higher in “Late ICU” than in “Early
ICU” and “No ICU”, with 27.8%; 16.9% and 2.6% respectively (P <
0.001). “Late ICU” patients had an increased use of life-sustaining
therapy comparing to “Early ICU” patients (56% vs. 29%, P = 0.04).

Conclusions: Early referral to ICU reduces morbidity and seems an
effective strategy to reduce short-term mortality in AML-HL at diag-

nosis.
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Introduction

Patients presenting with acute myeloid leukemia (AML) at
diagnosis are at high risk of severe complications and death.
Clinical presentation of AML is variable. It may be led by
hemorrhages induced by disseminated intravascular coagula-
tion (DIC) and thrombocytopenia; or leukostasis, which is re-
sponsible for cerebral or pulmonary impairment. Tumor lysis
syndrome (TLS) is the main cause of renal impairment. TLS
and infections may be present upon diagnosis but are much
favored by induction chemotherapy. Furthermore, specifics
organ toxicities of chemotherapy and prolonged pancytopenia
due to induction therapy strongly burden the prognosis.

Early complications, related to leukemia, are mainly based
on AML subtype and white blood cells (WBC) count, with an
increased risk of mortality in patients with subtype 3; 4 or 5
(French-American-British (FAB) classification) and/or hyper-
leukocytosis (HL) [1, 2] and/or DIC.

Referring patients with AML in intensive care unit (ICU)
for these complications is frequent. Recent evidences show
that ICU admission for these critically ill patients is benefit
in terms of mortality [3]. Despite an increased risk of infec-
tion, mainly due to mechanical ventilation, non-invasive thera-
peutic strategies used in ICU contributed to improved overall
survival [4, 5]. Patients who survive complications and ICU
recover with complete remission rate and global survival rate
of their cytogenetic subgroup.

However, prognosis of patients with AML in ICU remains
poor with 41-61% of in-ICU mortality reviewed in the past
decade [6-11]. Strategies have risen to improve outcome, es-
pecially concerning the timing of admission. ICU transfer is
associated with increased mortality but early admissions seem
beneficial comparing with late admissions [12]. Late admis-
sion is associated with non-invasive ventilation failure and
similarly, in patients requiring mechanical ventilation, a late
intubation is associated with a higher mortality [13, 14].

In this retrospective study, we evaluate interest of early sup-
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port in ICU in terms of morbidity (use of life-sustaining therapy
(LST)) and mortality in AML with HL. The secondary purpose
was to highlight the risk factors of secondary transfer in ICU.

Materials and Methods

The study was approved by the Institutional Review Board
(CNIL registration number: DR-2015-529). The design of the
study complies with the GDPR and the framework set by arti-
cle 65-2 of the French Data Protection Act 2018 as amended.

We retrospectively reviewed all AML with HL, defined by
WBC > 50 x 10%/L, diagnosed in Bordeaux Hospital between
2008 and 2016. Patients were included in the current study if
they were >18 years of age, treated by intensive chemotherapy
for at least 1 day and had received no previous treatment for
AML except for hydroxycarbamide. Patients admitted in [CU
for an organ failure (except hematological failure) prior to the
first day of chemotherapy were excluded. Written informed
consent was obtained in accordance with the Declaration of
Helsinki, allowing for the collection of clinical data in the an-
onymized database.

Until 2012, patients with AML-HL at diagnosis were re-
ferred in the Hematology Department to initiate chemotherapy
induction. This group of patients has been allocated into two
subgroups, depending on necessity of a secondary transfer in
ICU for complication during induction (“Late ICU”) or not
(“No ICU”). Decision to transfer a patient to ICU was always
made by both hematologists and intensivists. Patients were
transferred back to the Hematology Department when medical
condition allowed it. In 2012, there was a change in medical
strategy in our department, and it has been decided that patients
with AML-HL would be primary referred in ICU for the di-
agnostic workup and to initiate induction chemotherapy. They
were transferred later in Hematology Department for the fol-
lowing support. This group of patients is designated as “Early
ICU”. Patients could be transferred back in ICU in case of need.
In each group, patients could carry on chemotherapy in ICU.
Management of patients in ICU was always made with daily
close collaboration between hematologists and intensivists.

Date of diagnosis was considered as the date of bone mar-
row aspiration. Biological values were those of the day of diag-
nosis. Biological DIC was defined as an increased of plasmatic
D-dimer with a prothrombin time below 50% or platelets be-
low 50 x 10%/L. Clinical parameters (leukostasis, performance
status (PS), clinical DIC) were also collected the day of diag-
nosis. The use of cytoreductive therapy was at the discretion
of clinicians in the Hematology Department. All patients in the
group “Early ICU” had cytoreductive therapy by dexametha-
sone and hydroxyurea (HU) upon admission. Response criteria
were defined according to the current international recommen-
dations. Induction chemotherapy consisted for all patients in a
classic “3 + 7” regimen containing standard dose of cytarabine
and anthracycline. Some of them had an addition of lomustine,
according to the current clinical trials. Response criteria were
defined according to international recommendations [15].

The primary purpose of this study was to evaluate the
interest of early admission in ICU in terms of mortality and
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morbidity during induction phase. Mortality was assessed on
the seventh and the 30th day after the onset of induction in
the three groups. Morbidity was assessed between the groups
“Early ICU” and “Late ICU” during the first month of treat-
ment by the length of stay and the use of LST. LSTs were de-
fined by use of vasopressors agents; renal replacement therapy
(RRT) or invasive and non-invasive mechanical ventilation (i-
MYV and NIV). The number of ventilation-free days (VFD) was
calculated for each patient who has stayed in ICU and defined
as one point each day that patients are both alive and free from
i-MV. The secondary purpose was to assess risk factors of ICU
transfer and mortality.

Statistical analysis

We described the patients’ characteristics at diagnosis using
numbers and frequencies for qualitative data, and the median,
interquartile range (IQR), and range (minimum - maximum)
for quantitative data. For survival analyses, Kaplan-Meier sur-
vival curves were drawn

Results

Patients’ characteristics

Between January 2008 and December 2016, 203 patients were
admitted in our center for AML-HL and received at least 1 day
of chemotherapy induction. Thirteen were excluded for being
admitted in ICU before chemotherapy for an organ failure and
36 were excluded for being dead before initiating chemother-
apy or for being ineligible for intensive chemotherapy. Data
from the remaining 154 patients (83 men and 71 women) were
analyzed. Fifty-nine patients have been referred in ICU before
initiating the treatment and 95 have been referred in the He-
matology Department. Among these 95 patients, 18 needed to
be transferred in ICU during induction phase and 77 had never
been in ICU (Fig. 1).

The median age was 60 years (range: 17 - 79; IQR: 46 -
69). Eighty-four (54%) had an AML subtype 4 or 5 according
to FAB classification. The median PS was 1 and median Charl-
son comorbidity index was 0. The median initial WBC was 92
x 10%/L (range: 50 - 457; IQR: 66 - 149). Twenty-six patients
(16.9%) had pulmonary or cerebral leukostasis and the rate of
biological and clinical DIC was 18.8% and 3.2% respectively.
Characteristics are shown in Table 1.

There was no difference between the three groups in terms
of age, PS or comorbidity (assessed by modified Charlson co-
morbidity index). There was a significant difference between
the three groups in terms of WBC with 74 x 10%L (IQR: 61
- 104) in the “No ICU” patients, 68 x 10%/L (IQR: 56 - 155)
in the “Late ICU” patients and 140 x 10%L (IQR: 91 - 197) in
the “Early ICU” patients (P < 0.001). There also was a signifi-
cant difference in the rate of leukostasis (6%, 33% and 25%,
respectively, P < 0.001) and biological DIC (12%, 39% and
22%, respectively, P = 0.025). The rate of complete remission
was 78% for “No ICU” patients, 61% for “Late ICU” patients
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Figure 1. Flow charts. ICU: intensive care unit.

and 68% for “Early ICU” patients (P = 0.23).

In the “Late ICU” group, median time for ICU admis-
sion was the sixth day after initiating chemotherapy induction
(IQR: 3 - 13).

Mortality

The 30-day mortality rate in the entire cohort was 11% (n=17)
with 2.6% (n = 2) in the “No ICU” patients; 27.8% (n = 5) in
the “Late ICU” patients and 16.9% (n = 10) in the “Early ICU”
patients (P < 0.001) (Fig. 2). The 7-day mortality rate in the
all cohort was 6.5% (n = 10) with 1.3% (n=1); 16.7% (n = 3)
and 10.2% (n = 6) in the three groups, respectively (P =0.008).

Of the 10 deaths occurring in the first 7 days, five resulted
from DIC with intracerebral hemorrhage (ICH), three from
TLS, and two from unknown cause. Of the seven deaths oc-
curring later, four resulted from infection including one from
pneumocystosis, one from DIC with ICH, and two from heart
failure. In the “Early ICU” patients, causes of death were DIC
with ICH (n = 4), septic shock (n = 3), heart failure (n = 2) and
TLS (n=1).

Morbidity

Concerning severity of the ICU stay, the “Late ICU” patients
had an increased use of LST comparing to “Early ICU” pa-
tients (56% vs. 29%, P = 0.04). They had a higher need of EER
(11% vs. 5%, P = 0.33), amines (33 vs. 12%, P = 0.07) and
i-MV (44% vs. 19%, P = 0.06). Also, VFD was lower in the
“Late ICU” group with 90 cumulative days for 157 cumula-
tive days of stay in ICU versus 246 cumulative days for 260
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cumulative days in ICU in the group “Early ICU” (P < 0.001)

The median length of stay in ICU was not significantly
different with 3 days (IQR: 2 - 7) in “Late ICU” patients and 4
days (IQR: 2 - 6) in “Early ICU” patients (P = 0.81).

In the group “Early ICU”, the rate of secondary transfer in
ICU was 11.9% (n=7). In the 95 patients in the “Hematology”
group, the rate of ICU transfer was 20% (n = 19, one “Late
ICU” patient was transferred twice) (P = 0.38).

Concerning infections, possible and probable invasive
fungal diseases were seen respectively in three and four cases
in “No ICU” patients, one and two cases in “Late ICU” pa-
tients and zero and three cases in “Early ICU” patients. All
cases were awarded to Aspergillus sp. but one to Candida sp.
The three patients in “Late ICU” group with fungal disease
were diagnosed after their return to the Hematology Depart-
ment. Septic shock occurred in six patients (33.3%) in “Late
ICU”, and seven (11.9%) in “Early ICU”.

Risk factors of ICU transfer and mortality

In the 157 patients, characteristics significantly associated
with mortality in univariate analysis were PS > 2 (P = 0.034);
clinical DIC (P = 0.015) and AML subtype 4 or 5 (P = 0.036).
In multivariate analysis, AML subtype was the only independ-
ent risk factor of mortality (P = 0.041).

In the 96 patients of “Hematology” group, risk factors of
ICU transfer in univariate analysis were modified Charlson
score > 1 (P=0.008); C-reactive protein (CRP) > 54 mg/L (P =
0.05); leukostasis (P < 0.001) and biological DIC (P = 0.003).
In multivariate analysis, leukostasis and biological DIC stayed
independent prognostic factors of ICU transfer during induc-
tion (P =0.003 and P = 0.029, respectively).
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Table 1. Characteristics and Outcomes

Entire cohort

No ICU

Late ICU

Early ICU

m=154,% or IQR) (n=77,% or IQR) (n=18, % or IQR) (n=159, % or IQR) P

Median age 60 (46 - 69) 60 (47 - 70) 59 (53 - 69) 60 (44 - 67) 0.56
PS 1(1-2) 1(1-2) 1(1-2) 1(1-2) 0.58
Median Charlson comorbidity score 0 (0 - 1) 0(0-1) 0(0-2) 0(0-1) 0.87
FAB classification

MO 6 (4%) 2 (3%) 3 (17%) 1 (2%)

Ml 27 (18%) 13 (17%) 1 (6%) 13 (22%)

M2 21 (14%) 16 (21%) 0 (0%) 5(9%)

M3 2 (1%) 0 (0%) 1 (6%) 1 (2%)

M4 45 (29%) 23 (30%) 6 (33%) 16 (27%)

M5 39 (25%) 14 (18%) 4 (22%) 21 (36%)

Unknown 14 (9%) 9 (12%) 3 (17%) 2 (3%)
FAB 4/5 84 (54%) 37 (48%) 10 (56%) 37 (63%) 0.23
CRP (mg/L) 54 (21 - 121) 39 (13 - 121) 74 (41 - 98) 56 (29 - 130) 0.23
Median leukocyte at diagnosis 92 (66 - 149) 74 (61 - 104) 68 (56 - 155) 140 (91 - 197) <0.001
Leukocyte at day 1 74 (51 - 128) 60 (39 - 84) 65 (49 - 148) 118 (70 - 197) <0.001
Leukostasis 26 (17%) 5 (6%) 6 (33%) 15 (25%) 0.001
Biological DIC 29 (19%) 9 (12%) 7 (39%) 13 (22%) 0.025
Clinical DIC 5 (3%) 2 (3%) 1 (5%) 2 (3%) 0.67
Dexamethasone 60 (39%) 1 (1.3%) 0 (0%) 59 (100%) <0.001
Hydroxyurea 99 (64 %) 36 (47%) 4 (22%) 59 (100%) <0.001
i-MV 8 (44.4%) 11 (18.6%)
Renal replacement therapy 2 (11.1%) 3 (5.1%)
Amines 6 (33.3%) 7 (11.9%)
NIV 3 (17.7%) 9 (15.3%)
LST 10 (56%) 17 (29%)
30-day mortality 17 (11%) 2 (2.6%) 5(27.8%) 10 (16.9%) <0.001
7-day mortality 10 (6.5%) 1(1.3%) 3 (16.7%) 6 (10.2%) 0.008
Complete remission 111 (72%) 60 (78%) 11 (61%) 40 (68%) 0.23

IQR: interquartile range; PS: performance status; FAB: French-American-British; ICU: intensive care unit; CRP: C-reactive protein; DIC: dissemi-
nated intravascular coagulation; i-MV: invasive mechanical ventilation; NIV: non-invasive mechanical ventilation; LST: life-sustaining therapy.
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Figure 2. Kaplan-Meyer estimates of overall survival in groups “Early ICU” and “Late ICU”. ICU: intensive care unit.
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Discussion

Close collaboration between intensivists and hematologists is
essential in management of patients with AML during induc-
tion therapy. It is obvious that the intensivists taking care of
patients with AML must be in the habits of managing chem-
otherapy and specific complications of both leukemia and
chemotherapy. Strategy of early admission in ICU has been
retrospectively studied for high-risk AML and seems benefi-
cial comparing with late admission [3].

Our study suggests a benefit in term of mortality with
this early-ICU strategy but we did not succeed in highlight-
ing it significantly. The number of patients is probably in-
sufficient and responsible for the lack of power. One of the
main reasons of the insignificant results may be the differ-
ences in the groups in WBC count and leukostasis, which
were significantly higher in the group “Early ICU”. This
study was aimed to compare two strategies of care in pa-
tients with AML-HL at diagnosis, each used at a different
time in our center. Indeed, most patients before 2012 were
primary admitted in the Hematology Department for chemo-
therapy induction but the admission in Hematology or ICU
was a clinician decision. Clinicians could be influenced by
factors of severity such WBC > 100 x 10%/L or clinical leu-
kostasis. In the current study, four patients were primary
admitted in ICU before 2012. They all had WBC count >
100 x 10%/L and one of them presented with pulmonary leu-
kostasis. Conversely, clinicians could be reassured by WBC
< 100 x 10%L, the lack of leukostasis or DIC and decided
to treat patient in the Hematology Department. Indeed, of
the 95 patients in the group “Hematology”, 50 of them had
diagnosis after 2012. Only seven of them had WBC > 100
x 10%/L, four of them had clinical leukostasis and only one
died within the 30th day. This practice at the discretion of
the clinicians may explain here the differences in the charac-
teristics of the groups.

According to what we expected, most deaths occurred
precociously (in the first 7 days), and were directly linked to
leukemia. The median time for ICU admission in the “Late
ICU” group was 6 days, which means that severe complica-
tions during induction are more often related to leukemia than
to chemotherapy or aplasia in patient with AML and WBC
> 50 x 10%L. These results suggest a clear benefit for these
high-risk patients to be in ICU during induction therapy.

In regard to morbidity, “Late ICU” patients had more
complications during ICU stay comparing with “Early ICU”
patients. We observed a significant increased use of i-MV and
lower number of VFD, despite no difference in median length
of stay. The use of NIV may explain this difference by an ear-
lier care of any respiratory distress. Conversely, patients in the
Hematology Department may spend a few days with a growing
need for oxygen before being transferred in ICU with a more
advanced respiratory failure. In literature, the early use of NIV
has showed to improve survival in immune-compromised pa-
tients with acute respiratory failure [16].

About cytoreductive therapy, there is no standardized pro-
cedure in our center. The use of HU or dexamethasone was
at the discretion of clinicians in the Hematology Department
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and was systematic at ICU admission, resulting in statistical
difference between the three groups. However, WBC count at
diagnosis was 74 x 10%L in “No ICU” group, 68 x 10%L in
“Late ICU” and 140 x 10%L in “Early ICU” while, at day 1
of chemotherapy induction, it had decreased to 59 x 10%/L,
65 x 10°/L and 118 x 10%/L. This might reflect the benefit of
the cytoreductive strategy in some patients. Despite cytoreduc-
tive strategy with HU is recommended in AML-HL by recent
international guidelines, it is obvious that it must never delay
intensive chemotherapy when patients are eligible [15, 17].
Otherwise, data about cytoreductive therapy by HU or leuka-
pheresis remain controversial [18], and a recent study failed
to find any correlation between HU sensitivity and short- or
long-term outcome in AML-HL [19].

One hundred percent of patients in the group “Early ICU”
received dexamethasone before initiating chemotherapy and
during the first days of chemotherapy induction. These patients
had a higher WBC count, which results in a severe inflammato-
ry status and frequent leukostasis syndrome. Myeloblasts have
indeed the ability to secrete adhesion receptors and cytokines,
leading to tissue infiltration and leukostasis [20]. Because of
its inhibitor effect on cytokines production, dexamethasone is
widely used in ICU in most critically ill AML patients. In re-
cent literature, adding dexamethasone to conventional chemo-
therapy showed a significant impact on relapse incidence and
overall survival, but no benefit on early mortality [21]. A ret-
rospective study suggests a benefit of adding dexamethasone,
in term of MV requirement and ICU mortality in monoblastic
AML with specific lung injury [22].

Conclusions

Early referral to ICU seems an effective strategy to reduce
early mortality for AML-HL at diagnosis, but it has to be con-
firmed in a larger cohort. We demonstrate here that late admis-
sion in ICU is associated with drastically increase and longer
use of life-sustaining therapy.
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