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Abstract
Treatment‐related complications contribute substantially to morbidity and mortality in acute myeloid leukemia (AML) 
patients undergoing induction chemotherapy. Although AML patients are susceptible to fluid overload (FO) (e.g., in the con-
text of chemotherapy protocols, during sepsis treatment or to prevent tumor lysis syndrome), little attention has been paid to 
its role in AML patients undergoing induction chemotherapy. AML patients receiving induction chemotherapy between 2014 
and 2019 were included in this study. FO was defined as ≥5% weight gain on day 7 of induction chemotherapy compared to 
baseline weight determined on the day of admission. We found FO in 23 (12%) of 187 AML patients undergoing induction 
chemotherapy. Application of >100 ml crystalloid fluids/kg body weight until day 7 of induction chemotherapy was identified 
as an independent risk factor for FO. AML patients with FO suffered from a significantly increased 90-day mortality rate and 
FO was demonstrated as an independent risk factor for 90-day mortality. Our data suggests an individualized, weight-adjusted 
calculation of crystalloid fluids in order to prevent FO-related morbidity and mortality in AML patients during induction 
chemotherapy. Prospective trials are required to determine the adequate fluid management in this patient population.
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Introduction

Acute myeloid leukemia (AML) is a hematological malig-
nancy arising from a clonal proliferation of myeloid pre-
cursors losing their ability to differentiate into mature 

functional blood cells. A curative therapy approach can only 
be achieved by intensive induction chemotherapy. During 
the past 30 years, advances in intensified chemotherapy, 
allogenic stem cell transplantation (SCT), and supportive 
care resulted in increased survival rates (1–4). Nevertheless, 
treatment‐related complications contribute to a substantial 
proportion of morbidity and a mortality rate of 8–15% (5, 6).

In critically ill patients, fluid overload (FO) is associated 
with a higher risk of kidney failure, increased mortality, and 
the risk of irreversible organ damage, especially pulmonary 
dysfunction due to capillary leakage (7–9). Furthermore, in 
critically ill patients, endothelial damage due to inflammatory 
cytokine milieu may exacerbate FO (10, 11). Although AML 
patients are prone to positive fluid balance due to excessive 
fluid input (e.g., in the context of chemotherapy protocols, 
during sepsis treatment or due to blood transfusions), very lit-
tle attention has been paid to its role in AML patients under-
going induction chemotherapy. Chamoun et al. have shown 
that 63 (34%) of 187 patients with acute promyelocytic leu-
kemia (APL) develop FO during induction treatment. FO was 
associated with treatment on intensive care unit (ICU) and 
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endotracheal intubation. Increased LDH and creatinine lev-
els, low albumin, and the total volume of blood product trans-
fusions were identified as risk factors for the development 
of FO during induction therapy (12). Miller et al. focused 
on pediatric AML patients; FO occurred in 30 (28.6%) of 
105 pediatric AML patients during induction chemotherapy. 
FO was more likely in patients aged ≥ 10 years and also in 
patients with infection, hyperleukocytosis, and low hemo-
globin levels at diagnosis (13). Potentially modifiable risk 
factors such as the volume of crystalloid fluids applied during 
induction were not analyzed. In the context of allogenic SCT, 
FO was correlated with a higher non-relapse mortality and 
impaired overall survival (OS) (14, 15).

To our knowledge, there is no study investigating the role 
of FO in patients with AML undergoing induction chemo-
therapy. The objectives of this study are to determine the 
incidence of FO in AML patients, to identify associated risk 
factors, and to evaluate its impact on the clinical course dur-
ing induction chemotherapy.

Materials and methods

Study design and treatment protocols

In this single-center study, we retrospectively included all 
patients aged ≥18 with AML (excluding acute promyelo-
cytic leukemia) who underwent intensive induction chem-
otherapy between 2014 and 2019. There is no standard 
definition for FO in hematological patients (12–14). Since 
AML patients suffer from body weight loss especially dur-
ing initial diagnosis leading to possible underestimation FO 
incidence, we chose a comparably low cutoff at 5%. As the 
aim of this study was to evaluate the possible adverse impact 
of non-individualized administration of crystalloid fluids 
recommended as concomitant medication by current treat-
ment protocols, we chose day 7 of induction chemotherapy 
to screen for FO. Hence, FO was defined as ≥5% weight gain 
on day 7 of induction chemotherapy with respect to a base-
line weight determined on the day of admission. Patient body 
weight was measured on daily basis. All patients received 
echocardiographic assessment before initiation of treat-
ment to exclude congestive heart failure. Data sources for 
determining causes of death and/or reasons for ICU transfer 
include documentation within the electronic patient record 
and the ICU letter written at discharge or death. Standard 
induction chemotherapy was the so-called 7+3 regime; cyta-
rabine 100 mg/m2 administered intravenously (IV) continu-
ously for 7 days is combined with daunorubicin 60 mg/m2 
applied as a 30-min IV infusion on days 3, 4, and 5 (16). As 
recommended by national treatment protocols in general, 
1000ml/day of crystalloid fluids was applied daily on all 
7 days of induction chemotherapy (17). Patients under the 

age of 60 received a second induction therapy with 7+3 if 
early blast clearance was achieved in d15 bone marrow blood 
evaluation or with HAM protocol (cytarabine 3000mg/m2 
was administered by 3-h IV infusion every 12 h on days 1 
through 3 and mitoxantrone 10 mg/m2 by 30-min IV infu-
sion on days 3, 4, and 5) if blast clearance was not achieved 
on d15 bone marrow blood evaluation (18). Patients above 
the age of 60 received only a second induction chemother-
apy with HAM (with reduced cytarabine dose of 1000 mg/
m2), if the first induction therapy cycle was not sufficient to 
achieve bone marrow blast clearance on d15 (19). In case 
of a complete remission (CR) after induction chemotherapy 
with 7+3 alone or with 7+3 and HAM, patients went on 
to receive a consolidation treatment with either high-dose 
cytarabine or an allogenic SCT. Response assessment was 
performed in accordance with the European Leukemia Net 
(ELN) recommendations from 2010 (20). Patients routinely 
received routine antimicrobial prophylaxis with levofloxacin 
and posaconazole daily as recommended by current guide-
lines (21, 22). A day with fever was defined as a body tem-
perature increase above ≥38.3°C once or ≥38.0 °C on two 
consecutive days (23). If fever or a significant increase of 
C-reactive protein (CRP) was found, antibiotic prophylaxis 
was replaced by intravenous broad-spectrum antibiotics. 
Blood testing (hematology, liver and kidney function, coag-
ulation, inflammation markers) was performed every other 
day routinely. Until August of 2015, AML patients undergo-
ing intensive induction chemotherapy received red blood cell 
(RBC) concentrates if Hb levels dropped below 8 g/dl. In 
September 2015, the institutional transfusion guideline was 
changed and AML patients received RBC concentrates if Hb 
levels dropped below 7 g/dl. In case of anemia symptoms, 
earlier RBC transfusion was allowed if deemed clinically 
indicated. Platelet concentrates were given if platelet count 
dropped below 10/nl or earlier if the patient presented with 
hemorrhage (24).

The study was performed in accordance with the 2013 
Helsinki declaration. Patients provided informed written con-
sent to retrospective data extraction from patient charts and 
patient data was provided after approval by the local ethics 
committee. The ethics committee waived the requirement for 
informed consent for deceased patients. In addition, the major-
ity of patients were also enrolled in the AML registry of the 
Study Alliance Leukemia. After ethics approval, patient data 
was retrieved from the clinical cancer registry of the Univer-
sity Cancer Center (UCT) Frankfurt, complemented by data 
directly from the medical records and fully anonymized. Data 
analysis was performed on anonymized data.

Statistical analysis

This study was designed as a retrospective cohort study. 
Patients were followed until death or last contact. Dates 
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of treatment start and finish with induction chemotherapy 
were assessed separately. Continuous variables are shown 
as median ± range and categorical variables are reported as 
frequencies and percentages. All continuous variables were 
tested for normality and were analyzed by using Student’s 
t-test or the Wilcoxon-Mann-Whitney test accordingly. A 
chi-squared test was used for binary variables. Death rates 
were analyzed by the Kaplan-Meier method and curves 
were compared by log-rank test. Predictors of survival 
were determined using a univariate Cox regression hazard 
model. Death was recorded as an event. Risk factors for FO 
were assessed by uni- and multivariate logistic regression 
with variable elimination of non-significant predictors by 
forward selection. Statistical analysis was performed with 
SPSS (Version 27.0, IBM, Armonk, NY).

Results

Baseline characteristics of AML patients 
with and without FO

A total of 187 patients diagnosed with AML between 2014 
and 2019 that underwent intensive induction therapy were 
included in this retrospective analysis. According to our 

definition, 23 (12.3%) AML patients suffered from FO on 
day 7 of induction chemotherapy and 164 (87.7%) AML 
patients did not have FO on day 7 of induction chemother-
apy (Table 1). Median age was 60 years (range 23–73) in 
AML patients with FO and 58 years (range 18–85) in AML 
patients without FO (p=0.321). Ten (43.5%) AML patients 
with FO had female sex compared to 58 (28.1%) AML 
patients without FO (p=0.820). AML patients with FO had 
a significantly lower body weight on the day of admission 
than AML patients without FO (73.1 kg, range 48.9–115.3 
vs. 81.2 kg, range 40–140.7, p=0.015). The percentage 
of patients with abnormalities in left ventricular ejec-
tion fraction or diastolic relaxation was similar in AML 
patients with and without FO (4.3% vs. 2.4%, p=0.485 
and 34.8% vs. 42.1%, p=0.652 respectively). There was no 
significant difference between the two cohorts with respect 
to the WHO classifications and AML risk groups accord-
ing to the European Leukemia Net (ELN) recommenda-
tions from 2010 were equally distributed (p=0.588 and 
0.915 respectively) (20). Blood counts as well as albumin 
and C-reactive protein (CRP) levels were similar in AML 
patients with and without FO. Median creatinine levels 
were 0.89 mg/dl (0.51–1.61) in AML patients with FO 
and 0.87 mg/dl (0.45–2.21) in AML patients without FO 
(p=0.767).

Table 1   Baseline characteristics of AML patients with and without fluid overload

*At admission. All p-values reported are two-sided. Statistical significance was defined as p≤0.05, significant p-values are presented in bold

Characteristic All AML patients with FO AML patients without FO p-value

Number of patients (n, %) 187 (100) 23 (12.3) 164 (87.7)
Median age (median, range) 58 (18–85) 60 (23–73) 58 (18–85) 0.321
Female sex (n, %) 56 (29.95) 10 (43.5) 46 (28.1) 0.820
Body weight kg (median, range)* 80.6 (40–140.7) 73.1 (48.9–115.3) 81.2 (40–140.7) 0.015
Normal left ventricular ejection fraction (n, %) 182 (97.3) 22 (95.7) 160 (97.6) 0.485
Mildly abnormal left ventricular ejection fraction (n, 

%)
5 (2.7) 1 (4.3) 4 (2.4) 0.485

Diastolic relaxation abnormality (n, %) 77 (41.2) 8 (34.8) 69 (42.1) 0.652
AML with recurrent genetic abnormalities (n, %) 72 (38.5) 8 (34.8) 64 (39.0) 0.588
AML with myelodysplasia-related changes (n, %) 49 (26.2) 6 (26.1) 43 (26.2) 0.588
Therapy-related myeloid neoplasms (n, %) 5 (2.7) 3 (13.0) 2 (1.2) 0.588
AML not otherwise specified (n, %) 59 (31.6) 7 (30.4) 52 (31.7) 0.588
Favorable ELN risk group (n, %) 39 (20.9) 4 (17.4) 35 (21.3) 0.915
Intermediate-I ELN risk group (n, %) 68 (36.4) 10 (43.5) 58 (18.9) 0.915
Intermediate-II ELN risk group (n, %) 35 (18.7) 4 (17.4) 31 (18.9) 0.915
Adverse ELN risk group (n, %) 41 (21.9) 5 (21.7) 36 (22.0) 0.915
Albumin g/dl (median, range)* 3.9 (2–5.2) 3.7 (2.1–5) 3.9 (2–5.2) 0.376
White blood count/nl (median, range)* 7.72 (0.38–324.73) 11.54 (0.60–232.49) 6.75 (0.38–324.73) 0.245
Hemoglobin g/dl (median, range)* 9.0 (3.5–15.1) 9 (5–14.4) 9.1 (3.5–15.1) 0.632
Platelet count/nl (median, range)* 64 (3–836) 82 (10–283) 64 (3–836) 0.627
Creatinine mg/dl (median, range)* 0.88 (0.45–2.21) 0.89 (0.51–1.61) 0.87 (0.45–2.21) 0.767
C-reactive protein mg/dl (median, range)* 1.98 (0.01–34.66) 3.93 (0.04–19.80) 1.76 (0.01–34.66) 0.084
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Clinical and laboratory findings in AML patients 
with and without FO

Three (13.0%) AML patients with FO and 13 (8.6%) AML 
patients without FO received leukapheresis for initial treat-
ment of hyperleukocytosis (p=0.411). Median days from 
admission to day 7 of induction chemotherapy was 10 (7–19) 
in AML patients with FO and 9 (7–35) in AML patients 
without FO (p=0.978). In that period of time, AML patients 
with FO received a median of 8000 ml (0–22000) of crystal-
loid fluids compared to 7000 ml (0–28000) in AML patients 
without FO (p=0.527) (Table 2). Sixteen (69.6%) AML 
patients with FO received more than 100 ml per kg body 
weight until day 7 of induction chemotherapy, significantly 
more when compared to 47 (28.7%) AML patients without 
FO (p=0.043). Serum albumin levels measured during the 
hospital stay for induction chemotherapy of AML patients 
with FO were similar to those of AML patients without 
FO (3.3 g/dl, range 2.1–3.8 vs. 3.4 g/dl, range 2.25–4.2, 
p=0.117). Median serum creatinine levels were 0.7 mg/
dl (0.47–1.38) in AML patients with FO and 0.76 mg/dl 
(0.38–3.03) in AML patients without FO (p=0.417). Median 
C-reactive protein (CRP) levels were more than twice as 
high in AML patients with FO as in AML without FO 

(6.5 mg/dl, range 2.0–24.2 vs. 2.9 mg/dl, range 0.3–16.0, 
p<0.001). Hemoglobin and platelet counts were 8.2 g/dl 
(7.5–10) and 23.5/nl (7–51) in AML patients with FO and 
8.3 g/dl (6.4–13.2) and 27.5/nl (5.5–210) in AML patients 
without FO (p=0.784 and 0.170 respectively). The median 
number of platelet concentrates transfused until day 7 of 
induction chemotherapy was 2 (0–8) in AML patients with 
FO and 1 (0–18) in AML patients without FO (p=0.067) 
and the number of RBC concentrates was 4 (0–10) and 2 
(0–16) respectively (p=0.044). 56.5% of AML patients 
with FO received diuretics until day 7 of induction chemo-
therapy compared to 20.1% in AML patients without FO 
(p<0.001). Body weight on day 7 of induction chemo-
therapy was 79.9 kg (52.1–124.8) in AML patients with 
FO and 81.3 kg (49–145.2) in AML patients without FO 
(p=0.448). AML patients with FO had 6 (0–24) days with 
fever during the hospital stay for induction chemotherapy 
and 5 (21.7%) required treatment on ICU compared to 5 
(0–31) days with fever and 23 (14%) required treatment 
on ICU in AML patients without FO (p=0.377 and 0.332 
respectively). The length of the hospital stay did not differ 
significantly between both cohorts (46 days, 15–70 in AML 
patients with FO vs. 49 days, 16–127 in AML patients with-
out FO, p=0.470). Response rates in terms of day 15 bone 

Table 2   Clinical findings in AML patients with and without fluid overload

*From day of admission until day 7 of induction chemotherapy. OMedian values of the hospital stay for induction chemotherapy. All p-values 
reported are two-sided. Statistical significance was defined as p≤0.05, significant p-values are presented in bold

Characteristic AML patients with FO AML without FO p-value

Number of patients (n, %) 23 (12.3) 164 (87.7)
Leukapheresis for initial treatment of hyperleukocytosis (n, %) 3 (13.0) 13 (8.6) 0.411
Days from admission to day 7 of induction chemotherapy (median, range) 10 (7–19) 9 (7–35) 0.978
Crystalloid fluids applied in ml (median, range)* 8000 (0–22000) 7000 (0–28000) 0.527
Patients receiving >100 ml crystalloid fluids/kg bodyweight* 16 (69.6) 47 (28.7) 0.043
Albumin g/dl (median, range)O 3.3 (2.1–3.8) 3.4 (2.25–4.2) 0.117
Creatinine mg/dl (median, range)O 0.70 (0.47–1.38) 0.76 (0.38–3.03) 0.417
C-reactive protein mg/dl (median, range)O 6.5 (2.0–24.2) 2.9 (0.3–16.0) <0.001
Hemoglobin g/dl (median, range)O 8.2 (7.5–10.0) 8.3 (6.4–13.2) 0.784
Platelet count/nl (median, range)O 23.5 (7–51) 27.5 (5.5–210) 0.170
Transfused platelet concentrates (median, range)* 2 (0–8) 1 (0–18) 0.067
Transfused red blood cell concentrates (median, range)* 4 (0–10) 2 (0–16) 0.044
Patients receiving diuretics (n, %)* 13 (56.5) 33 (20.1) <0.001
Body weight on day 7 (median, range) 79.9 (52.1–124.8) 81.3 (49–145.2) 0.448
Days with fever (median, range) 6 (0–24) 5 (0–31) 0.377
Patients requiring treatment on intensive care unit (n, %) 5 (21.7) 23 (14.0) 0.332
Length of hospital stay (median, range) 46 (15–70) 49 (16–127) 0.470
Day 15 bone marrow blast clearance (n, %) 10 (43.5) 78 (47.6) 0.280
Complete remission after induction chemotherapy (n, %) 13 (56.5) 120 (73.2) 0.585
Stem cell transplantation as consolidation therapy (n, %) 8 (34.8) 58 (21.3) 1.000
90-day mortality (n, %) 4 (17.4) 6 (3.7) 0.022
Overall mortality (n, %) 11 (47.8) 55 (33.5) 0.179
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marrow blast clearance and complete remission (CR) rates 
after induction chemotherapy were not different in AML 
patients with and without FO (p=0.280 and 0.585 respec-
tively). Eight (34.8%) AML patients with FO received allo-
genic SCT as consolidation therapy compared to 58 (21.3%) 
AML patients without FO (p=1.000). AML patients with 
FO had a higher 90-day mortality (n=4, 17.4% vs. 6, 3.7 
%, p=0.022). Overall mortality did not differ significantly 
(n=11, 47.8% vs. 55, 33.5%, 0.179).

Risk factors for FO in AML patients undergoing 
induction chemotherapy

To further analyze risk factors for FO in AML patients 
undergoing induction chemotherapy, a uni- and multivari-
ate logistic regression model was performed. The nominal 
dichotome variables included in this model were as follows: 
age >60 years, treatment on ICU, fever days >5, patients 
receiving >100 ml crystalloid fluids/kg body weight until 
day 7 of induction chemotherapy, and CRP levels >10 mg/
dl. As shown in Table 3, patients receiving >100 ml crystal-
loid fluids/kg body weight until day 7 of induction chem-
otherapy was an independent risk factor for FO in AML 
patients undergoing induction chemotherapy.

Risk factors for 90‑day mortality in AML patients 
undergoing induction chemotherapy

AML patients with FO had a significantly poorer 90-day sur-
vival compared to patients without FO (p=0.0044) (Fig. 1). 
To further analyze risk factors for 90-day mortality in AML 
patients undergoing induction chemotherapy, a uni- and 
multivariate logistic regression model was performed. The 
nominal dichotome variables age above 60 years, treatment 
on ICU, adverse-risk AML, FO, patients receiving >100 
ml crystalloid fluids/kg body weight, body weight >75 
kg at day of admission, fever days >5, and CRP level >10 
mg/dl were included in this model. As shown in Table 4, 
treatment on ICU and FO were independent risk factors for 

90-day mortality in AML patients undergoing induction 
chemotherapy.

Ten AML patients—4 (17.4%) AML patients with FO 
and 6 (3.7%) AML patients without FO—died within 90 
days after induction chemotherapy. Causes for ICU trans-
fer and death as well as the day 15 response status are 
shown in Table 5. Two (50%) of the 4 AML patients with 
FO died despite achieving bone marrow blast clearance on 
day 15 bone marrow evaluation; all 4 (100%) of them were 
transferred to ICU due to respiratory insufficiency. Res-
piratory insufficiency was due to pneumonia in 3 patients, 
and due to pulmonary edema in 1 patient. Three (75%) 
AML patients with FO died from acute respiratory distress 
syndrome (ARDS); 1 (25%) had hypoxic brain damage 
after resuscitation and epileptic seizures of unknown eti-
ology. In AML patients without FO, 2 (33.3%) of 6 died 
despite achieving blast clearance on day 15 bone marrow 
evaluation. Two (33.3%) AML patients without FO died 

Table 3   Logistic regression analysis of risk factors for fluid overload

*Including crystalloid fluids from day of admission until day 7 of induction chemotherapy. CI, confidence interval; OR, odds ratio. All p-values 
reported are two-sided. Statistical significance was defined as p≤0.05, significant p-values are presented in bold

Parameter OR 95% CI P value OR 95 % CI P value
Univariate analysis Multivariate analysis

Age >60 years 1.746 0.724–4.211 0.215

Treatment on intensive care unit 1.703 0.576–5.037 0.336
Fever days >5 1.659 0.667–4.128 0.276
Patients receiving >100 ml crystalloid 

fluids/kg body weight*
2.780 1.086–7.116 0.033 2.780 1.086–7.116 0.033

CRP level > 10 mg/dl 2.976 0.959–9.233 0.059

| | |

|

p = 0.0044
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25%
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0 30 60 90
Days after induction

A
liv
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|

|

AML patients without fluid overload
AML patients with fluid overload

Fig. 1   Kaplan-Meier estimates of 90-d overall survival (OS). The red 
line indicates OS in AML patients with FO; the black line indicates 
OS in AML patients without FO
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after the hospital stay for induction chemotherapy. The 
other 4 (66.7%) AML patients without FO were transferred 
to ICU. Two (50%) of these 4 patients were transferred to 
ICU due to respiratory insufficiency, and one due to toxic 
cardiomyopathy (probably due to anthracycline-containing 
induction chemotherapy) and the other one due to leuke-
mic infiltration of the heart muscle, both finally leading 
to death. The other 2 AML patients without FO died from 
multi-organ failure after septic shock and from ARDS after 
aspiration pneumonia.

Discussion

Numerous studies have demonstrated a strong correlation 
between FO and adverse outcomes like pulmonary edema, 
cardiac failure, impaired bowel function, and increased 
mortality in critically ill patients (25, 26). Although AML 
patients are prone to positive fluid balance, e.g., with the 

intention to prevent hyperuricemia-induced renal injury, 
tumor lysis syndrome (TLS), and leukostasis, to our 
knowledge, there is no study investigating the role of FO 
in AML patients undergoing induction chemotherapy. In 
this study, we identified increased administration of crys-
talloid fluids as a risk factor for FO on day 7 of induction 
chemotherapy and demonstrated that FO impairs survival 
in AML patients undergoing induction chemotherapy.

We defined FO as ≥ 5% weight gain on day 7 of induc-
tion chemotherapy with respect to a baseline body weight 
determined on the day of admission to hospital. Due to 
the retrospective nature of this study, considering clini-
cal signs such as peripheral edema, high blood pressure, 
anasarca, or vena cava measurement to define FO was not 
feasible possibly. Since AML patients suffer from body 
weight loss during initial diagnosis and initiation of chem-
otherapy leading to possible underestimation of weight 
gain due to FO, we decided to choose a comparably low 
cutoff at 5% of body weight increase between admission 

Table 4   Cox regression analysis of risk factors for 90-day mortality

*Including crystalloid fluids from day of admission until day 7 of induction chemotherapy. CI, confidence interval; OR, odds ratio. All p-values 
reported are two-sided. Statistical significance was defined as p≤0.05, significant p-values are presented in bold

Parameter HR 95% CI P value HR 95% CI P value
Univariate analysis Multivariate analysis

Age > 60 years 1.543 0.454–5.245 0.487

Treatment on intensive care unit 20.800 5.098–84.872 <0.001 33.144 6.147–178.713 <0.001
Adverse-risk AML 1.320 0.274–6.363 0.730
Fluid overload 4.722 1.265–17.631 0.021 6.250 1.173–33.303 0.032
Patients receiving >100 ml crystalloid fluids/

kg body weight*
1.961 0.554–6.938 0.296

Body weight > 75 kg at day of admission 0.194 0.050–0.758 0.018
Fever days > 5 d 1.000 0.294–3.399 1.000
CRP level > 10 mg/dl 11.643 3.005–45.112 0.003

Table 5   Characterization of AML patients dying within 90 days after induction chemotherapy

Patient Fluid overload Day 15 response Reason for transfer to ICU Cause of death during induction 
chemotherapy

1 Yes Yes Respiratory insufficiency ARDS
2 Yes n/a Respiratory insufficiency ARDS and septic cardiomyopathy
3 Yes Yes Respiratory insufficiency Hypoxic brain injury
4 Yes No Respiratory insufficiency ARDS
5 No No Respiratory insufficiency ARDS and toxic cardiomyopathy
6 No No Respiratory insufficiency ARDS and cardiomyopathy
7 No n/a Respiratory insufficiency ARDS and acute kidney injury
8 No Yes n/a n/a
9 No n/a Septic shock Multiple organ dysfunction syndrome
10 No Yes n/a n/a

2608 Annals of Hematology (2021) 100:2603–2611



1 3

and day 7 of induction chemotherapy. The reasoning 
behind screening for FO at the early timepoint on day 7 
was to primarily detect FO caused by excess crystalloid 
fluids administered parallel to induction chemotherapy as 
this would be a potentially modifiable risk factor for FO. 
However, FO is multifactorial in etiology and is not neces-
sarily a consequence of intravenous fluid administration. 
Amongst others, acute kidney injury, liver failure, con-
gestive heart disease, or capillary leak due to inflamma-
tion or chemotherapy itself is clinical conditions known 
to lead to FO (27–30). Nevertheless, as induction chemo-
therapy is in general not initiated in a medical condition 
of severe organ dysfunction or uncontrolled sepsis, our 
screening timepoint intended to focus on FO in the context 
of unthoughtful fluid administration due to obedience to 
protocol recommendation. Notably, current AML treat-
ment protocols recommend to regularly apply 1000 ml/
day of crystalloid fluids as concomitant medication during 
induction chemotherapy (17).

In total, we found FO in 23 (12%) of 187 AML patients 
undergoing induction chemotherapy. Meaningful compari-
sons of FO incidence to other hematological studies inves-
tigating FO are difficult. Chamoun et al., Miller et al., and 
Rondon et al. detected a FO incidence of 14%, 28.6%, and 
66.2% in essentially different patient cohorts, with different 
screenings and definitions for FO (12–14). As mentioned 
above, the FO definition in this study (solely based on 
weight gain) and its screening timepoint (limited to day 7 
of induction chemotherapy) as well as the assumption that 
AML patients suffer from weight loss during the screening 
episode (due to active cancer disease, chemotherapy-induced 
nausea and vomiting, etc.) lead to potential underestimation 
of FO incidence.

AML patients with FO received in median 1000 ml more 
of crystalloid fluids until day 7 of induction chemotherapy 
than AML patients without FO. This difference was not 
statistically significant. However, when put in relation to 
body weight, AML patients with FO received more often 
over 100 ml of crystalloid fluids per kg body weight until 
day 7 of induction chemotherapy, which was identified as 
an independent risk factor for FO. Considering that the 
fraction of AML patients with FO presenting with a body 
weight < 75 kg was significantly higher than that of AML 
patients without FO, we conclude that more thoughtful and 
weight-adjusted prescription of crystalloid fluids is an easy 
and obvious way to reduce risk for FO in daily clinical prac-
tice. Importantly, AML patients with FO suffered from FO 
despite receiving significantly more diuretics than AML 
patients without FO.

As prophylactic and therapeutic administration of RBC 
and platelet concentrates constitute a cornerstone of sup-
portive measures in AML patients, we analyzed the median 
blood transfusions administered until day 7 of induction 

chemotherapy in AML patients with and without FO. The 
median transfusion rates for platelet and RBC concentrates 
were twice as high in AML patients with FO as in AML 
patients without FO. It remains unclear whether the higher 
blood transfusion rates are an additional cause for FO in 
AML patients with FO or if the higher transfusion rate 
actually represents avoidable blood transfusions deemed 
indicated by numeric thresholds that were reached more 
frequently due to hemodilution (31). Randomized prospec-
tive studies will be needed to analyze and understand this 
interesting observation in more detail.

CRP levels at the day of admission did not differ signifi-
cantly between AML patients with and without FO, although 
there was a trend towards higher CRP levels in AML patients 
with FO (p=0.084). This trend possibly demonstrates that 
AML patients with FO had more inflammation (e.g., due to 
infection or active leukemia) from the beginning potentially 
tempting the clinician in charge to prescribe more crystal-
loid fluids. When considering median CRP levels of the total 
hospital stay for induction chemotherapy, AML patients with 
FO had twice as high CRP levels as AML patients without 
FO. In critically ill patients, FO is described as a risk factor 
for the development of inflammation. The concomitance of 
FO and inflammation was correlated with an increased risk 
of death. Accordingly, elevated CRP and Il-6 levels were 
described in critically ill patients with FO (32, 33). Due to 
the retrospective nature of this study, it cannot be finally 
determined whether AML patients with a higher CRP need 
more crystalloid fluids and FO is a largely unavoidable con-
sequence or whether FO promotes infection and inflamma-
tion reflected by significantly higher CRP levels. Prospective 
studies are urgently needed to unravel the net relationship 
between elevated CRP levels and FO in order to wisely adapt 
fluid management in AML patients with inflammation.

Treatment on ICU and FO were independent risk factors 
for 90-day mortality in AML patients undergoing induction 
chemotherapy, which accentuates the role of FO as a modifi-
able risk factor for treatment outcome. Within the 10 AML 
patients—4 AML patients with FO and 6 AML patients 
without FO—dying within 90 days after induction chemo-
therapy, we found that AML patients with FO were likely to 
die despite the absence of uncontrolled leukemia disease and 
are susceptible to respiratory insufficiency and pneumonia 
leading to ICU treatment (Table 5). There are several limita-
tions to this analysis. Firstly, the number of AML patients 
dying within 90 days after AML induction chemotherapy is 
fortunately very small. Secondly, as AML patients on ICU 
mostly suffer from sepsis, multiple organ dysfunction, and/
or uncontrolled leukemia disease, unambiguously determin-
ing the leading cause for death in these patients is hardly 
possible in a retrospective study setting. Comparing these 
observations with respect to the presence or absence of 
FO is therefore not appropriate. The association between 

2609Annals of Hematology (2021) 100:2603–2611



1 3

FO and an increased early mortality has been described in 
critically ill patients (34–36). On the one hand, the admin-
istration of adequate fluid resuscitation might help prevent 
acute kidney injury due to limited renal perfusion and might 
be essential to achieve restoration of cardiac output and an 
adequate systemic blood pressure in patients with cardio-
genic or septic shock (37). On the other hand, critically ill 
patients are prone to increased capillary leak secondary to 
inflammation (release of cytokines, complement factors, and 
altered organ microcirculation). This leads to administered 
intravenous fluid leaving the circulatory system and causing 
edema, which has been shown to result in impaired oxygen 
and metabolite diffusion and consequently in progressive 
organ dysfunction (38, 39).

AML patients are susceptible to hyperhydration due to 
crystalloid fluids applied in the context of chemotherapy 
protocols, during sepsis treatment, or due to blood transfu-
sions. Traditionally, AML patients receive crystalloid fluids 
to prevent TLS. However, Miller et al. have illustrated that a 
significant proportion of pediatric patients received hyper-
hydration although they were not at high risk for developing 
TLS (13). It is important to note that conservative fluid bal-
ance strategies have been successfully applied in critically 
ill patients, including sepsis patients, stem cell transplant 
recipients, and trauma patients. Therefore, it may be well-
founded to reassess widely implemented practices on fluid 
management also for AML patients undergoing induction 
chemotherapy (8, 40–42). Due to the adverse impact of FO 
which is a modifiable risk factor on the clinical course of 
AML patients undergoing induction therapy, we advocate 
that hematologists should be more vigilant for the signs and 
symptoms of FO, and carefully monitor body weight gain. 
We suggest an individualized, hemodynamically guided, and 
restrictive approach to fluid administration to reduce pre-
ventable treatment-related morbidity and mortality. The pre-
vention of AML-related complications such as leukostasis 
and TLS is essential; however, we suggest a strict stratifica-
tion of patients requiring hyperhydration. We further advise 
the accurate documentation of increase in weight in relation 
to the body weight and the early identification of patients 
who are susceptible to FO.

As to our limitations, the retrospective nature of our study 
limits the conclusions that can be drawn from the exhibited 
results. Clinical signs such as peripheral edema, high blood 
pressure, anasarca, or vena cava measurement and especially 
oral fluid intake were not considered for our definition of 
FO as they were not documented in a standardized man-
ner for all AML patients. Prospective studies are needed to 
determine the precise incidence of FO in AML patients and 
to analyze whether the recommended strategies will help 
decrease the incidence of FO in AML patients undergoing 
induction chemotherapy.
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