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                                                                                                                        Abstract

                                                            Background Acute myeloid leukemia is a life-threatening disease associated with high mortality rates. A substantial number of patients require intensive care. This investigation analyzes risk factors predicting admission to the intensive care unit in patients with acute myeloid leukemia eligible for induction chemotherapy, the outcome of these patients, and prognostic factors predicting their survival.Design and Methods A total of 406 consecutive patients with de novo acute myeloid leukemia (15–89 years) were analyzed retrospectively. Markers recorded at the time of diagnosis included karyotype, fibrinogen, C-reactive protein, and Charlson comorbidity index. In patients requiring critical care, the value of the Simplified Acute Physiology Score II, the need for mechanical ventilation, and vasopressor support were recorded at the time of intensive care unit admission. The independent prognostic relevance of the parameters was tested by multivariate analysis.Results Sixty-two patients (15.3%) required intensive care, primarily due to respiratory failure (50.0%) or life-threatening bleeding (22.6%). Independent risk factors predicting intensive care unit admission were lower fibrinogen concentration, the presence of an infection, and comorbidity. The survival rate was 45%, with the Simplified Acute Physiology Score II being the only independent prognostic parameter (P<0.05). Survival was inferior in intensive care patients compared to patients not admitted to an intensive care unit. However, no difference between intensive care and non-intensive care patients was found concerning continuous complete remission at 6 years or survival at 6 years in patients who survived the first 30 days after diagnosis (non-intensive care patients: 28%; intensive care patients: 20%, P>0.05).Conclusions Ongoing infections, low fibrinogen and comorbidity are predictive for intensive care unit admission in acute myeloid leukemia. Although admission was a risk factor for survival, continuous complete remission and survival of patients alive at day 30 were similar in patients who were admitted or not admitted to an intensive care unit.
                                                            
                                                            Introduction
Acute myeloid leukemia (AML) is a life-threatening stem cell disorder characterized by rapid and uncontrolled proliferation and accumulation of myeloblasts.1,2 The prognosis and clinical course of AML differs among patients depending on specific molecular and cytogenetic properties of the clone.1–9 Moreover, apart from disease-associated features, patient-related factors including age and pre- or co-existing diseases (comorbidity) are of prognostic importance.1,10–12 Although the rate of complete remission in AML patients is relatively high (ranging between 60 and 75%), only a small percentage of patients are permanently cured.12–14
Patients with AML usually present with severely compromised bone marrow function.1 Some patients receive intensive chemotherapy resulting in further suppression of their immune system. As a result, infectious complications are frequent and may lead to serious organ dysfunction or even (multi)organ failure requiring admission to an intensive care unit (ICU).1 High mortality rates (80–90%) have been reported in patients with AML admitted to an ICU, especially for those who need invasive mechanical ventilation.15,16 Thus, therapy in the ICU was described to be largely unsuccessful in AML.15,16 However, a recent study reported more encouraging results in AML patients admitted to the ICU.17 The current analysis was, therefore, conducted to determine the percentage of patients with de novo AML requiring ICU treatment prior to or during induction chemotherapy. Furthermore, we attempted to identify parameters predicting admission to the ICU as well as prognostic factors associated with the outcome in ICU patients.
Design and Methods
Patients’ characteristics
Between October 1994 and November 2006, a total of 406 consecutive patients with de novo AML eligible for induction chemotherapy (median age, 59 years; range, 15–89 years) were seen at the Vienna University Hospital. Diagnoses were established according to the French-American-British (FAB) cooperative study group criteria.18 White blood cell count, platelet count, age, hemoglobin, lactate dehydrogenase, C-reactive protein, and fibrinogen concentrations, the karyotype according to Southwest Oncology Group criteria,19 the presence of any infectious disease, FAB subtype, and comorbidity assessed by the Charlson comorbidity index20 at diagnosis, were recorded for all patients. During follow-up, ICU admission, date of relapse, death (if applicable), and last visit were recorded. The median follow-up was 1.1 years. Data were analyzed in a retrospective manner. In ICU patients, the Simplified Acute Physiology Score II (SAPS II)21–23 at the time of admission to the ICU, time from diagnosis of AML to ICU admission, reason for ICU admission, need for invasive mechanical ventilation and vasopressors, as well as laboratory findings at ICU admission (fibrinogen, C-reactive protein, and white blood cell count) were recorded retrospectively. The study was approved by the ethical review board of the Medical University of Vienna.
Treatment of acute myeloid leukemia
Induction chemotherapy was performed according to the DAV protocol24 in all patients except those with AML FAB M3. In the case of persistence of blast cells after the first induction cycle, patients received a second cycle of induction chemotherapy (in patients aged <60 years: MiDAC13; in patients aged >60 years another cycle of DAV). In 37 patients, a third induction cycle (primarily FLAG25) was administered. Patients with AML M3 were treated according to the AIDA protocol.26
Supportive therapy
Routine supportive therapy was administered according to institutional guidelines: red cell concentrates and platelet concentrates were given to maintain the hemoglobin level above 8.0 g/dL and the platelet count greater than 10×10/L. Patients received prophylactic gastrointestinal decontamination (ciprofloxacin and fluconazole during induction chemotherapy). Granulocyte colony-stimulating factor was not administered routinely. In the case of neutropenic fever associated with a severe infection or a known history of a severe infection during a preceding cycle of chemotherapy, granulocyte colony-stimulating factor (30×10 U/day s.c. until neutrophil recovery) was given together with antibiotic and antifungal therapy. Admission to the ICU was granted to all patients with de novo AML prior to or during induction chemotherapy. There were no specific ICU admission criteria. The decision to admit a patient to the ICU was taken by the senior hematologist and the senior intensivist.
Statistical analysis
The prognostic value of parameters at diagnosis, such as white blood cell count, age, lactate dehydrogenase, C-reactive protein and fibrinogen concentrations, karyotype, infections, FAB subtype, and Charlson comorbidity index as well as critical parameters at ICU admission including white blood cell count, fibrinogen and C-reactive protein concentrations, SAPS II, invasive mechanical ventilation, time from diagnosis to ICU admission, and the cause of admission, were analyzed by Cox regression for survival and logistic regression for ICU admission and ICU outcome. All parameters were first tested in univariate analyses and factors significant at the P=0.05 level were then tested simultaneously in a multivariate analysis. Survival was defined as the time from admission to death from any cause. Patients still at risk or lost from follow-up were censored. Continuous complete remission was defined as the time from achievement of complete hematologic remission to a relapse. Patients who died from non-leukemia associated disorders, those lost from follow-up, or still at risk were censored. Survival of patients alive at day 30 was defined as the survival of patients from day 30 after diagnosis until death. Day 30 was chosen because the majority of patients who undergo induction chemotherapy show hematologic reconstitution within this period. Patients still at risk or lost from follow-up were censored. The product limit method of Kaplan and Meier was used to analyze the probability of overall survival, continuous complete remission, and survival of patients alive at day 30. Differences were considered to be statistically significant when the P value was less than 0.05.
As a screening procedure patients’ characteristics and baseline measurements of clinical parameters were compared with respect to ICU admission by univariate methods. Metric variables were tested by the Mann-Whitney test, dichotomous variables by Fisher’s exact probability test, and categorical variables with more than two categories by χ tests.
Results
Intensive care unit admission rate
Of a total of 406 consecutive patients with de novo AML, 62 (15.3%) required admission to the ICU. The patients’ characteristics are shown in Table 1. Twenty-five patients were admitted to the ICU prior to the initiation of induction chemotherapy, and 37 were admitted during induction chemotherapy. Patients were admitted to the ICU at a median of 13 days (range, 0–97 days) after diagnosis. The median SAPS II at admission to the ICU was 64 (range, 30–107). The primary reasons for ICU admission were respiratory failure (n=31; 50%) and life-threatening bleeding (n=14; 23%) (Table 2).
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Table 1.Patients’ characteristics at diagnosis.
Factors predicting admission to the intensive care unit
A number of parameters recorded at the time of diagnosis were analyzed with respect to their predictive value regarding the need for an admission to an ICU. In univariate analysis, white blood cell count, C-reactive protein, the presence of an infectious disease, fibrinogen, and Charlson comorbidity index were found to be predictive parameters indicating a high probability of an ICU admission. In contrast, age, karyotype, FAB subtype, and lactate dehydrogenase levels were not of predictive value. Parameters that were independently predictive for an ICU admission were fibrinogen, presence of an infection, and Charlson comorbidity index (Figure 1). We found that the risk of an ICU admission increased continuously as the levels of fibrinogen decreased. No significant differences were detected when analyzing our data excluding patients with AML M3. Table 3 shows a summary of the univariate and multivariate analyses. When analyzing specific comorbidities, marked differences were found between ICU and non-ICU patients, i.e. congestive heart failure, peripheral artery disease, diabetes mellitus, hemiplegia, and chronic renal failure (Table 4).
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Table 2.Reason for ICU admission.
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Figure 1.Admission to the intensive care unit (ICU). Percentages of ICU patients and non-ICU patients according to Charlson comorbidity index (CCI) risk group.
Intensive care unit survival and prognostic factors
The ICU survival rate was 45%. Fifteen of the 25 patients (60%) admitted to the ICU died before induction chemotherapy could be initiated, mostly within the first 24 h after admission to the ICU. Factors significantly associated with ICU outcome were the SAPS II as well as the need for vasopressor support. In contrast, mechanical ventilation, cause of ICU admission, time from diagnosis to ICU admission, fibrinogen level, C-reactive protein concentration, and white blood cell count at the time of ICU admission were not of predictive value. In multivariate analysis, only the SAPS II was independently associated with ICU survival (Table 3). ICU survivors presented with a median SAPS II of 49 (range, 30–77), which was significantly lower than that of non-survivors who had a median SAPS II of 73 (range, 31–107; P<0.05). To analyze whether the improvement of supportive care could have influenced the outcome of our patients, we compared the survival of patients admitted between 1994 and 2000 (n=34) with those who were admitted between 2000 and 2006 (n=28). As assessed by the log rank test, no difference could be detected between these two groups of patients (P=0.6).
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Table 3.Possible predictive factors for ICU admission, ICU outcome, and long-term survival in ICU patients.
Long-term survival of intensive care unit patients
Univariate analysis of prognostic factors indicative of long-term survival revealed that high SAPS II at ICU admission, as well as a higher Charlson comorbidity index were associated with an adverse survival outcome (Table 3). In contrast, the karyotype was not of prognostic significance. In multivariate analysis only SAPS II remained an independent prognostic variable predicting survival.
Comparison of patients admitted or not to the intensive care unit
Patients not admitted to the ICU (n=344) had a better survival than those admitted to the ICU (n=62) (non-ICU patients: median survival, 19.6 months; survival rate at 8 years: 21%; ICU patients: median survival, 1.3 months; survival rate at 8 years: 9%; P<0.05) (Figure 2). ICU admission was an independent adverse prognostic factor with respect to survival. Additional factors prognostic of survival were karyotype, age, Charlson comorbidity index (Figure 3), as well as white blood cell count and lactate dehydrogenase concentration at diagnosis, whereas FAB subtype, C-reactive protein level, and the presence of an infectious disease at diagnosis showed no predictive value. In contrast to survival, no significant differences were found between ICU patients and non-ICU patients when comparing the continuous complete remission and early-phase survival (Figure 2). At 6 years, the continuous complete remission rate was 38% among non-ICU-patients and 33% among ICU patients (P≥0.05). Similarly, the 6-year survival rate of those patients who had survived the first 30 days was 28% among non-ICU patients and 20% among ICU patients (P>0.05). ICU admission was not of prognostic significance with regard to continuous complete remission or survival of patients alive at day 30. Eight non-ICU patients and 18 ICU patients died within the first 30 days after diagnosis.
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Table 4.Comorbidities in ICU and non-ICU patients.
Discussion
In the present investigation, every seventh patient eligible for induction chemotherapy had to be admitted to the ICU prior to or during induction chemotherapy. A recently published paper by Attalah et al.27 revealed that 28% of patients with AML undergoing induction chemotherapy were admitted to the ICU (range, 12% to 44%, depending on the induction chemotherapy regimen). This difference between studies might be explained by the different treatment protocols used. Attalah et al. employed several different induction regimens with different intensities and thus different toxicities. In our cohort, all patients, except those with FAB M3 (who received the AIDA protocol) were treated with the DAV protocol. However, both studies show that a considerable number of patients with AML develop serious complications leading to admission to the ICU.
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Figure 2.Kaplan-Meier estimates of survival (A), survival from day 30 after diagnosis (B), and continuous complete remission (C) in non-intensive care unit patients (non-ICU patients) and intensive care unit patients (ICU patients) with AML.
Identifying risk factors for clinical deterioration leading to ICU admission is of particular interest when treating patients with AML. Multivariate analysis revealed that infection, lower fibrinogen levels and comorbidity at diagnosis were independent prognostic factors for ICU admission. Indeed, more than half of our patients were admitted to the ICU due to infectious complications, such as septicemia, and respiratory failure known to be mostly of infectious origin.28,29–31 Interestingly, other disease- and patient-related factors including age, FAB subtype, and the karyotype, all known to be correlated with long-term survival, were not associated with ICU admission. Our findings underline the importance of tight adherence to guidelines concerning the prevention and treatment of infectious complications in patients with hematologic malignancies.32,33 To reduce the risk of ICU admission high-risk patients should, therefore, receive early prophylaxis with antibiotics and antifungal agents. In patients with AML, decreased fibrinogen levels are frequently associated with disseminated intravascular coagulation, which is known to be associated with an increased risk of severe bleeding.34–36 Life-threatening bleeding was the second major reason for ICU admission in our cohort of AML patients, and was found to be associated with a poor outcome. Our observations are in line with previously published data showing that bleeding is one of the primary causes of an ICU admission in critically ill patients with hematologic malignancies,37–41 and particularly in patients with AML.17,29 With this in mind, it is tempting to speculate whether a strategy of early replacement with fresh-frozen plasma or fibrinogen concentrates with the aim of preserving high normal values would reduce the risk of life-threatening bleedings. The third independent prognostic factor for ICU admission was the presence of comorbid conditions, despite the exclusion of ‘unfit’ patients not eligible for induction chemotherapy. To the best of our knowledge, this is the first study demonstrating that comorbidity in AML is associated with a high risk of ICU admission, which may have clinical implications. It seems important, especially in older patients, to screen for comorbid conditions in order to define the patients’ overall risk in AML, including the risk of being admitted to the ICU which is per se an adverse prognostic factor.
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Figure 3.Kaplan-Maier estimates of survival according to Charlson comorbidity index (CCI) risk group.
The ICU survival rate in our cohort of patients was 45%, which is higher than that reported previously for AML patients admitted to an ICU.15,16 However, more recently published data show that a considerably higher percentage of AML patients admitted to an ICU can survive. In particular, Rabbat et al.17 reported an ICU survival rate of 66%. Compared to these data the survival rate in our patients seems to be inferior. However, patients in our cohort were more severely ill at the time of ICU admission, as reflected by a higher mean SAPS II (64 in our patients versus 55 in the report by Rabbat et al.). Moreover, invasive mechanical ventilation, the strongest predictor of ICU mortality in patients with hematologic malignancies,37,38,42,43 had to be used in a higher percentage of our patients (68%) than in those of the study by Rabbat et al.17 (47%). The comparison between the two cohorts is further complicated by the fact that in our cohort only patients with de novo AML before, during or after induction therapy were analyzed, whereas Rabbat et al.17 also described the ICU course of AML patients during consolidation chemotherapy, after stem cell transplantation, and in relapse.
In our analysis the only independent prognostic factor for ICU survival was the SAPS II, as assessed by multivariate analysis. This is in line with several reports showing that the ICU survival of patients with hematologic malignancies might not depend on disease-related parameters, but rather on the severity of the acute illness.17,38,39,41,43–46 Long-term survival of patients with hematologic malignancies has been described to be independent of the severity of disease at ICU admission but rather associated with disease-related parameters.17,38,39,44
Our analysis, albeit retrospective in nature, is one of the first to investigate a consecutive homogeneous cohort of patients with a distinct hematologic disease (AML) in detail, starting from the day of diagnosis and focusing on a possible independent effect of an ICU admission on outcome. So far, the survival of ICU patients has not been compared with that of non-ICU patients in AML. With regards to the survival of the whole cohort of AML patients eligible for induction chemotherapy, ICU admission was an independent adverse prognostic factor. However, no significant differences were found between ICU patients and non-ICU patients when comparing continuous complete remission rates. Moreover, ICU admission was not of prognostic significance with regards to long-term survival when the analysis was limited to patients who had survived at least 30 days. Thus, ICU patients surviving the initial phase of the disease have the same long-term survival as non-ICU patients, which is remarkable and of clinical importance. In fact, based on this result, we recommend that full ICU support is provided for critically ill patients with AML during the initial phase of their disease. On the other hand, it should also be stated that the current data reflect the experience of a single, specialized center and, therefore, might not be applicable to other centers, since the ICU outcome of hematologic patients has been described to be “dependent” on the number of patients treated in a center.47
In conclusion, ICU admission is a frequent complication in patients with de novo AML eligible for induction chemotherapy. Patients admitted to the ICU have a markedly reduced short-term survival, which seems to be mainly determined by the severity of the acute illness, and not by AML-specific parameters. The long-term outcome of patients surviving the first 30 days after diagnosis appears to be similar when comparing ICU and non-ICU patients. We strongly recommend admission to the ICU for patients with AML undergoing induction chemotherapy whenever necessary.
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