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Article 
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Abstract: Historically, admission of hematological patients in the ICU shortly after the start of a 

critical illness is associated with better survival rates. Early intensive interventions administered by 

MET could have a role in the management of hematological critically ill patients, eventually 

reducing ICU admission rate. In this retrospective and monocentric study, we evaluate the safety 

and effectiveness of intensive treatments administered by the MET in a medical ward frame. The 

administered interventions were mainly helmet CPAP and pharmacological cardiovascular 

support. Frequent reassessment by the MET at least every 8 to 12 hours was guaranteed. We analyze 

data from 133 hematological patients that required MET intervention. In hospital mortality was 38%; 

mortality doesn’t increase in patients not immediately transferred to the ICU. Only 3 patients died 

without a former admission in ICU; in these cases, mortality was not related to the acute illness. 

Moreover, 37% of patients overcame the critical episode in the hematological ward. Higher SOFA 

and MEWS scores were associated with a worst survival rate, while neutropenia and 

pharmacological immunosuppression were not. The MET approach seems to be safe and effective. 

SOFA and MEWS confirmed to be effective tools for prognostication. 

Keywords: medical emergency team; ICU admission; CPAP; hematological critically ill patients; 

prognostication 

 

1. Introduction 

Advances in oncology and hematology, with significant progress in chemotherapy regimens or 

targeted therapies, led to improved survival in patients with cancer. As a result, a growing number 

of patients are living with active hematological malignancies and are at risk for life-threatening acute 

illness requiring intensive care unit (ICU) support[1,2]. 

Within the last 25 years cancer and ICU treatment clearly improved and survival rate increased 

from 2.5% [3] to more than 60% in recent studies[2]. Moreover, the most recent literature clarifies that 

the nature and staging of the underlying neoplastic disease has little impact on mortality after 

admission in ICU; on the opposite, the acute disease itself and the baseline health status and 

comorbidities are considered the main predictors of ICU survival [4–7]. Thus, a consistent number of 

the “classical” mortality predictors have lost their value and novel clinical approaches are advocated 

for admission into intensive care of high-risk cancer patients [4]. 

Admission of hematological patients in the ICU shortly after the onset of the critical illness is 

associated with better survival rates [2,4,5,8]. Despite these data, prompt ICU admission cannot 
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always be achieved partly because the stigma of a dismal prognosis still accompanies these patients 

and partly due to triage criteria variability, the latter closely related and interdependent with ICU 

resources availability [6,7]; the critical issue of allocation of ICU resources has been heavily 

highlighted during the current pandemic of SARS-CoV-2 [9]. 

The policy of admission to the intensive care of onco-hematological patients population varies 

significantly in the different centers, which hence report huge differences in the mortality and 

survival rates of these patients [6,10]. Over the years, several algorithms have also been proposed to 

assist the clinician in this decision making. Triage algorithms and protocols can be useful but are still 

not able to replace the role of skilled intensivists’ evaluation relying on a multidisciplinary 

knowledge setting [11–13]. 

The “critical care without walls” concept was first proposed 20 years ago [14], highlighting the 
relevance of providing critical care expertise in a specialist ward setting. MET (Medical Emergency 

Team) has a fundamental role in identifying critically ill patients, including those with an 

hematological disease, at risk of clinical deterioration, avoiding delays in admission to the ICU [6]. 

Implementation of pre-ICU systems (MET and its equivalents, declined in literature as rapid response 

team or critical care outreach team) in managing hematological critically-ill patients has been 

associated with reduction in both hospital mortality and cardiac arrest outside ICU [15–17]. 

Moreover, ICU settings don’t always guarantee adequate protective isolation in controlled 
environments, a factor that has been shown to be effective in limiting infectious complications and 

even mortality in neutropenic patients [5]. 

However, the role of MET in the management of hematological patients in non-intensive wards 

is unclear [6]. In this study we describe the population treated outside the ICU in the hematology 

ward with the support of MET, analyzing the intensive interventions that were applied. Our aim was 

to evaluate the safety and effectiveness of an intensive treatment trial in the medical ward provided 

by MET on hematological patients who develop a critical illness. 

2. Materials and Methods 

This is an observational retrospective monocentric study. Patients were enrolled in San Gerardo 

hospital, Monza, Italy.  Data were collected between January 2015 and December 2019 in a local 

online registry and analyzed after local ethic committee approval (protocol number 357). Patients’ 
consent was waived.  

Our MET is a dedicated staff composed by an intensivist physician, an ICU nurse, and an 

intensive care resident. The team is available 24 hours/day and 7 days/week and can be activated by 

physicians for the management of intra-hospital critical issues and emergencies. In our hospital, MET 

also guarantees automatic follow-up of patients considered at high risk of worsening, but still not 

immediately requiring ICU access. Every patient for which the MET was activated undergoes 

multidisciplinary evaluation that leads either to immediate ICU admission or alternatively to an 

intensive treatment upgrade in the hematological ward. The latter is conducted as a short-lasting 

trial, consisting in helmet CPAP and/or pharmacological cardiovascular support (vasopressors 

and/or inotropes). Frequent reassessment by the MET at least every 8 to 12 hours is guaranteed. 

Inclusion criteria 

We considered eligible hematological adult patients (age ≥18 years) that were referred to MET 
for an acute clinical deterioration. 

Exclusion criteria 

We excluded patients who were not eligible to the ICU treatment due their clinical condition 

and poor prognosis defined by a multidisciplinary team composed of hematologists and intensivists. 

We also excluded those patients who immediately died after MET referral and for which the MET 

was alerted for the first time for a cardiac arrest. 

Data collection 
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Data were collected from electronic patient records and entered, anonymously, into a securely 

stored database. 

We collected demographics, age adjusted Charlson comorbidity index (CCI) and Eastern 

Cooperative Oncology Group (ECOG) scale, Sequential Organ Failure Assessment (SOFA) score, 

Modified Early Warning Score (MEWS) for clinical deterioration, timing of symptoms onset and MET 

referral. Vital parameters (SpO2, arterial pressure, respiratory rate, mental status), PaO2/FiO2, 

vasopressors and CPAP supports were recorded at first and last MET evaluation. We also collected 

data of the hematological baseline condition (diagnosis, disease state, eventual bone marrow 

transplant and active graft-versus-host disease, neutropenia, ongoing chemotherapy and 

immunosuppression). 

Statistical analysis 

Statistical analysis and graphs were performed with IBM SPSS Statistic v. 27. 

Continuous variables are summarized as mean values with standard deviations or median 

values and interquartile range for normal and non-normal distribution respectively. Categorical 

variables were summarized as counts and percentages. 

Population characteristic comparison between the control group and the steroid group was 

performed with an independent-sample T-test for continuous variables and Chi-Square statistic for 

categorical variables. 

3. Results 

Overall, between 14th January 2015 and 30th December 2019 our MET was alerted for 169 

hematological patients who had a critical condition according to the attending hematologist.  We 

excluded from the analysis 30 patients who were not considered eligible to the ICU treatment due 

their clinical condition after a multidisciplinary consensus; also, five patients were excluded because 

they immediately died at first MET referral after a failed cardio-pulmonary resuscitation for cardiac 

arrest. 134 patients were considered eligible for the study. We analyzed data from 133 patients 

because we missed the follow-up of a patient transferred to an ICU in another hospital. Of these, 84 

(63%) were admitted to ICU, while 49 (37%) were treated exclusively in the hematological ward 

(Figure 1). Among the patients who were admitted to ICU, twenty-nine died in the ICU, eighteen 

died in the hematological ward after ICU discharge, without being further referred to MET. Three 

patients died in the hematological medical ward without being admitted to the ICU because they 

survived the acute decompensation, but subsequently died for progression of their hematological 

illness. 

 

Figure 1. Enrollment, exclusion and patients’ distribution in the primary analysis. 
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The baseline hematological characteristics are summarized in Table 1. Baseline comparison 

between alive and dead at hospital discharge are summarized in Table 2.  

Table 1. Hematological baseline characteristics. * Neutrophil count < 500 cells/µl. 

 N=133 (%) 

Hematological diagnosis: 

- Non-Hodgkin Lymphoma 

- Acute myeloid leukemia 

- Multiple Myeloma 

- Acute lymphocytic leukemia 

- Chronic lymphocytic leukemia 

- Myelodysplasia 

- Bone marrow aplasia 

- Hodgkin Lymphoma 

- Others 

 

38 (29) 

36 (27) 

17 (13) 

16 (12) 

5 (4) 

5 (4) 

4 (3) 

3 (2) 

9 (7) 

Disease state: 

- Onset 

- Complete remission 

- Relapse < 1 year 

- Relapse > 1 year 

- Refractory disease 

- Unknown 

 

55 (42) 

41 (31) 

5 (4) 

19 (14) 

12 (9) 

1 (1) 

Bone marrow transplant: 

- Autologous 

- Allogenic 

 

5 (4) 

30 (23) 

Graft-versus-host disease: 

- Acute 

- Chronic 

 

16 (12) 

2 (2) 

Neutropenia* 46 (35) 

Ongoing chemotherapy 76 (57) 

Pharmacological immunosuppression 62 (47) 

Table 2. Population baseline comparison between outcome at hospital discharge. CCI: Charlson 

comorbidity index; SOFA: sequential organ failure assessment; MEWS: modified early warning score; 

ICU: intensive care unit; MET: medical emergency team; ECOG: eastern cooperative oncology group 

*: p < 0.05; †: value recorded at first MET evaluation, £: Neutrophil count < 500 cells/µl. 

 Alive 

(N=83) 

Dead 

(N=50) 
P-value 

Age - Years 56±13 58±12 0.395 

Sex - Female no. (%) 32 (39) 19 (38) 0.949 

Days of 

hospitalization before 

MET evaluation 

3 (0 ; 13) 10 (0 ; 23) 0.032 * 

Days between critical 

illness symptoms and 

MET evaluation – 

median (IQR) 

0 (0 ; 1) 0 (0 ; 1) 0.509 

CCI 5.3±2.4 5.0±2.0 0.407 

SOFA score † 5.9±2.5 8.0±2.6 < 0.001 * 

MEWS † 3.8±2.2 4.9±2.3 0.007 * 
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ECOG performance 

status – median (IQR) 
0 (0 ; 1) 0 (0 ; 1) 0.163 

PaO2/FiO2 – mmHg † 241±115 212±113 0.201 

Amine support – no. 

(%) † 
7 (8) 5 (10) 0.760 

Neutropenia £ – no. 

(%) 
30 (36) 16 (32) 0.626 

Pharmacological 

immunosuppression 

– no. (%) 

35 (54) 27 (42) 0.185 

Sepsis – no. (%) 30 (36) 28 (56) 0.025 * 

ICU admission – no. 

(%)  
37 (45) 47 (94) < 0.001 * 

Patients who died had generally more severe systemic disease at first MET evaluation (SOFA 

8.0 vs. 5.9 and MEWS 4.9 vs 3.8) than those who survived at hospital discharge. Those patients also 

had a longer hospitalization before MET referral (3 vs 10 days) and sepsis was more likely the cause 

of the acute decompensation. No difference in age, sex, comorbidity (CCI), and prior performance 

status (ECOG) was found. Also, respiratory failure severity categorized as PaO2/FiO2, and 

cardiovascular failure defined as need of pressors support before MET visit was similar in the two 

groups. Neutropenia (Neutrophil count < 500 cells/µl) and pharmacological immunosuppression 

were also comparable. MET was alerted immediately after the onset of the symptoms prodromic of 

a critical illness (median of 0 days in both dead and alive patients) and no difference was evident 

between those two groups.  

Figure 2 represents the number of MET consults that each patient received before being 

considered enough stable to be treated without MET assistance (Panel A) or being too severe and so 

admitted to the ICU (Panel B). 3 patients died without being admitted to the ICU as already described. 

84 patients were admitted to the ICU, 53 of them (63%) immediately after the first MET referral. Those 

who received more than a MET evaluation were admitted to the ICU 1 day (IQR 0;2) after the first 

MET consult. No difference between the delay of admission of patients who died and those who 

survived was found (p=0.214).  

 

Figure 2. Mortality distribution between 1, 2, and 3 or more (3+) MET evaluations in patients treated 

exclusively in the hematological ward (panel A) and in those admitted in the ICU (panel B). MET: 

medical emergency team; ICU: intensive care unit. 

Overall, 65 (49%) patients received only 1 MET evaluation, 35 (26%) 2 evaluations, and 33 (25%) 

3 or more evaluations. 12 (9%) patients received only one MET consult and were enough stable to 

continue the cure in the hematological ward without a prolonged assistance of an intensivist (SOFA 

5.0 ± 1.9, MEWS 2.3 ± 1.4, PaO2/FiO2 255 ± 81). 53 (40%) patients were so severe that they were 

immediately transferred to the ICU after the first MET consult. Those patients differed significantly 

from those who were re-evaluated by MET in terms of acute disease severity (SOFA, MEWS, and 
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vitals parameters such as respiratory rate, heart rate, blood pressure and mental status were 

significantly more severe in the former group) as shown in Table 3. No difference in PaO2/FiO2, 

neutropenia and pharmacological immunosuppression was evident. 

Table 3. Baseline comparison between patients immediately admitted to ICU and patients who 

received at least a second MET consult. SOFA: sequential organ failure assessment; MEWS: modified 

early warning score; ICU: intensive care unit; MET: medical emergency team; ECOG: eastern 

cooperative oncology group *: p < 0.05; †: value recorded at first MET evaluation. 

 
Immediately 

admitted to ICU 

(N=53) 

2 or more MET 

evaluations 

(N=68) 

P-value 

Respiratory rate  

>30 bpm † – no. (%) 
19 (36) 19 (28) 0.042 * 

Heart rate >130 bpm † 
- no. (%) 

13 (25) 8 (12) < 0.001 * 

Systolic blood 

pressure <70 mmHg † 
- no. (%) 

15 (28) 1 (2) < 0.001 * 

Mental status 

alteration † - no. (%) 
12 (23) 4 (6) 0.010 * 

SOFA score † 7.9±2.9 6.0±2.2 < 0.001 * 

MEWS † 5.6±2.5 3.5±1.6 < 0.001 * 

PaO2/FiO2 – mmHg † 213±126 239±108 0.252 

Neutropenia – no. (%) 41 (77) 38 (56) 0.014 * 

Pharmacological 

immunosuppression 

– 

no. (%) 

23 (43) 32 (47) 0.688 

Sepsis – no. (%) 28 (52) 28 (41) 0.202 

In the sub-population analysis of the 68 patients who received at least two MET consults, 43 

(63%) received helmet CPAP support and 12 (18%) received amine support in the medical ward. 

Considering patients who received a CPAP trial in the hematological ward, no difference at first MET 

evaluation was evident between those who were admitted to the ICU and those who successfully 

continued treatments in the medical ward considering PaO2/FiO2 value, SOFA and MEWS (191 vs 

220 mmHg, p=0.334; 6.2 vs 6.0, p=0.679; 3.6 vs 3.4, p=0.611 respectively). Similar results were obtained 

in those who received pressors (SOFA 8.4 vs 8.3, p=0.899; MEWS 4.4 vs 4.7, p=0.411). 53% of the 

patients who received helmet CPAP support were admitted to the ICU (23 patients), while the ICU 

admission rate in those without a CPAP trial was 32% (p=0.086). Patients admitted to the ICU with a 

prior helmet CPAP trial had a trend to higher mortality than those admitted without it (56.5 vs 25%, 

p=0.124).  

Those receiving amine support had a similar ICU access rate than those who did not require 

cardiovascular support (41.7 vs 46.4%; p=0.764). 

4. Discussion 

In this monocentric retrospective analysis, we found that the MET selection of hematological 

critically ill patients able to complete an intensive treatment trial in the hematological ward, is 

effective and safe. Reassuringly, we recorded a low mortality (6%), and not related to the acute 

decompensation, rather to further progression of the hematological disease, in the subgroup treated 

entirely in the hematological ward (Figure 2 – Panel A). A relevant number of patients recovered 

from the critical episode in the hematological ward (37%), thereby avoiding a relocation in a less 

isolated environment and decreasing the demand of ICU beds. Furthermore, no increase of mortality 
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was detected in patients initially treated by the MET in the hematological ward compared to those 

immediately transferred to the ICU (Figure 2 – Panel B). Importantly, time of admission was not 

associated with mortality (p=0.214).  

We performed a sub-population analysis of patients who received at least two MET evaluations. 

So, we excluded the patients with a more severe acute illness (see Table 3) and, as such, immediately 

transferred to the ICU, and patients with milder conditions that did not require further MET 

interventions. Thus, we selected the patients who might benefit from a “critical care without wall” 
trial. Interestingly, at the beginning of the trial (for both helmet CPAP or cardiovascular support), it 

was not possible to estimate the subsequent necessity of ICU admission, either with clinical judgment, 

considering PaO2/FiO2 value, SOFA and MEWS. 

Remarkably, our data regarding the prognostic factors of hematological patients who develop a 

critical illness are consistent with those of the more recent literature [4–7]. The severity of the critical 

illness is confirmed to be predictive of mortality in our patients. SOFA and MEWS were effective 

tools for prognostication: higher values of both are associated with mortality (Table 2) and with 

immediate ICU admission (Table 3). Patients who died had greater incidence of sepsis as the cause 

of the acute decompensation than those who survived, in line with literature (6). Also, longer 

hospitalization prior to MET referral is associated with worst prognosis; this aspect too has been 

previously discussed in literature and is probably related to several factors such as frailty, prolonged 

bedridden condition, malnutrition and hospital acquired infection [18,19]. 

Apparently, mortality is not influenced by age, comorbidity (CCI), and prior performance status 

(ECOG). However, we must consider that our population was composed only of patients selected by 

a multidisciplinary team as eligible for ICU treatment. Excluding the “do not reanimate” patients 
may had flattened the difference in these parameters.  

Neutropenia (Neutrophil count < 500 cells/µl) and pharmacological immunosuppression were 

not more frequent in patients who died than those who survived; this data is in line with the recent 

literature [20]. We were not able to analyze the baseline hematological disease in relation to mortality 

due to the wide variety of conditions and the subsequent low number of patents of each category 

(Table 1).  

Finally, the analysis conducted on specifical procedure adopted in the medical ward highlighted 

that the patients who needed CPAP support had higher ICU access rate and higher mortality, even 

if these data were not statistically significant (ICU access rate: 53 vs 32, p=0.086; in-hospital mortality: 

56.5 vs 25%, p=0.124). The findings are consistent with those of a previous study demonstrating that 

respiratory events were independently associated with both ICU admission and hospital mortality 

[21]. This underlines the need for improving the management strategy of patients with acute 

respiratory failure, as onco-hematological conditions are adjunctive risk factors for ARDS [22]. Also, 

it has been previously suggested that early use of CPAP in hematological ward could prevent 

evolution to acute lung injury requiring mechanical ventilation and ICU admission [23]. 

Hemodynamic impairment does not seem to be a prognostic factor since the patients who received a 

trial with pressors had a similar ICU access rate than those who did not require cardiovascular 

support (41.7 vs 46.4%; p=0.764). The analysis on mortality was not performed on patients with 

pharmacological cardiovascular support because of the low numerosity of the group.  

This study has several limitations, mainly by the timing of data collection: data were collected 

only at the first and last MET evaluation, missing the ones in between. It would be hence quite an 

expected result to observe a deterioration in PaO2/FiO2, SOFA and MEWS from the first to the last 

record in patients who were admitted to the ICU as opposed to those who continued the treatment 

in the ward. It would be interesting for further trial to consider collecting these parameters at fixed 

time points after the first evaluation, because the evolution of the acute illness and the response to 

the treatment may be powerful prognostic, and thus strategy-guiding, factors. Moreover, patients 

who were not immediately transferred to the ICU spent 1 day (IQR 0;2) between MET activation and 

ICU admission. We collected our data considering days as the time unit. However, due to the rapid 

evolution of the critical illness and the quite frequent MET re-evaluation (at least every 8 to 12 hours), 
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we suggest for the future researchers to evaluate this time in hours, since even smaller delays may be 

effective in changing prognosis. 

5. Conclusions 

An intensive treatment trial in the medical ward provided with MET support on hematological 

patients who develop a critical illness may be effective in avoiding ICU admission and safe. A 

prospective and multicentric trial, which would also include the evolution of the acute illness in the 

first hours after MET intervention might be useful. 
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