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Background

Critical care (CC) admission has traditionally been viewed as likely to result in a poor outcome for hematological malignancy (HM) patients. Such a view can have implications for decisions surrounding CC admission. Recent studies have challenged this poor prognostication, however, there still remains limited data to support CC admission and escalation decisions and to elucidate risk factors which independently predict short- and longer-term survival outcomes.





Methods

We retrospectively analyzed a large cohort of adult HM patients (n=437) admitted to CC over a sixteen-year period, with the specific aim of identifying risk factors present at CC unit admission that could help to predict outcome. We assessed all-cause mortality at CC discharge (CC mortality, primary outcome) and at further time points (hospital discharge and 12-months post-discharge from CC). Single variable and multivariate analyses were performed to identify independent predictors of outcome.





Results

CC unit and hospital mortality rates were 33.4% (146 patients) and 46.2% (202 patients) respectively. At six-month and one-year follow-up, mortality increased to 59.5% and 67.9% respectively. At single variable adjusted regression analysis, eight factors were associated with CC mortality: APACHE II score, the number of organs supported, requirement for continuous renal replacement therapy (CRRT), cardiovascular support, or respiratory support (invasive and non-invasive), the ratio between arterial partial pressure of oxygen (PaO2) and the inspired oxygen concentration (FiO2) (P/F ratio) on CC admission, and the lowest P/F ratio during CC admission. However, only three factors showed independent predictive capacity for CC outcome at multivariate logistic regression analysis; APACHE II score on admission, requirement for ventilation and lowest P/F ratio.





Conclusion

One third of HM patients admitted to CC died on the unit and, following admission to CC, approximately one-third of HM patients survived over 1 year. Our data show that, while a diagnosis of HM should not preclude admission of patients who might otherwise benefit from CC support, the prognosis of those with a high APACHE II score upon admission, or those requiring IMV remains poor, despite considerable advances in IMV techniques.
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Background

Patients with hematological malignancies (HM) have traditionally been perceived as poor candidates for Critical Care (CC), based on significantly poorer survival rates described for this cohort in comparison with non-HM patients requiring CC (1–3). Historically, CC survival for HM patients has been reported at approximately 20%, and as low as 5% or less in some studies (2, 3). Such findings may influence individual clinical decision making, with potential reluctance to admit HM patients to CC units, which is reflected in published guidelines from the American College of Critical Care Medicine regarding CC admission, discharge and triage decisions (4). However, more recent publications suggest that HM patients have benefitted from improved intensive care support during the last decade (5–7), and in response to this, the British Society of Haematology (BSH) guidance on management of the critically unwell patients with a HM emphasizes the need for access to CC for this cohort (8).

When exploring the factors potentially associated with patient outcome, numerous variables have been implicated but not all are reported consistently across the literature. The most consistent factors include the need for mechanical ventilation (MV), the presence of two or more organ failures and severe sepsis (1, 7, 9–11). In 2009, Hampshire et al. reviewed over 500,000 admissions of patients with HM to 178 Intensive Care Units (ICU) across England, Wales and Northern Ireland (12). This report showed that the Acute Physiology and Chronic Health Evaluation II (APACHE II) score was a more accurate predictor of mortality when compared with the Simplified Acute Physiology Score (SAPS) and the Intensive Care National Audit and Research Centre (ICNARC) model, but underestimated mortality at the lower end of the prediction range. Other smaller single-center studies have suggested an association between APACHE II scores and mortality in patients with HM admitted to CC (1, 2, 13–15). This is in contrast to other cancer types in which traditional physiological scores do not perform well as predictive models (16–18). Given the conflicting reports regarding HM patient outcomes in CC and the need to identify reliable prognostication strategies for this patient group in the CC setting (19), we retrospectively studied a large cohort of HM patients admitted to CC over a period of sixteen years with the specific aim of identifying risk factors present at CC unit admission that could help to predict outcome.





Methods




Study design, setting, and subjects

This study was performed at Sheffield Teaching Hospitals (STH) NHS Foundation Trust. STH has a two-site CC department, comprising of 36 CC beds at the Northern General Hospital site and 8 beds at the Royal Hallamshire Hospital site, contiguous with inpatient, day-case and outpatient hematology and hemopoietic stem cell transplant (HSCT) facilities. The CC is a tertiary medical-surgical unit, with approximately 3400 admissions per year.

Following ethical approval from the Human Research Authority (HRA; IRAS number 290345), data were collected on all Hematological Malignancy (HM) patients 18 years or over and admitted to STH CC between 1st September 2002 and 31 July 2018. Patients with non-malignant hematology diagnoses, including those who had received a transplant for a non-malignant diagnosis were excluded. Only the first admission data were included; repeat admissions were excluded from analysis.





Data collection

Patient baseline data, including demographics, HM diagnosis, APACHE II and clinical frailty scores, the nature of organ support during the CC stay (i.e. requirement for invasive MV (IMV), non-invasive ventilation (NIV), continuous renal replacement therapy (CRRT), and cardiovascular system (CVS) with vasopressors and inotropes) and results from relevant laboratory tests were retrospectively collected from the medical records, hospital information systems and CC charts.

The primary outcome was CC unit mortality (from all causes). Secondary outcomes were hospital mortality and 12-month mortality.





Statistical analyses

All of the statistical analyses were performed using STATA 15 (StataCorp, Lakeway Drive, College Station, Texas 77845 USA). Data are presented as mean values (and standard deviation, SD), or as medians (with interquartile range, IQR), as appropriate. To evaluate factors associated with mortality, univariate and multivariate logistic regression analyses were performed, adjusting for age, gender and hematological diagnosis. Univariate association filtering was relied upon to select variables to feed into the multivariate model, as commonly performed purposeful selection methodology (20, 21). A p-value cut off of 0.05 was used for statistical significance. Statistical interaction was examined using Wald.






Results




Patient characteristics

A total of 437 HM patients were admitted on to CC during the period examined (2002-2018) and met the inclusion criteria for the study. Patients’ characteristics are described in Table 1. The most common hematological diagnoses on admission were Acute Myeloid Leukemia (AML) in 108 (24.8%) cases, non-Hodgkin Lymphoma (NHL) in 98 (22.5%) and Multiple Myeloma (MM) in 70 (16.1%) patients. The median APACHE II score across the 437 patients on admission was 21 (IQR 17-25). A total of 185 (42.5%) patients had previously undergone HSCT, of which 60 cases (32.4%) were allogeneic HSCT recipients. Clinical frailty score data were available for 225 of the patients.


Table 1 | Demographic and clinical data for all patients included in the study (n=432).



With regards to CC treatments, 369 patients (84.4%) had at least one organ supported, while 142 patients (32.5%) had two or more. Fifty-eight patients (13.3%) received CRRT, 226 (51.7%) CVS support, 100 (22.9%) IMV and 191 (43.7%) NIV. Unit and hospital mortality rates were 33.4% and 46.2% respectively. At three-month, six-month and one-year follow-up, all causes mortality was 56.1%, 59.5% and 67.9% respectively.





Predictors of mortality

Univariate logistic regression analysis, adjusted by age and gender, was conducted to determine predictors of CC outcome with CC unit mortality being the primary endpoint. Eight factors were associated with CC unit mortality (Table 2): Admission APACHE II (Odds Ratio (OR)= 0.93, 95% confidence interval (CI)=0.89-0.96, p <0.001), the number of organs supported (OR=0.36, 95% CI=0.28-0.47, p<0.001), CRRT (OR=0.42, 95% CI=0.24-0.75, p<0.01), CVS support (OR=0.32, 95% CI=0.21-0.49, p<0.001), IMV (OR=0.11, 95% CI=0.07-0.18, p<0.001), NIV (OR=0.6, 95% CI=0.40-0.90, p<0.05), P/F ratio (ratio between arterial partial pressure of oxygen (PaO2) and the inspired oxygen concentration (FiO2)) (OR=1.07, 95%CI=1.05-1.95, p < 0.001) and the lowest P/F ratio recorded during CC stay (OR=1.16, 95% CI=1.10-1.21, p<0.001). There was no statistical interaction between use of NIV and lowest P/F ratio (Wald Chi-Squared Test p=0.81).


Table 2 | Significant predictors of critical care unit outcome, at univariate logistic regression analysis.



The HM diagnosis, past history of HSCT and the CFS did not have any effect on unit outcome (Supplementary Material, Table S1) at univariate analysis. Additional physiological variables assessed, including neutrophil count, creatinine and bilirubin levels upon admission to the CC unit were also not associated with patient outcome (Supplementary Material, Table S1).

APACHE II score on admission, requirement for IMV and lowest P/F ratio were all retained as independently statistically significant predictors of CC unit outcome in the multivariate logistic regression model (Table 3). The odds ratios from the multivariate analysis reveal that for every incremental increase in APACHE II score upon CC admission, there is a 12% decrease in the odds of CC unit survival. For every incremental increase in the lowest P/F ratio recorded, there is a 13% increase in the odds of survival, while the requirement for IMV results in an 88% decrease in the odds of survival on the CC unit.


Table 3 | Independent predictors of critical care unit outcome, by multivariate logistic regression analysis.



Univariate logistic regression analysis was also conducted to determine predictors of overall hospital outcome and 12-month survival. Of all the parameters measured, only the lowest P/F Ratio was able to help to predict hospital outcome (OR=1.15, 95%CI=1.02-1.30, p = 0.024). No independent predictors of 12-month mortality were identified in the multivariate model.






Discussion

This retrospective cohort study of critically ill patients with HM examines characteristics and outcomes over a period of 16 years, given recent evolutions in the treatment of this patient group. Critical Care mortality was 33.4%. Three factors were able to predict unit outcome; requirement for IMV, lowest P/F ratio and APACHE II score, which is the only one that can be used entirely a priori.

The recent advances in treatments for HM over the last few decades have translated into significantly improved survival rates. This continually improving prognosis increasingly justifies the rationale to provide CC support to many HM patients through life-threatening, but potentially reversible, complications of their disease and often complex, intensive, and high-cost treatments (including HSCT), which have extended to older and more frail patients.

It has been historically reported that HM patients requiring CC support have a limited survival. Numerous recent studies have attempted to determine whether, with advances in CC and better working practices, such as closer liaison and collaboration between Hematologists and Intensivists, this doctrine remains valid. Indeed, there are several reports of similar long-term outcomes in sub-groups of HM patients to non-HM patients following CC support (6, 22, 23) and evidence that better survival is associated with earlier CC admission (6), although these findings are not consistent throughout recent literature and therefore controversy still persists regarding the benefits of CC for sub-groups of HM patients (24, 25). Of note, our present study found no significant change or detectable trends in patients’ baseline demographic characteristics, acute physiological derangement or outcomes over the sixteen-year study period. However, it remains important that CC resource is provided efficiently and maximized in those patients with achievable survival. The identification of predictive factors is valuable in aiding clinical decision-making around CC admission, for informing individualized escalation of care decisions or referral to palliative care services, and also for counselling patients and their families regarding expectations of short, medium and long-term outcomes in this specialized group of patients whose HM diagnosis carries a prognosis in itself.

Our study found that the unit mortality of this cohort increased from 33.4% to 46.25% at hospital discharge. Furthermore, three-, six- and twelve-month mortality was 56.1%, 59.5% and 67.9% respectively overall. These figures are in line with the most recent similar studies reporting outcomes of HM patients requiring CC support (6, 7). Although a number of factors were identified to have prognostic utility at univariate analysis, only three factors were retained as independent predictors of unit outcome at multivariate analysis; requirement for IMV, the lowest P/F ratio and the APACHE II score. Only the APACHE II score can be used entirely a priori to help with early decision making relating to CC escalation, whilst requirement for IMV and lowest P/F ratio are strictly interconnected variables, which may reflect deterioration of patients from baseline CC admission. Therefore the detection of such deterioration, particularly in the wider context of progression in multi-organ dysfunction, may prompt the treating clinician to reassess management decisions, with consideration to response to the therapies administered. Although the APACHE II score has shown strong predictive power, early decision making should be made on an individualized patient basis, weighing the potential benefits against the burden of treatment, and taking the patient’s wishes into account.

The prognostic value of requirement for IMV support has been reported by numerous studies (1, 7, 9–11, 13) and has been attributed to various factors including the lack of effective treatment for several non-infectious pulmonary complications, concomitant severe pulmonary dysfunction, nosocomial infections such as ventilator-associated pneumonitis and the possibility of delayed diagnosis and management, including delayed endotracheal intubation and initiation of IMV, which can lead to multi-organ failure (26, 27). Acute respiratory failure ARF is one of the most important reasons for HM patient admission to CC (28). Requirement for IMV in HM patients has also been implicated as the cause of the high mortality rates (29–31).

In addition, in our study the requirement for NIV was associated with poor CC unit outcome at univariate analysis, but not independently retained within the final multivariate model. IMV in HM patients in particular, has previously been shown to carry a significantly worse prognosis than the use of NIV (32). Patients with neutropenia or the immunocompromised appear at higher risk when intubated and ventilated, and so NIV has been recommended by some in this situation (33, 34) and continuous positive airway pressure (CPAP) may reduce the evolution of acute lung injury in patients with HM (35). In some situations, this is better tolerated by CPAP helmet (36). While IMV may be associated with a worse outcome in ARF in this group (37) (37, 38, 39), some studies have not supported such a conclusion (37, 37, 40, 41, 42, 43). In the present study, we could not properly compare outcomes between the IMV and NIV groups. However, IMV does seem to be associated with a poorer outcome, perhaps for the reasons outlined above. There are many limiting factors present in our study and in others that have gathered data on the use of NIV in HM patients, and drawing definitive conclusions is difficult; for example, patients may be intubated before CC admission, and, in some cases, data on whether patients have received NIV prior to CC admission is unclear (although in our institution, this is unlikely to happen). Some of these outcomes may be due to, or worsened by, poor timing of invasive ventilation. This may, in some cases, be related to the logistics of where the NIV took place, especially when ward based. If NIV is failing, then prompt and timely intubation and ventilation is important in all areas of use including the hematology ward (29). Early treatment of the underlying etiology for the ARF is also very important. A definitive comparison of NIV with IMV is difficult because of several factors, including the need to achieve equipoise, timing of escalation from NIV to IMV where both are used and the use of IMV in many patients who are failing with NIV. In addition, some patients who are immediately intubated and ventilated without a trial of NIV are those where their level of deterioration was such that NIV was not practicable and so will be more severely ill than those who were able to establish themselves on NIV. In this study nearly twice as many patients received NIV than IMV and some NIV patients transferred to IMV. Some patients have treatment limited to NIV ventilation, which further complicates clinical comparisons. In our study treating clinicians generally perceived a benefit in avoiding sedation and introducing an artificial airway with the inevitable loss of a natural cough and a less natural expansion pattern of the lungs, where feasible in the first instance. The observational nature of our study therefore must be taken into account when interpreting our data in relation to NIV and IMV outcomes. A potential limitation of the current study is that it cannot elucidate the exact decision making surrounding the process of transitioning from NIV to IMV, and over what time interval (or whether such timing was optimal or otherwise). The reason for this limitation relates to the fact that such decisions are based on the best clinical judgement of the treating intensivist, which is a process known to be highly variable according to the existing literature, even in presence of pre-defined criteria in the tightly controlled set-up of randomized clinical trials (44, 45).

In the present cohort the lowest P/F ratio was found to independently predict unit and hospital outcome. For every incremental increase in the lowest P/F ratio recorded, there is a 13% increase in the odds of CC unit survival, and a 15% increase in the odds of hospital survival. The lowest P/F ratio is the only factor found to predict hospital outcome in this study. The P/F ratio expresses the severity of hypoxemia and indicates the trend in (or progression of) respiratory failure. Our work confirms findings of other authors who have also shown the strength of this ratio as an independent factor associated with CC mortality in HM and non-HM patients admitted to CC (46–48), but is the first to show its utility as a prognostic factor of overall hospital mortality in HM patients.

In line with a large number of other studies (1, 10, 14, 15, 49, 50), the APACHE II score, a well-established and validated prognostic tool for providing initial risk stratification for severely ill hospitalized patients, was found to be strongly associated with unit outcome at multivariate analysis. To date, the authors are not aware of a disease specific scoring system which caters for the needs to prognosticate HM patients admitted to Critical Care. Such a scoring system, once developed, may add further precision to the estimate of likely outcomes, can support ethical decision making and underpin clinical team discussions and decision making (19, 51). Interestingly, frailty did not appear to have any impact on CC unit, or hospital outcome. In previous studies, frailty has been associated with poor therapeutic response, increased toxicity, and worse survival for HM patients with blood cancers (52, 53). Frailty in patients admitted to CC has been well studied and its presence has been associated with negative CC outcomes and increased hospital mortality. However, data on frailty in HM patients specifically requiring CC support is very limited. The median age of patients in our study was 55 (IQR 46-67), and is significantly lower than that seen in studies looking at frailty in HM patients overall (52, 53), which may account for the lack of prognostic value of frailty seen here.

Organ failure as an overall clinical entity has previously been shown to be a useful prognostic factor in both non-cancer patients (54), cancer patients (55) and HM patients (6, 9, 12) admitted to CC. Furthermore, several studies have demonstrated that the number of dysfunctional organs has strong predictive value (9, 12, 47, 54, 56, 57). In the present study, univariate analyses showed that the number of organs requiring support was a predictor of CC mortality. Univariate analyses also showed that requirement for CRRT, CVS and respiratory support were all predictors of outcome. However, at multivariate logistic regression analysis, organ support was not an independent predictor of unit or hospital outcome. It would seem that, at least in our cohort, the nature of the organ failure (in particular, whether it is respiratory failure or not) is of much greater importance than the presence of any organ failure in predicting outcome.

Interestingly, our analysis also revealed that the diagnostic classification of HM appeared to have no impact on the outcome of these patients. Conflicting reports are available on this aspect within the literature; in agreement with the present findings, several studies have found patient outcome to be unrelated to HM diagnosis (15, 46, 58–60). In contrast, several studies have found an increased risk of death with specific HM diagnoses, such as HL (12), AML (60, 61) and NHL (61). However, even amongst those studies who report that the individual diagnosis is important in determining patient outcome, the relevant HM diagnoses vary between studies. HM is a very broad category of diseases both chronic and acute in nature. Disease status included in this study and in others are highly variable and can be newly diagnosed, in remission and those with relapsed or progressive disease. Hence, finding associations between specific diagnoses and outcomes is hampered by several potential cofounding variables. Furthermore, trends in variables across time may need to be considered when building prediction scores or algorithms (62). In studies in which outcomes were compared between patients in remission and those in relapse, mortality was found to be lower in those patients in remission (6, 63). These questions may be answered in more disease-specific analyses, which, given the relatively rare incidence of each specific HM, would require larger adequately powered studies.

Similar to HM diagnosis, our analysis suggests that the neutrophil count, creatinine and bilirubin levels at time of admission to the CC unit were not important in determining patient outcome. Other studies have also failed to confirm them as consistent prognostic factors for HM patients requiring CC support, with some showing predictive (64) and others non-predictive (10, 13) value. It is hypothesized that, at the stage at which organ support is required for HM patients, classically used predictors of mortality including hematological and biochemical parameters, as well as HM diagnosis and also previous HSCT have lost their significance. Furthermore, since our group of HM patients was heterogeneous, assessing the predictive value of such specific disease- or treatment-related factors (such as HM diagnosis, HSCT or neutropenia) is challenging in a retrospective study (65). These aspects and other important variables, including frailty assessments and patient-reported outcome measures (PROMs) to reflect long-term health-related quality-of-life, recovery of physical and mental functioning and support health economic appraisals, could be integrated into well-designed prospective studies to determine the long-term value of CC support in HM patients.





Conclusions

This study adds significant value to the literature since many conclusions have previously been drawn from much smaller cohorts (1, 2, 7, 9–11, 13–15, 32, 50, 60, 64, 65). While a diagnosis of HM should not preclude admission of patients who might otherwise benefit from CC support, the prognosis of those with a high APACHE II score upon admission, or those with deteriorating P/F ratio or requiring IMV remains particularly poor. Other variables such as neutropenia, specific HM diagnosis and previous HSCT did not show significance in our patient population and are likely to be of limited reliability as a basis for CC admission and management decision-making in our cohort. The value of NIV in HM patients suffering from acute respiratory failure warrants further investigation, ideally via a randomized controlled trial.
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Characteristic n (%) or mean (IQR)
Age (years) 55.2 (46-67)
Male sex, n (%) 265 (60.64)

DIAGNOSIS, n (%)

Acute Myeloid Leukemia (AML) 108 (24.8)
Non-Hodgkin Lymphoma (NHL) 98 (22.5)
Multiple Myeloma (MM) 70 (16.1)
Acute Lymphoblastic Leukemia (ALL) 42 (9.7)
Myelodysplastic Syndrome (MDS) 30 (6.9)
Chronic Lymphocytic Leukemia (CLL) 28 (6.4)
Chronic Myeloid Leukemia (CML) 17 (3.9)
Hodgkin Lymphoma (HL) 11 (2.5)
AML and NHL 2(0.5)
Other 31(7.1)
Hematopoietic Stem Cell Transplant (HSCT) recipients, n 185 (42.5)
(%)

PATIENT STATUS ON ADMISSION

APACHE II SCORE on admission, median, (IQR) 21 (17-25)
Neutrophil Count on admission (x 10%/L), median (IQR) 1.755 (0.1-
6.65)
Creatinine on admission (umol/L), median (IQR) 115.5 (73-177)
Bilirubin on admission (umol/L), median (IQR) 19 (11-36)
P/F Ratio* (kpa) median, (IQR) 19 (12-29)
Lowest P/F Ratio (kpa), median (IQR) 15.5 (9-24)

PATIENTS REQUIRING ORGAN SUPPORT, n (%)
Number of organs supported

0 68 (15.6)
1 227 (51.9)
2 94 (21.1)
3 46 (10.5)
4 2(0.5)
Continuous renal replacement therapy (CRRT) 58 (13.3)
Cardiovascular (CVS) support 226 (51.7)
Invasive mechanical ventilation (IMV) 100 (22.9)
Non-invasive ventilation (NIV) 191 (43.7)
CFS, n (%)

1 3(1.3)

2 10 (4.4)

3 49 (21.4)
4 78 (34.1)
5 45 (19.7)
6 38 (16.6)
7 6(2.6)

MORTALITY RATES, n (%)

Unit mortality rate 146 (33.4)
Hospital mortality rate 202 (46.2)
Month 3 mortality rate 245 (56.1)
Month 6 mortality rate 260 (59.5)
Month 12 mortality rate 294 (67.9)

*P/F Ratio: arterial partial pressure of oxygen (PaO,)/the inspired oxygen concentration
(FiO,).
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Odds Ratio (OR)

95% Confidence Interval (Cl)

Probability (p)

APACHE II on admission 0.93 0.89 - 0.96 <0.001
Number of organs supported 0.36 0.28 - 047 <0.001
Continuous renal replacement therapy (CRRT) 0.42 024 - 0.75 <0.01
Cardiovascular (CVS) support 0.32 0.21 - 049 <0.001
Non-invasive ventilation (NIV) 0.60 0.40 - 0.90 <0.05
Invasive mechanical ventilation (IMV) 0.11 0.07 - 0.18 <0.001
P/F Ratio* 1.07 1.05 - 1.95 <0.001
Lowest P/F Ratio* 116 1.10 - 1.23 <0.001
*P/F Ratio: arterial partial pressure of oxygen (PaO,)/the inspired oxygen concentration (FiO,).






