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Abstract
Purpose: The objective of this study is to describe characteristics and 
short- and long-term outcomes of patients with hematologic malig-
nancies who received cardiopulmonary resuscitation (CPR). Methods: 
A retrospective review was conducted of all Code Blues at a large 
comprehensive cancer center. Demographic, clinical, and outcome 
variables were analyzed for patients with a hematologic malignancy 
who underwent CPR. Results: Of 258 patients, 60.1% had leukemia. 
Outcomes included return of spontaneous circulation (70.2%), hospital 
survival (12%), and 90-day, 6-month, and 1-year survival rates of 9.8%, 
8.2%, and 5.9%, respectively. Factors associated with hospital mortality 
included establishing a do not resuscitate order after CPR (p < .0001), 
location of CPR (p = .0004), cause of arrest (p = .0019), requiring va-
sopressors (p = .0130), mechanical ventilation (p = .0423), and acute 
renal failure post CPR (p = .0006). Although no difference in hospital 
survival between leukemia and non-leukemia patients was found, more 
non-leukemia patients were alive at 90 days (p = .0099), 6 months  
(p = .0023), and 1 year (p = .0119). Conclusions: Factors including organ 
dysfunction, location of CPR, and cause of arrest are associated with 
hospital mortality post CPR. However, immediate survival post CPR 
does not seem to be affected by a diagnosis of leukemia. These data 
should assist health care providers with discussions regarding advance 
care planning and goals of care after cardiac arrest. 
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C ardiopulmonary resuscitation (CPR) 
can be a life-saving intervention in the 
right patient population. Up to 209,000 
people are treated for in-hospital car-

diac arrest (IHCA) each year, with a survival rate 
to hospital discharge of 24.8% (Benjamin et al., 
2019). Although outcomes post IHCA have im-
proved since the early 2000s, most likely due to 
earlier initiation of CPR and better-quality CPR 
(Andersen et al., 2019), evaluating variables that 
impact survival continues to be important to as-
sist with end-of-life or advance care planning dis-
cussions. Over time, multiple studies have dem-
onstrated low survival rates post cardiac arrest 
in cancer patients when compared to the general 
population (Ballew et al., 1994; Bedell et al., 1983; 
Ebell & Preston, 1993; Ewer et al., 2001; Merja et 
al., 2015; Schwenzer et al., 1993; Taffet et al., 1988). 
Conflicting data exist regarding the type of malig-
nancy and the impact on outcomes post CPR, with 
older data suggesting that patients with hemato-
logic malignancies have worse outcomes (Reis-
field et al., 2006; Sheldon, 2010; Zafar et al., 2017). 
However, more recent data suggest that the type 
of malignancy does not have an impact on survival 
post CPR (Finan et al., 2017).

In our current environment with rising medi-
cal costs, offering appropriate and non-futile care 
is of great importance. This should include resus-
citation measures in high-risk populations such 
as patients with hematologic malignancies. How-
ever, as outcomes of patients with hematologic 
cancer improve (Cronin et al., 2018), having recent 
and pertinent data to support medical decisions 
regarding CPR is important. A better understand-
ing of factors that affect short- and long-term sur-
vival of patients with hematologic malignancy 
who undergo CPR can inform and guide provid-
ers, patients, and family members when address-
ing goals of care. The objective of this study is to 
describe short- and long-term outcomes of hema-
tologic malignancy patients after cardiac arrest, 
and evaluate factors that may predict mortality 
post arrest.

METHODS
The University of Texas MD Anderson Cancer 
Center is the largest freestanding comprehensive 
cancer center in the world treating only cancer 

patients and with an average of 28,000 hospital 
admissions per year. Cardiopulmonary resuscita-
tion services and emergency medical responses 
within the institution are referred to as “Code 
Blues.” Events triggering a Code Blue include un-
responsiveness, apnea, absence of palpable pulse, 
physical distress, and/or requests for help due to 
difficulty of breathing. A Code Blue team consist-
ing of physicians, pharmacists, and critical care 
nurses trained to evaluate, treat, and triage these 
emergencies responds to all Code Blue calls at the 
institution. Each team activation is logged, and in-
terventions during the event are documented. 

Code Blue activations between January 2011 
and December 2015 were retrospectively re-
viewed for this study. Only records documenting a 
loss of pulse and need for CPR in patients with un-
derlying hematologic malignancies were included 
in this study. Within the leukemia group, patients 
with chronic and acute leukemias were included, 
as well as patients with high-risk myelodysplas-
tic syndrome due to their high risk for leukemic 
transformation. In patients with multiple cardiac 
arrest events, only the initial event was included in 
the analysis. Patients with solid tumors, without 
cancer, younger than 18 years old, or who had no 
CPR during the Code Blue call were not included 
in the study. 

All data were collected in REDCap (Harris et 
al., 2009). Patient characteristics included age, 
gender, cancer diagnosis, disease status, chemo-
therapy history, presence of neutropenia, and 
Charlson Comorbidity Index (CCI; Charlson 
et al., 1987). Cardiopulmonary resuscitation–
specific data included hospital location at time 
of the arrest, duration of CPR, initial rhythm, 
and whether return of spontaneous circulation 
(ROSC) was achieved. Progress notes were re-
viewed to determine the probable cause of arrest. 
If ROSC was achieved, data on need for intensive 
care unit (ICU) admission, mechanical ventila-
tion, and vasopressors, as well as the develop-
ment of acute renal failure (ARF) were collected. 
A do not resuscitate (DNR) order placed post 
ROSC was also documented. Outcomes collect-
ed included ROSC and survival at hospital dis-
charge, 90 days, 6 months, and 1 year. Intensive 
care unit and hospital length of stay (LOS) were 
also evaluated. 
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Statistical Analysis 
A subgroup analysis was conducted on all patients 
within the data set labeled as having hematologic 
cancer. Summary statistics, including mean, stan-
dard deviation, median, and range for continu-
ous variables, such as age and duration of CPR in 
minutes, frequency counts and percentages for 
categorical variables such as gender, hematologic 
type, appropriate CPR, and mortality, were report-
ed. Fisher’s exact test or chi-squared test was used 
to evaluate the association between two categori-
cal variables. Wilcoxon rank-sum test was used to 
evaluate the difference in continuous variables be-
tween patient groups. Multivariate logistic regres-
sion model was used to assess the effects of impor-
tant covariates on mortality at hospital discharge. 
Statistical software SAS 9.4 (SAS, Cary, NC) and R 
(version 3.4.0) were used for all the analyses.

RESULTS
General Characteristics of Hematologic 
Patients Post Cardiac Arrest
A total of 512 patients had documented CPR dur-
ing the 5-year time period. Of those, 258 patients 
(50.4%) had hematologic malignancies. The ma-
jority of hematologic malignancy patients were 
male (57.4%), had a CCI ≥ 4 (69.7%), and was 55.7 ± 
17.03 years old (Table 1). Sixty percent of patients 
had leukemia, including those with a diagnosis of 
acute myeloid leukemia (28.7%), acute lymphoid 
leukemia (13.2%), chronic leukemias (11.6%), and 
myelodysplastic syndrome (10.5%). Non-leuke-
mia diagnoses included non-Hodgkin lymphoma 
(19%), multiple myeloma (10.5%), and Hodgkin 
lymphoma (2.7%). 

The majority of patients (86.8%) had active 
disease at the time of the arrest; 41.5% of patients 
had received chemotherapy within 10 days of CPR, 
and 41.5% had severe neutropenia. Cardiac arrest 
occurred on average within 18.36 ± 21.19 days of 
hospital admission. Cardiopulmonary resuscita-
tion most commonly occurred in the ICU (53.5%) 
or on inpatient floors (38.4%). A cause for the ar-
rest was identified in 69.8% of patients. A primary 
cardiac event was found to be the cause of arrest 
in 22.1%, multiorgan failure in 20.5%, a respira-
tory event in 15.5%, and 11.6% due to other causes. 
An initial rhythm at the time of arrest was docu-
mented in 90.7% of cases. Non-shockable rhythms 

of asystole and pulseless electrical activity (PEA) 
were the most common initial rhythm (82.9%), 
with PEA comprising the majority (70.4%). Shock-
able rhythms of ventricular tachycardia and ven-
tricular fibrillation only occurred in 20 patients 
(7.8%). The median duration of CPR was 10 min-
utes (range: 1–60 minutes).

Short- and Long-Term Outcomes Post 
Cardiac Arrest of Hematologic Patients 
Return of spontaneous circulation was achieved 
in 70.2% of the 258 hematologic patients who un-
derwent CPR (Table 2). Post CPR, 86% of patients 
required mechanical ventilation, 83.3% vasopres-
sors, and 60.5% developed ARF (Table 1). A DNR 
was established post CPR in 49.6% of all patients 
(70.2% of patients that had ROSC). Thirty-one 
patients (12%) survived hospital discharge. Two 
patients were lost to follow-up at 90 days and 6 
months, and 3 patients at 1 year. Long-term surviv-
al included 25 (9.8%) patients at 90 days, 21 (8.2%) 
at 6 months, and 15 (5.9%) at 1 year (Table 2). 

Survival at hospital discharge was not asso-
ciated with age, gender, CCI, disease remission, 
stem cell transplant status, recent chemotherapy, 
or neutropenic status at time of CPR. Develop-
ment of ARF (64.3% vs. 32.3%; p = .0006), requir-
ing mechanical ventilation (87.7% vs. 74.2%; p = 
.0423) and requiring vasopressors (85.5% vs. 67.7%;  
p = .0130) were associated with hospital mortal-
ity. Survival rates at hospital discharge were sig-
nificantly different among patients who received 
CPR in the ICU, in the emergency department, 
on the medical floors, and at other hospital sites 
(p = .0004). A shockable rhythm at the time of ar-
rest was associated with survival. Additionally, of 
those patients in whom the cause of the arrest was 
known, cardiac and respiratory events were more 
likely to occur in those who survived, while mul-
tiorgan failure was more likely in those who died  
(p = 0.0019). Hospital mortality was associated 
with a longer duration of CPR (10 [1–60] vs. 6 [1–24] 
minutes; p = .0103) and longer hospital stay prior 
to the arrest (11 [1–112] vs. 6 [1–99] days; p = .0472). 
Establishing a DNR post CPR was significantly as-
sociated with hospital mortality (55.1% vs. 9.7%;  
p < .0001). When compared to patients who did not 
survive hospital discharge, those who were alive 
at hospital discharge had longer ICU and hospi-
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Table 1. �General Characteristics of Hematologic Patients Post Cardiac Arrest and Survival at  
Hospital Discharge

Variable
All patients 
(n = 258) 

Hospital death 
(n = 227; 88%) 

Hospital survival  
(n = 31; 12%) p value

Gender (female) 110 (42.6%) 96 (42.3%) 14 (45.2%) .7618

Age (years)a 55.70 ± 17.03 55.77 ± 16.37 55.23 ± 21.59 .7139

Hematologic diagnosis

Leukemia 155 (60.1%) 141 (62.1%) 14 (45.2%) .0706

Non-leukemia 103 (39.9%) 86 (37.9%) 17 (54.8%)

Active disease (not in remission)a 224 (86.8%) 198 (87.2%) 26 (83.9%) .5755

Recent chemotherapy  
(< 10 days from CPR)

107 (41.5%) 92 (40.5%) 15 (48.4%) .4048

Severe neutropeniaa (ANC < 500) 107 (41.5%) 96 (42.3%) 11 (35.5%) .4706

Stem cell transplant (yes)a 89 (34.5%) 79 (34.8%) 10 (32.3%) .7799

Co-morbidity index ≥ 4a 180 (69.7%) 158 (69.6%) 22 (71%) .8767

DNR after CPR 128 (49.6%) 125 (55.1%) 3 (9.7%) < .0001

Mechanical ventilation 222 (86%) 199 (87.7%) 23 (74.2%) .0423

Vasopressors 215 (83.3%) 194 (85.5%) 21 (67.7%) .013

Acute renal failure 156 (60.5%) 146 (64.3%) 10 (32.3%) .0006

ICU length of stay (days)b 3 (1–78) 3 (1–69) 9 (2–78) < .0001

Hospital length of stay (days)b 15 (1–158) 13 (1–134) 31 (3–158) .0002

Location of CPR          

ICU 138 (53.5%) 129 (56.8%) 9 (29.1%) .0004

Inpatient floor 99 (38.4%) 82 (36.1%) 17 (54.8%)

Emergency Center 15 (5.8%) 14 (6.1%) 1 (3.2%)

Other 6 (2.4%) 2 (0.9%) 4 (12.9%)

Cause of the arrest       

Cardiac event 57 (22.2%) 45 (19.8%)   12 (38.7%) .0019

Multi-organ failure 53 (20.5%) 52 (22.9%) 1 (3.2%)

Respiratory event 40 (15.5%) 31 (13.7%)  9 (29%)

             Other 30 (11.6%) 28 (12.3%)    2 (6.5%)

Initial rhythm               

Asystole/PEA 214 (82.9%) 195 (85.9%) 19 (61.3%) .0397

VT/VF 20 (7.8%) 15 (6.6%) 5 (16.1%)

Duration of CPR (minutes)b 10 (1–60) 10 (1–60) 6 (1–24) .0103

Days between hospital admission  
to CPRb

10 (1–112) 11 (1–112) 6 (1–99) .0472

Note. Bold indicates statistical significance. ANC = absolute neutrophil count; CPR = cardiopulmonary resuscitation; 
DNR = do not resuscitate; ICU = intensive care unit; PEA = pulseless electrical activity; VT = ventricular tachycardia; VF 
= ventricular fibrillation. 
aAt time of arrest. 
bMedian (min–max).
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tal LOS. On multivariate analysis adjusted to the 
presence of mechanical ventilation and rhythm at 
time of CPR, the odds of mortality at hospital dis-
charge for the patients with ARF was 3.248 times 
higher than those without ARF (95% confidence 
interval [CI] = 1.256–8.402; p = .0151). 

Cause of arrest, initial rhythm, location of 
CPR, development of ARF, and use of vasopressors 
were significantly associated with mortality at 90 
days, 6 months, and 1 year (Table 3). Longer dura-
tion of CPR and longer hospital stay prior to the 
arrest were also significantly associated with mor-
tality at 90 days, 6 months, and 1 year. Mechanical 
ventilation was significantly associated with sur-
vival at 6 months and 1 year, but not at 90 days. 

Impact of the Type of Hematologic 
Malignancy on CPR Outcomes
To further evaluate the effects of the type of he-
matologic malignancy on survival post CPR, the 
patient population was grouped into those with a 
leukemia and non-leukemia diagnosis. There were 
155 (60.1%) patients with a diagnosis of leukemia 
and 103 patients (39.9%) with a non-leukemia di-
agnosis. No significant differences in age, gender, 
remission status, recent chemotherapy, or CCI 
were observed between patients with leukemia 
and those without leukemia (Table 4). 

Patients with leukemia were more likely to 
be neutropenic (47.7% vs. 32%; p = .0122), but less 
likely to have received a stem cell transplant (27.7% 
vs. 44.7%; p = .0051). Location of CPR was not sta-
tistically different between patients with leukemia 
and patients without leukemia (p = .1975). While 
the leading cause of arrest was multiorgan failure 
in the leukemia patients and cardiac events in the 

non-leukemia group, the difference in cause of ar-
rest between both groups did not reach statistical 
significance. The rhythm at the time of arrest, du-
ration of CPR, and time from hospital admission 
to the arrest were not different between the two 
groups (p > .05). Additionally, no differences were 
found between the two groups regarding the need 
for mechanical ventilation or vasopressors, or the 
development of ARF.

Non-leukemia patients were more likely to 
achieve ROSC (77.7% vs. 65.2%; p = .0315), and 
while there was a trend towards increased sur-
vival at hospital discharge in the non-leukemia 
group, the difference did not reach statistical sig-
nificance (16.5% vs. 9%; p = .0706; Table 2). Addi-
tionally, there was no difference observed in the 
number of patients being made DNR post CPR 
(53.4% vs. 47.1%; p = .3215), nor in the number 
of patients who died due to withdrawal of care 
(46.5% vs. 46.5%; p = .4867). Of those who survived 
hospital discharge, fewer patients with leukemia 
were discharged home than in the non-leukemia 
group (57.1% vs. 76.5%; p = .0319). Survival at 90 
days (5.8% vs. 15.5%; p = .0099), 6 months (3.9% 
vs. 14.6%; p = .0023), and 1 year (2.6% vs. 10.8%; 
p = .0119) were significantly lower in leukemia 
patients (Table 2). Despite these differences in 
survival, a similar percentage of patients in both 
groups received cancer therapy post CPR (9.7% vs. 
12.6%; p = .4676). 

DISCUSSION
Previous publications reporting post CPR out-
comes in cancer patients are small studies, with 
heterogeneous groups as they combine patients 
with both solid and hematologic cancers and in-

Table 2. �Short- and Long-Term Outcomes of Leukemia and Non-Leukemia Patients Post Cardiac Arrest

Outcomes All patients (n = 258) Leukemia  (n = 155) Non-leukemia (n = 103) p value

ROSC 181 (70.2%) 101 (65.2%) 80 (77.7%) .0315

Hospital survival 31 (12%) 14 (9%) 17 (16.5%) .0706

90-day survival 25 (9.8%) 9 (5.8%) 16 (15.5%) .0099

6-month survival 21 (8.2%) 6 (3.9%) 15 (14.6%) .0023

1-year survival 15 (5.9%) 4 (2.6%) 11 (10.8%) .0119

Received cancer therapy 
post arrest

28 (10.9%) 15 (9.7%) 13 (12.6%) .4676

Note. Bold indicates statistical significance. ROSC = return of spontaneous circulation.
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clude both inpatient and out-of-hospital arrests. 
This study is the first to look at only hospitalized 
hematologic patients and to evaluate both short- 
and long-term outcomes after CPR. This study 
found higher rates of ROSC, hospital discharge, 
and long-term survival when compared to prior 
literature. Variables such as location of the ar-
rest (e.g., ICU) and underlying multiorgan failure, 
but not a diagnosis of leukemia, were associated 
with increased mortality. The findings of the study 
could be used to support medical decisions and 
discussions regarding CPR in the inpatient setting. 

In this study, 70.2% of hematologic patients 
achieved ROSC, which is higher than previously 
reported rates of 2% to 25% (Reisfield et al., 2006; 
Vitelli et al., 1991). Data published by The Univer-
sity of Texas MD Anderson Cancer Center looking 
at survival post CPR 2 decades ago demonstrated 
an ROSC rate as low as 37%, with the highest mor-
tality occurring in the leukemia patient popula-
tion (Wallace et al., 2002). Besides having a high-
er ROSC rate, the data from this study showed a 
higher survival to hospital discharge (12%) com-
pared to other reports of 0 to 9% (Khasawneh et 

al., 2013; Reisfield et al., 2006; Vitelli et al., 1991; 
Wallace et al., 2002). Although quality of CPR was 
not evaluated, outcomes have clearly improved 
and such findings could be associated to institu-
tional efforts over time including a rapid response 
team, decreasing time to CPR, and education to 
improve quality of CPR. 

Similar to other published data, mortality was 
higher in patients with a non-shockable rhythm 
(Ballew et al., 1994; Champigneulle et al., 2015; 
Doig et al., 2000; Meaney et al., 2010; Peberdy et 
al., 2003). A shockable initial rhythm occurred in 
7.8% of study participants, which is similar to the 
4.9% to 17% range found in the literature (Bruck-
el et al., 2017; Wallace et al., 2002). The data are 
also consistent with other reports suggesting that 
a shorter duration of CPR is a predictor of hos-
pital survival (Khasawneh et al., 2013). Another 
consistent finding was the association of cause 
of arrest and hospital mortality (Champigneulle 
et al., 2015; Sculier & Markiewicz, 1993; Vitelli et 
al., 1991). Ewer and collegaues (2001) offer an ex-
planation when they evaluated the difference in 
outcomes of CPR when a cardiac arrest was ex-

Table 3. Factors Associated With Long-Term Outcomes in Hematologic Patients

90 daysa 6 monthsa 1 yearb

Dead 
(n = 231)

Alive 
(n = 25) p value 

Dead  
(n = 234)

Alive  
(n = 21) p value 

Dead  
(n = 240)

Alive  
(n = 15) p value 

Cause of the arrest 
(multiorgan failure) 

52 
(22.5%)

1  
(4%)

.0024 53 
(22.6%)

0 .0001 53 
(22.6%)

0 .0019

Location of CPR 
(ICU)

131 
(56.7%)

6  
(24%)

.0018 133 
(56.6%)

4  
(16%)

.0002 135 
(56.3%)

2 
(13.3%)

.0001

Initial rhythm 
(asystole/PEA) 

199 
(86.2%)

13  
(52%) 

.0118 202 
(85.9%)

10 
(47.6%)

.0049 206 
(85.8%)

6  
(40%)

.0061

Mechanical 
ventilation

202 
(87.4%)

19  
(76%)

.1136 206 
(87.7%)

15 
(71.4%)

.0389 210 
(87.5%)

10 
(66.7%)

.0394

Vasopressors 197 
(85.3%) 

17  
(68%)

.0267 201 
(85.5%)

10 
(47.6%)

.0049 205 
(85.4%)

9  
(60%)

.0093

Acute renal failure 148 
(64.1%)

7  
(28%)

.0005 150 
(63.8%)

5 
(23.8%)

.0007 151 
(62.9%)

3  
(20%)

.0017

Duration of CPR 
(minutes)c 

10 (1–60) 7 (1–21) .0155 10 (1–60) 7 (1–20) .0402 10 (1–60) 6 (1–15) .0258

Days between 
hospital admission 
to CPRc  

11 (1–112) 4 (1–45) .0187 1 (11–112) 3 (1–39) .004 11 (1–112) 3 (1–39) .0183

Note. Bold indicates statistical significance. CPR = cardiopulmonary resuscitation; PEA = pulseless electrical activity.  
a2 lost to follow-up 
b3 lost to follow-up  
cMedian (min-max)
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pected vs. not expected. Cancer patients in multi-
organ failure and with no DNR status who arrest 
will undergo CPR and are not expected to survive. 
However, those cancer patients who have an un-
expected sudden event are more likely to have had 
a cardiac or respiratory cause of arrest and have 
a higher likelihood of survival. Similar to a meta-
analysis of 42 studies on CPR outcomes in cancer 
patients (Reisfield et al., 2006), it was found that 

location of CPR was also associated with hospital 
mortality. This could be related to the cause of ar-
rest. Most patients in the ICU are more likely to 
have CPR due to multiorgan failure and not due 
to a primary cardiac or respiratory event. The im-
pact of multiorgan failure on short- and long-term 
survival was similar to other published data in he-
matologic patients. Patients who developed ARF 
or required mechanical ventilation or vasopressor 

Table 4. �Characteristics of Hematologic Patients Post Cardiac Arrest: Leukemia and Non-Leukemia 

Leukemia  
(n = 155; 60.1%)

Non-Leukemia  
(n = 103; 39.9%) p value

Gender (female) 71 (45.8%) 39 (37.9%) .2065

Age (years)a 54.45 ± 18.2 57.58 ± 15 .3668

Stem cell transplant (yes)a 43 (27.7%) 46 (44.7%) .0242

Active disease (not in remission)a 135 (87.1%) 89 (86.4%) .8727

Recent chemotherapy (< 10 days from CPR) 67 (43.2%) 40 (38.8%) .4833

Severe neutropeniaa (ANC < 500) 74 (47.7%) 33 (32%) .0051

Co-morbidity index ≥ 4a 105 (67.7%) 75 (72.8%) .3848

Mechanical ventilation 135 (87.1%) 87 (84.5%) .5503

Vasopressors 132 (85.2%) 83 (80.6%) .3338

Acute renal failure 99 (63.9%) 57 (55.3%) .1699

ICU length of stay (days)b 3 (1–78) 3 (1–29) .4977

Hospital length of stay (days)b 14 (1–158) 16 (1–87) .5906

Location of CPR          

ICU 91 (58.7%) 47 (45.6%) .1975

Inpatient floor 52 (33.5%) 47 (45.6%)

Emergency center 9 (5.8%) 6 (5.8%)

Other 3 (1.9%) 3 (2.9%)

Cause of the arrest       

Cardiac event 30 (19.4%) 27 (26.2%) .2605

Multiorgan failure 36 (23.2%) 17 (16.5%)

Respiratory event 28 (18.1%) 12 (11.7%)

Other 19 (12.3%) 11 (10.7%)

Initial rhythm

Asystole/PEA 132 (85.2%) 82 (79.6%) .0586

VT/VF 8 (5.2%) 12 (11.7%)

Duration of CPR (minutes)b 11 (1–56) 8 (1–60) .0529

Days between hospital admission to CPRb 10 (1–112) 9 (1–87) .2239

Note. Bold indicates statistical significance. CPR = cardiopulmonary resuscitation; DNR = do not resuscitate; ICU = 
intensive care unit; PEA = pulseless electrical activity; VT = ventricular tachycardia; VF = ventricular fibrillation.  
aAt time of arrest 
bMedian (min–max)
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therapy have higher hospital mortality and low 
long-term survival (Al-Zubaidi et al., 2018; Azou-
lay et al., 2013; Cornish et al., 2016; de Vries et al., 
2019; Grgić Medić et al., 2015; Soares et al., 2010).

When evaluating long-term outcomes, this 
study showed a 90-day, 6-month, and 1-year 
survival of 9.8%, 8.9%, and 5.9%, respectively. 
Champigneulle and colleagues (2015) reported a 
6-month survival rate of 14% in hematologic pa-
tients post CPR; however, the sample size was 
small (n = 52) and did not include CPR occurring 
in the ICU. Moreover, the study did not examine 
the impact of the type of hematologic malignan-
cy on long-term survival. Varon and colleagues 
(1998) reported a 3.6% survival rate for 35 hema-
tologic patients post CPR at both 6 months and 1 
year. The higher survival rates in this study may be 
explained by overall improved outcomes for can-
cer patients in general (Cronin et al., 2018; Jemal 
et al., 2017). Cancer therapies have evolved with 
the use of targeted therapies and immunothera-
pies, and while they continue to have significant 
toxicities, in many cases, these are reversible and 
improve short- and long-term survival (Locke et 
al., 2019; Marin-Acevedao et al., 2019; Maude et 
al., 2018). Moreover, outcomes for critically ill 
patients with hematologic malignancies have im-
proved, with a recent multicenter study demon-
strating a 37.6% 1-year survival rate (Cornish et 
al., 2016). Therefore, as overall outcomes in the 
hematologic population continue to improve, in 
a select patient population, supportive care in the 
ICU post arrest could have an impact on overall 
survival once ROSC is achieved. 

Data suggesting the impact of a leukemia di-
agnosis in outcomes post CPR vary (Reisfield et 
al., 2006; Wallace et al., 2002). It should be not-
ed that earlier studies were performed at a time 
when outcomes of acutely ill leukemia patients 
were still dire. In this study, although leukemia 
patients were less likely to achieve ROSC, there 
was no difference in hospital survival. These re-
sults are interesting, especially considering that 
leukemia patients were more likely to arrest in the 
ICU and have multiorgan failure as the cause of 
arrest. The similar hospital survival rates could be 
due to the similarities in initial rhythm, time from 
hospital admission to arrest, and duration of CPR, 
all of which are significant factors in overall CPR 

survival (Ballew et al., 1994; Champigneulle et al., 
2015; Doig et al., 2000; Khasawneh et al., 2013, 
Meaney et al., 2010; Peberdy et al., 2003). 

Moreover, factors associated with increased 
mortality in oncologic patients such as the develop-
ment of ARF and the need for mechanical ventila-
tion and vasopressors were similar in both leukemia 
and non-leukemia patients (Al-Zubaidi et al., 2018; 
Azoulay et al., 2013; Cornish et al., 2016; de Vries 
et al., 2019; Grgić Medić et al., 2015; Khasawneh et 
al., 2013; Soares et al., 2010). Long-term outcomes 
were better in non-leukemia patients (90 days, 6 
month, and 1 year), but no risk factors predictive 
of mortality prior to the arrest were identifiable. It 
begs the question if the malignancy itself has an ef-
fect on long-term survival, rather than the cardiac 
arrest event. However, if this were considered a 
possibility, no difference was found in remission 
state, recent chemotherapy, DNR status, or cancer 
treatment received post CPR, all of which could in-
directly determine the state and treatability of the 
disease. It was observed that a lower percentage of 
leukemia patients were discharged home, which 
may reflect on a poor functional status, a factor that 
has been associated with lower survival (Vitelli et 
al., 1991). Moreover, recent data suggest that leu-
kemia patients are known to have lower long-term 
survival when compared to other hematologic ma-
lignancies (de Vries et al., 2019), findings which 
may further explain the results. In future work, 
evaluating more specific markers of disease state 
may be warranted to better identify the role of spe-
cific underlying malignancies in long-term survival 
post CPR. 

Limitations
This study has several limitations. Although it is 
the first to evaluate post-arrest outcomes in pa-
tients with hematologic malignancies, this was a 
single-center retrospective study. Moreover, the 
study was conducted at a comprehensive cancer 
center where the aggressive approach to treat-
ment and the willingness to support full code 
status in these patients may influence the study 
results. As with other studies evaluating post-
arrest outcomes, patients who have a DNR status 
at the time of arrest were not included and thus 
may influence survival outcomes. Despite these 
limitations, the results of the study demonstrate 
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that performing CPR in patients with hemato-
logic malignancies should not be considered fu-
tile. However, identifying the risk factors for poor 
short- and long-term outcomes, such as admission 
to the ICU and multiorgan failure, should further 
aid health-care providers in discussing long-term 
quality of life and expectations of further cancer 
care with patients and families.

CONCLUSIONS
This is the first study to evaluate long-term out-
comes in post CPR patients with hematologic 
malignancies and the impact of a leukemia di-
agnosis on outcomes. The higher rates of ROSC 
and hospital survival demonstrated in this study 
may be reflective of the overall improvement in 
outcomes of hematologic malignancies. Factors 
including organ dysfunction, location of CPR, 
and cause of arrest are associated with hospital 
mortality post CPR. However, immediate sur-
vival post CPR does not seem to be affected by 
a diagnosis of leukemia. These data can be used 
to assist health-care providers in their ongoing 
discussions of goals of care with patients and 
families. Additional post CPR studies specific to 
patients with hematologic malignancies are war-
ranted to validate the study findings. l

Disclosure
This work was supported by the National Insti-
tutes of Health through Cancer Center Support 
Grant P30CA016672. 

References
Al-Zubaidi, N., Shehada, E., Alshabani, K., ZazaDitYafawi, J., 

Kingah, P., & Soubani, A. O. (2018). Predictors of outcome 
in patients with hematologic malignancies admitted to 
the intensive care unit. Hematology Oncology and Stem 
Cell Therapy, 11(4), 206–218. https://doi.org/10.1016/j.he-
monc.2018.03.003 

Andersen, L. W., Holmberg, M. J., Berg, K. M., Donnino, M. 
W., & Granfeldt, A. (2019). In-hospital arrest: A review. 
Journal of the American Medical Association, 321(12), 
1200–1210. https://doi.org/10.1001/jama.2019.1696 

Azoulay, E., Mokart, D., Pene, F., Lamber, J., Kouatchet, A., 
Mayaux, J.,…Lemiale V. (2013). Outcomes of critically 
ill patients with hematologic malignancies: Prospective 
multicenter data from France and Belgium—A Groupe 
de Recherche Respiratoire en Réanimation Onco-Hé-
matologique Study. Journal of Clinical Oncology, 31(22), 
2810–2818. https://doi.org/10.1200/JCO.2012.47.2365 

Ballew, K. A., Philbrick, J. T., Caven, D. E., & Schorling, J. B. 
(1994). Predictors of survival following in-hospital car-

diopulmonary resuscitation: A moving target. Archives 
of Internal Medicine, 154(21), 2426–2432. https://doi.
org/10.1001/archinte.1994.00420210060007 

Bedell, S. E., Delblanco, T. L., Cook, E. K., & Epstein, F. H. 
(1983). Survival after cardiopulmonary resuscitation in 
the hospital. New England Journal of Medicine, 309, 569–
576. https://doi.org/10.1056/NEJM198309083091001 

Benjamin, E. J., Muntner, P., Alonso, A., Bittencourt, M. S., Cal-
laway, C. W., Carson, A. P.,…Virani, S. S. (2019). Heart dis-
ease and stroke statistics – 2019 update: A report from the 
American Heart Association. Circulation, 139(10), e56–
e528. https://doi.org/10.1161/CIR.0000000000000659 

Bruckel, J. T., Wong, S. L., Chan, P. S., Bradley, S. M., & Nal-
lamothu, B. K. (2017). Patterns of resuscitation care and 
survival after in-hospital cardiac arrest in patients with 
advanced cancer. Journal of Oncology Practice, 13(10), 
e821–e830. https://doi.org/10.1200/JOP.2016.020404 

Champigneulle, B., Merceron, S., Lemiale, V., Geri. G., Mo-
kart, D., Bruneel, F.,…Azoulay, E. (2015). What is the 
outcome of cancer patients admitted to the ICU after 
cardiac arrest? Results from a multicenter study. Resus-
citation, 92, 38–44. https://doi.org/10.1016/j.resuscita-
tion.2015.04.011 

Charlson, M. E., Pompei, P., Ales, K. L., & MacKenzie, C. R. 
(1987). A new method of classifying prognostic comor-
bidity in longitudinal studies: Development and valida-
tion. Journal of Chronic Diseases, 40(5), 373–383. https://
doi.org/10.1016/0021-9681(87)90171-8 

Cornish, M., Butler, M. B., & Green, R. S. (2016). Predictors 
of poor outcomes in critically ill adults with hemato-
logic malignancy. Canadian Respiratory Journal, 2016, 
9431385. https://doi.org/10.1155/2016/9431385 

Cronin, K. A., Lake, A. J., Scott, S., Sherman, R. L., Nonne, A. 
M., Howlader, N., & Henley, S. J. (2018). Annual report 
to the nation on the status of cancer, part I: National 
cancer statistics. Cancer, 124(1), 2785–2800. https://doi.
org/10.1002/cncr.31551 

de Vries, V. A., Müller, M. C. A., Arbous, M. S, Sesmu, M., Bie-
mond, B. J., Blijlevens, N. M. A.,…van den Bergh, W. M. 
(2019). Long-term outcome of patients with a hemato-
logic malignancy and multiple organ failure admitted at 
the intensive care. Critical Care Medicine, 47(2), e120–
e128. https://doi.org/10.1097/CCM.0000000000003526 

Doig, C. J., Boiteau, P. J., & Sandham, J. D. (2000). A 2-year 
prospective cohort study of cardiac resuscitation in 
a major Canadian hospital. Clinical and Investigative 
Medicine, 23(2), 132–143. https://pubmed.ncbi.nlm.nih.
gov/10852663/

Ebell, M. H., & Preston, P. S. (1993). The effect of the 
APACHE II score and selected clinical variables on sur-
vival following cardiopulmonary resuscitation. Family 
Medicine, 25(3), 191–196. https://pubmed.ncbi.nlm.nih.
gov/8458561/

Ewer, M. S., Kish, S. K., Martin, C. G., Price, K. J., & Feeley, 
T. (2001). Characteristics of cardiac arrest in cancer 
patients as a predictor of survival after cardiopulmo-
nary resuscitation. Cancer, 92(7), 1905–1912. https://
doi.org/10.1002/1097-0142(20011001)92:7<1905::aid-
cncr1708>3.0.co;2-6 

Finan, M., Stoudt, K., Canecchia, L., Kostelecky, N., Tan, K. 
S., Pastores, S. M.,…Chawla, S. (2017). Suitability and 
outcomes of cardiopulmonary resuscitation in cancer 
patients at a tertiary oncology center. American Jour-



714J Adv Pract Oncol AdvancedPractitioner.com

WARREN et al.RESEARCH & SCHOLARSHIP

nal of Respiratory Critical Care, 195, A5035. https://
www.atsjournals.org/doi/pdf/10.1164/ajrccm-confer-
ence.2017.195.1_MeetingAbstracts.A5035 

Grgić Medić, M., Gornik, I., & Gašparović, V. (2015). He-
matologic malignancies in the medical intensive care 
unit–Outcomes and prognostic factors. Hematol-
ogy, 20(5), 247–253. https://doi.org/10.1179/160784541
4Y.0000000206 

Harris, P. A., Taylor, R., Thielke, R., Payne, J., Gonzalez, N., 
& Conde, J. G. (2009). Research electronic data capture 
(REDCap) - A metadata-driven methodology and work-
flow process for providing translational research infor-
matics support. Journal of Biomedical Informatics, 42(2), 
377–381. https://doi.org/10.1016/j.jbi.2008.08.010 

Jemal, A., Ward, E. M., Johnson, C. J., Cronin, K. A., Ma, J., 
Ryerson, A. B.,…Weir, H. K. (2017). Annual report to the 
nation on the status of cancer, 1975-2014, featuring sur-
vival. Journal of the National Cancer Institute, 109(9). 
https://doi.org/10.1093/jnci/djx030 

Khasawneh, F. A., Kamel, M. T., & Abu-Zaid, M. (2013). Pre-
dictors of cardiopulmonary arrest outcome in a compre-
hensive cancer center intensive care unit. Scandinavian 
Journal of Trauma, Resuscitation and Emergency Medi-
cine, 21, 18. https://doi.org/10.1186/1757-7241-21-18 

Locke, F. L., Ghobadi A., Jacobson, C. A., Miklos, D. N., Leka-
kis, L. J., Oluwole, O. O.,…Neelapu S. (2019). Long-term 
safety and activity of axicabtagene ciloleucel in refracto-
ry large B-cell lymphoma (ZUMA-1): A single-arm, mul-
ticentre, phase 1-2 trial. Lancet Oncology, 20(1), 31–42. 
https://doi.org/10.1016/S1470-2045(18)30864-7 

Marin-Acevedao, J. A., Chirila, R. M., & Dronca, R. S. (2019). 
Immune checkpoint inhibitor toxicities. Mayo Clinic 
Proceedings, 94(7), 1321–1329. https://doi.org/10.1016/j.
mayocp.2019.03.012 

Maude, S. L., Laetsch, T. W., Buechner, J., Rives, S., Boyer, M., 
Bittencourt, H.,…Grupp, S. A. (2018). Tisagenlecleucel in 
children and young adults with B-cell lymphoblastic eu-
kemia. New England Journal of Medicine, 378(5), 439–48. 
https://doi.org/10.1056/NEJMoa1709866 

Meaney, P. A., Nadkarni, V. M., Kern, K. B., Indik, J. H., 
Halpern, H. R., & Berg, R. A. (2010). Rhythms and 
outcomes of adult in-hospital cardiac arrest. Critical 
Care Medicine, 38(1), 101–108. https://doi.org/10.1097/
CCM.0b013e3181b43282 

Merja, S., Lilien, R. H., & Ryder, H. F. (2015). Clinical predic-
tion rule for patient outcome after in-hospital CPR: A 
new model, using characteristics present at hospital ad-
mission, to identify patients unlikely to benefit from CPR 
after in-hospital cardiac arrest. Palliative Care and Social 
Practice, 9, 9–27. https://doi.org/10.4137/PCRT.S28338 

Peberdy, M. A., Kaye, W., Ornato, J. P., Larkin, G. L., Nadkarni, 
V., Mancini, M. E.,…Lane-Truitt, T. (2003). Cardiopul-

monary resuscitation of adults in the hospital: A report 
of 14720 cardiac arrests from the National Registry of 
Cardiopulmonary Resuscitation. Resuscitation, 58(3), 
297–308. https://doi.org/10.1016/s0300-9572(03)00215-6 

Reisfield, G. M., Wallace, S. K., Munsell, M. F., Webb, F. J., 
Alvarez, E. R, & Wilson, G. R. (2006). Survival in cancer 
patients undergoing in-hospital cardiopulmonary resus-
citation: A meta-analysis. Resuscitation, 71(2), 152–160. 
https://doi.org/10.1016/j.resuscitation.2006.02.022 

Schwenzer, K. J., Smith, W. T., & Durbin, C. G. (1993). Selec-
tive application of cardiopulmonary resuscitation im-
proves survival rates. Anesthesia and Analgesia, 76(3), 
478–484. https://doi.org/10.1213/00000539-199303000-
00005 

Sculier, J. P., & Markiewicz, E. (1993). Cardiopulmonary re-
suscitation in medical cancer patients: The experience of 
a medical intensive-care unit of a cancer centre. Support-
ive Care in Cancer, 1, 135–138. https://doi.org/10.1007/
BF00366059 

Sheldon, B. K. (2010). Admission criteria and prognostica-
tion in patients with cancer admitted to the intensive 
care unit. Critical Care Clinics, 26(1), 1–20. https://doi.
org/10.1016/j.ccc.2009.10.003 

Soares, M., Caruso, P., Silva, E., Teles, J. M. M., Lobo, S. M. 
A., Friedman, G.,…Salluh, J. I. F. (2010). Characteristics 
and outcomes of patients with cancer requiring admis-
sion to intensive care units: A prospective multicenter 
study. Critical Care Medicine, 38(1), 9–15. https://doi.
org/10.1097/CCM.0b013e3181c0349e 

Taffet, G. E., Teasdale, T. A., & Luchi, R. J. (1988). In-hospital 
cardiopulmonary resuscitation. Journal of the American 
Medical Association, 260(14), 2069–2072. https://doi.
org/10.1001/jama.1988.03410140081027 

Varon, J., Walsh, G. L., Marik, P. E., & Fromm, R. E. (1998). 
Should a cancer patient be resuscitated following an 
in-hospital cardiac arrest? Resuscitation, 36(3), 165–168. 
https://doi.org/10.1016/s0300-9572(98)00015-x 

Vitelli, C. E., Cooper, K., Rogatko, A., & Brennan M. (1991). 
Cardiopulmonary resuscitation and the patient with 
cancer. Journal of Clinical Oncology, 9(1), 111–115. https://
doi.org/10.1200/JCO.1991.9.1.111 

Wallace, S., Ewer, M. S., Price, K. J., & Feeley, T. W. (2002). 
Outcome and cost implications of cardiopulmonary re-
suscitation in the medical intensive care unit of a com-
prehensive cancer center. Supportive Care in Cancer, 10, 
425–429. https://doi.org/10.1007/s00520-002-0353-4 

Zafar, W., Ghafoor, I., Jamshed, A., Gul, S., & Hafeez, H. 
(2017). Outcomes of in-hospital cardiopulmonary 
resuscitation among patients with cancer: Experi-
ence from Pakistan. American Journal of Hospice 
and Palliative Medicine, 34(3), 212–216. https://doi.
org/10.1177/1049909115617934 


