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Background: Bone marrow transplantation is a breakthrough in the world of hematology and oncology. In our re-
gion, there is scarce literature studying emergency department visits among BMT patients, as well as their pre-
dictors of mortality.

Accepted 29 July 2020 Objectives: This study aimed to assess the frequency, reasons, clinical characteristics and outcomes of patients

P & presenting to the ED after a BMT, and to study the predictors of mortality in those patients. This study also com-
eyworas: pares those variables among the different types of BMT.

Allogeneic . . .

Autologous Methods: This was a retrospective cohort study conducted on all adult patients who have completed a successful

Bone marrow transplant BMT and visited the ED.

Cancer Results: Our study included 115 BMT patients, of whom 17.4% died. Those who died had a higher median number

of ED visits than those who did not die. Around 36.5% presented with fever/chills with 29.6% diagnosed with
pneumonia on discharge. We found that the odds of mortality were significantly higher among those who pre-
sented with dyspnea (p <.0005) and AMS (p = .023), among septic patients (p = .001), those who have under-
gone allogeneic BMT (p = .037), and those who were admitted to the ICU (p = .002). Moreover, the odds of
mortality were significantly higher among hypotensive (p <0005) and tachycardic patients (p = .015).

Conclusion: In our study, we have shown that BMT patients visit the ED very frequently and have high risk of in-
hospital mortality. Moreover, our study showed a significant association between mortality and patients with

Emergency department
Hematologic diseases
Mortality

dyspnea, AMS, sepsis, allogeneic BMT type, ICU admission, hypotension and tachycardia.

© 2020 Elsevier Inc. All rights reserved.

1. Background

Bone marrow transplantation (BMT) is a revolutionary therapeutic
approach for oncological pathologies, mainly hematological diseases
such as leukemias and lymphomas [1-3], but also some solid tumors
[4]. Many other indications of BMT have been discussed in the literature
[5-8], including several non-malignant diseases such as aplastic anemia
[9,10], thalassemia [11], sickle cell anemia [12] and severe combined
immune deficiency syndrome (SCID) [13].

There are two major types of BMT, each with its own advantages and
disadvantages. The first is autologous transplantation, where cells are
harvested from patients themselves and the second is allogeneic
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transplantation, where cells are collected from a donor (HLA-
matched/mismatched related or HLA-matched unrelated). Patient out-
comes were reportedly different between the two types of BMT
[14,15]. In both types, however, although BMT was reported to be asso-
ciated with higher long-term survival rates, it was proven to be a cause
of increased morbidity and mortality during the initial recovery period,
with increased emergency departments visits and hospitalizations in
this patient population [16-19]. Here, it is of value to note that multidis-
ciplinary teams consisting of, but not limited to, the patient's primary
care physician, oncologist and emergency physician are currently on
the rise to offer palliative care for oncology patients, namely those suf-
fering from the disease burden itself or its treatments, like chemother-
apy, radiotherapy and BMT. Palliative care has proven to be an
indispensable line of service within the hospital setting, particularly in
the ED. Such an intervention is exceptionally valuable in BMT patients
presenting with altered mental status or dyspnea, especially when ICU
admission is warranted, as it was proven to decrease patients' length of
stay whenever admitted in addition to effectively reducing in-hospital
mortality rates [20].
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The reasons for hospital admission after a BMT are thoroughly
discussed in the literature. The median time from the BMT to readmis-
sion was around 4 months (IQR (24-584) days) [17]. On readmission,
fever/ infection was found to be the most common cause for hospitaliza-
tion in this population [17,21-23]. Scales et al. found that the main
causes for hospitalization in this population are infection (16%), respira-
tory failure (14%), and cardiac failure (9.7%). They have moreover
shown that 33.3% of patients were hospitalized due to BMT complica-
tions such as graft versus host disease (GvHD), 20% due to acute kidney
injury and 3.4% due to acute hepatic failure [17].

The ED constitutes a critical setting for the care of cancer patients.
Advances in treatment modalities and the consequent increased lon-
gevity has led to an upsurge in the frequency of ED visits by cancer pa-
tients [24]. As a matter of fact, cancer patients were found to visit the ED
at least once throughout their disease course [25]. Many of the ED pre-
sentations in these patients were due to adverse events relating to treat-
ments, namely chemotherapy, radiotherapy and BMT [26,27]. However,
there is limited information in the literature regarding reasons for emer-
gency department (ED) presentations and outcomes in this population
with inadequate comparisons between allogenic BMT and autologous
BMT patients.

In this study, we aimed to evaluate the frequency, reasons, clinical
characteristics and outcomes of patients presenting to the ED after a
BMT. We also compared the aforementioned between the two types
of BMT. The primary outcome of our study was to identify the predictors
of mortality in these patients.

2. Methods

1. Study Design and Setting

This study was a retrospective chart review, conducted on all BMT
patients who have visited the ED of the American University of Beirut
Medical Center (AUBMC) between January 1st, 2015 and December
31st, 2017. AUBMC is a tertiary care academic hospital and a major re-
ferral center in Lebanon and the region, receiving more than 55,000
ED visits annually. It has over 350 beds, with a 43-bed ED, run as a closed
unit by onsite coverage 24-h/7 days, under the care of 36 physicians.
The physicians are a mix of American Board-certified EM specialists
and non-board-certified physicians with extensive experience in EM.
The Institutional Review Board (IRB) at the AUBMC has reviewed and
approved this study under the protocol number [BIO-2019-0138].

2.1. Participants
All adult (>18 years old) BMT patients who presented to the ED of

AUBMC during the study period were extracted by the Electronic Med-
ical Records Department. Patients with failed BMT or those who did not
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visit the ED were excluded. The requirement for informed consent was
waived because of the noninterventional nature of the study. We stud-
ied all of the ED visits up to and including December 2019 for each of the
eligible patients in attempt to collect data on the frequency and reasons
of their ED visits. The variables pertaining to the last visit for each patient
were used in the statistical analysis.

2. Data Collection

Data were collected from patients' electronic medical records by ex-
perienced, medically trained research fellows to ensure the accuracy of
the process. Data collection was facilitated by using a uniform data col-
lection sheet containing multiple sections including demographics, fre-
quency and reasons of ED visits, type of bone marrow transplant
(autologous vs. allogeneic), details on cancer type and characteristics,
disposition, length of stay in the ED, vitals upon presentation, medica-
tions prescribed, lab results and mortality.

2.2. Statistical analysis

Statistical analyses were performed using Stata MP version 13.0
(College Station, TX: StataCorp LP). Descriptive statistics were con-
ducted with continuous variables presented as means and standard de-
viations (for normally distributed variables) and medians and
interquartile range (IQR) (for non-normal variables), and categorical
variables were expressed as frequencies and percentages. We used un-
adjusted odds ratios and 95% CIs for the analysis on all patients to deter-
mine the predictors of mortality at the bivariate level. For the stratified
analysis (autologous vs. allogeneic), Chi-square and student's t-tests
were used to examine associations between the selected covariates
and mortality. Stepwise logistic regression was used to identify predic-
tors of mortality at the multivariate level. The results of the multiple lo-
gistic regression model are presented as adjusted odds ratios and 95%
CIs. All tests were interpreted at alpha of 0.05.

3. Results

Our study includes 115 patients with BMT, of whom 4.3% (5 pa-
tients) had a second BMT following their primary transplantation and
17.4% (20/115) died. Fifty-four patients (47%) underwent autologous
BMT, of whom 9.3% died (4.3% of all patients), and 61 patients (53.0%)
underwent allogeneic BMT, of whom 24.6% died (13.0% of all patients).

Table 1 shows baseline demographic and clinical characteristics by
mortality of all patients. The studied BMT patients were almost equally
distributed between males (51.3%) and females (48.7%). Half of those
who died were male and 30.0% were smokers. On average, those who
died were around 4.5 years older than those who survived (49.95 +
14.02 years vs. 45.49 + 13.49 years).Patients with acute myelocytic

Table 1
Baseline demographic and clinical characteristics by mortality of all patients (N = 115)
Total (N = 115) Dead (n = 20) Not dead (n = 95) Unadjusted OR 95% CI P-value
Sex Male 59(51.3) 10(50.0) 49(51.6) ref
Female 56(48.7) 10(50.0) 46(48.4) 1.07 (0.41,2.79) 0.898
Age Mean + —SD 46.27 + —13.63 49.95 + —14.02 4549 + —1349 1.03 (0.99,1.07) 0.186
Smoker Yes 22(19.1) 6(30.0) 16(18.8) 1.85 (0.62,5.55) 0274
No 83(72.2) 14(70.0) 69(81.2) ref
Type of Cancer® Multiple Myeloma 24(20.1) 2(10.0) 22(23.2) 0.39 (0.06,2.36) 0.304
MCL 2(1.7) 0(0.0) 2(2.1) - - -
Hodgkin's Lymphoma 11(9.6) 1(5.0) 10(10.5) 0.43 (0.04,4.35) 0.471
ALL 11(9.6) 1(5.0) 10(10.5) 043 (0.04,4.35) 0.471
AML 37(32.2) 10(50.0) 27(28.4) 1.57 (0.43,5.83) 0.497
DLBCL 9(7.8) 2(10.0) 7(7.4) 121 (0.18,8.22) 0.842
Other 21(18.3) 4(20.0) 17(17.9) ref
ED visits Median (IQR) 2(1,4) 3(2,6) 2(1,4) 1.13 (0.95,1.35) 0.160

@ MCL: Mantle cell lymphoma; ALL: Acute lymphoblastic leukemia; AML: Acute myelocytic leukemia; BLBCL: Diffuse large B-cell lymphoma.
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leukemia (AML) were the most likely to visit the ED after their BMT
(32.2%), followed by multiple myeloma (MM) (20.9%), Hodgkin's lym-
phoma (HL) and acute lymphoblastic leukemia (ALL) (9.6% each).
Though we did not find any type of cancer to be significantly associated
with an increased risk of mortality following BMT, half of the deceased
patients had AML. In our sample population, the median number of
ED visits was higher in those who eventually died compared to those
who did not (3 (2-6) vs. 2 (1-4), respectively).

A breakdown of the ED chief complaint and ED discharge diagnosis
of BMT patients during their final ED visit, stratified by mortality and
unadjusted ORs, are found in Table 2. Most of our patients (36.5%) pre-
sented with a chief complaint of fever/chills, followed by gastrointesti-
nal symptoms (22.6%), dyspnea (11.3%), and altered mental status
(AMS) (9.6%). We found the odds of mortality to be significantly higher
among those who presented with dyspnea and AMS compared to those
with other chief complaints (OR = 35.0,95% CI: 5.0-243.8 and OR = 8.7,
95% CI: 1.3-57.0, respectively). As for the discharge diagnosis, the ma-
jority of patients were diagnosed with pneumonia (29.6%), followed
by gastroenteritis (20.0%), sepsis (18.3%) and febrile neutropenia
(12.2%). We found that the odds of mortality among those diagnosed
with sepsis to be 44 times that of those diagnosed with others (95%
Cl: 4.8-397.0).

Not accounting for other factors, we found several clinical character-
istics of BMT patients during their final ED visit that were significantly
associated with mortality (Table 3). In our study, the odds of death
among those who have undergone allogeneic BMT were 3.2 times
greater than their counterparts who have undergone autologous BMT
(95% CI: 1.0-9.5). Also, according to our study, the odds of death
among those who were admitted to the intensive care unit (ICU) were
15.5 times that of patients who did not require ICU admission (95% CI:
2.7-87.2), and among those with AMS were 3.9 times that of patients
without AMS (95% CI: 1.0-14.6). Regarding vital signs, those who died
were 12.6 times more likely to have a low systolic blood pressure
(SBP) than a normal SBP and were 4.2 times more likely to have a
heart rate (HR) over 100 than <100 (95% CI: 3.8-41.8 and 95% CI:
1.3-13.7, respectively). Additionally, they were 23.5 times more likely
to have a quick Sepsis Related Organ Failure Assessment (qSOFA) of
2-3 than a qSOFA of 0-1, with the true population effect between 2.4
and 223.9. Finally, the odds of mortality among those with platelet
count of 50,000-149,000 and platelet count <50,000 were 4.7 times
and 17.6 times that of those with platelet count >150,000, respectively
(95% CI: 1.1-19.1 and 95% CI: 3.8-80.8, respectively).

The results of the stepwise logistic regression model are found in
Table 4. Variables included in the model were type of BMT, chief com-
plaint, discharge diagnosis, ICU admission, AMS, SBP, HR, qSOFA and
platelets. After adjusting for the other variables, the odds of mortality
among those who were admitted to the ICU were 30.2 times that of pa-
tients who did not require ICU admission (95% CI:3.1-293.1). Moreover,
mortality was 10.1 times more likely among those with low SBP than
those with normal SBP (95% Cl:2.4-41.7), and 4.1 times more likely
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among those with HR >100 versus HR < 100 (95% CI:1.0-17.3). Finally,
death was 8.8 times more likely among those with AMS than those who
did not have AMS, with the true population effect between 1.6 and 46.9.

We further stratified our analysis by autologous (n = 54) versus al-
logeneic transplants (n = 61) (Tables 5-7). Mortality was higher among
allogeneic BMT patients, as 9.3% died among the autologous group
compared to 24.6% among the allogeneic group.

In patients who underwent autologous BMT, patients with MM vis-
ited the ED more frequently than patients with other types of cancer
(44.4%). On the other hand, in the allogeneic BMT group, AML patients
were the most frequent attenders to the ED (61.7%). MM accounted
for 40% of deaths in the autologous group and AML accounted for
66.7% of deaths in the allogeneic group.

Stratified analysis showed that the median number of ED visits was 6
(6-8) in those who died and 2 (1-3) in those who did not in the autol-
ogous group, and 3 (1-4) in those who died and 2 (1-5) in those who
did not in the allogeneic group. Despite the lower number of deaths
among autologous group, we found that the number of ED visits is sig-
nificantly higher for those who died in the autologous group but not
in the allogeneic group (p = .005 and p = .945, respectively).

Fever was the most common chief complaint in both groups
(42.6% in autologous group and 31.1% in allogeneic group). However,
mortality was mainly due to dyspnea in both groups, accounting for
80% of deaths in the autologous group and 40% in the allogeneic
group. The second most common chief complaint resulting in mortal-
ity in the allogeneic group was altered mental status (33.3% of deaths
in allogeneic BMT patients). Pneumonia was the most common dis-
charge diagnosis in autologous BMT patients (40.7%), whereas sepsis
was the most common in allogeneic group (26.2%). Sepsis, neverthe-
less, accounted for the highest mortality rates in both groups (60%
in autologous and 73.3% in allogeneic).

ICU admission was shown to be a statistically significant predictor
of mortality among both autologous (p = .02) and allogeneic BMT pa-
tients (p = .043). Unsurprisingly, all patients with graft versus host
disease (GvHD) (13% of the total) had had allogeneic transplants, ac-
counting for 25.5% of deaths among allogeneic group. Mechanical ven-
tilation was found to be statistically significant in both groups
autologous and allogeneic (p = .001). SBP still had a significant im-
pact after stratification by autologous (0.003) versus allogeneic
(0.006). On the other hand, AMS was no longer significantly associ-
ated with mortality after stratifying by autologous (p = 1.00) versus
allogeneic (p = .097). The same is true for HR (p = .374 for autolo-
gous and p = .108 for allogeneic). RR was shown to be significantly
associated with mortality in allogeneic group only (p = .029). High
qSOFA (qSOFA of 2-3) and absolute neutrophil count (ANC) were
only associated with mortality in the allogeneic group (p = .003 and
p = .024, respectively). In contrast, hemoglobin <9.0 was significantly
associated with mortality in the autologous group only (p = .015).
Platelet count showed significant association in both groups, autolo-
gous (p = .004) and allogeneic (p = .037).

Table 2
Presenting chief complaints and discharge diagnoses by mortality of all patients (N = 115)
Total (N = 115) Dead (n = 20) Not dead (n = 95) OR 95% CI P-value
Chief complaint Fever/Chills 42(36.5) 1(5.0) 41(43.2) 0.26 (0.02,2.99) 0.277
Dyspnea 13(11.3) 10(50.0) 3(3.2) 35.00 (5.02,243.85) <0.0005
Gastrointestinal Symptoms 26(22.6) 2 (10.0) 24(25.3) 0.88 (0.11,6.77) 0.898
Altered mental status 11(9.6) 5(25.0) 6(6.3) 8.75 (1.34,57.00) 0.023
Others 23(20.0) 2(10.0) 21(22.1) ref
Discharge Diagnoses Pneumonia® 34(29.6) 4(20.0) 30(31.6) 2.93 (0.31,28.09) 0.351
Febrile Neutropenia 14(1222) 1(5.0) 13(13.7) 1.69 (0.10,29.41) 0.718
Gastroenteritis 23(20.0) 0(0.0) 23(24.2) - - -
Sepsis 21(18.3) 14(70.0) 7(7.4) 44.00 (4.88,397.03) 0.001
Others 23(20.0) 1(5.0) 22(23.2) ref

2 Pneumonia was diagnosed through radiologic evidence correlated to clinical context.
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Table 3
Predictors of mortality in all (N = 115)
Dead (n = 20) Not dead (n = 95) Unadjusted OR 95% CI P-value

Type of BMT* Autologous 5(25.0) 49 (51.6) ref 0.037

Allogeneic 15 (75.0) 46 (48.4) 3.20 (1.08,9.50)
Days from transplant till first visit >30 days 13 (65.0) 70(73.7) 0.66 (0.24,1.85) 0.433

<30 days 7 (35.0) 25 (26.32) ref
ICUP admission 5(25.0) 2(2.1) 15.50 (2.75,87.27) 0.002
GvHD® 4(21.0) 11 (12.9) 1.79 (0.50,6.40) 0.368
Mechanical ventilation 8 (42.11) 0(0.0) - - -
Altered mental status 5(25.0) 6(6.3) 3.94 (1.06,14.63) 0.040
Systolic Blood Pressure (mmHg) <100 11(55.0) 10(11) 12.65 (3.83,41.81) <0.0005

101-139 6(30.0) 69 (75.8) ref

>140 3(15.0) 12 (13.2) 2.88 (0.63,13.09) 0.172
Heart Rate (beats/min) <100 4(20.0) 47 (51.6) ref

>100 16 (80.0) 44 (48.3) 427 (1.33,13.77) 0.015
Respiratory Rate (breaths/min) <20 15 (79) 80 (90.9) ref

>20 4(21.1) 8(9.1) 2.67 (0.71,9.99) 0.146
Temperature (°C) >37.5 6 (30.0) 31 (34.0) 0.83 (0.29,2.37) 0.727

<375 14 (70.0) 60 (65.9) ref
qSOFA¢ 0-1 16 (80.0) 94 (99) ref

2-3 4(20.0) 1(1.1) 23.50 (2.47,223.97) 0.006
Blood Culture Done 15 (75.0) 62 (66.67) 1.50 (0.50,4.51) 0.470
Positive blood culture 3(20.0) 7(10.94) 2.04 (0.46,9.02) 0.349
WBC® <4000 7 (36.84) 27 (30.0) ref

>4000 12 (63.16) 63 (70) 0.73 (0.26,2.07) 0.560
ANC’ >1500 12 (70.6) 75 (87.21) ref

1000-1499 1(5.9) 7(8.1) 0.89 (0.10,7.92) 0919

500-999 2(11.8) 0(0.0) - - -

100-499 2(11.8) 3(3.5) 4.17 (0.63,27.58) 0.139

<100 0(0.0) 1(1.2) - - -
Hemoglobin (g/dL) >9 15 (78.9) 78 (85.7) ref

<9 4(21.0) 13 (14.2) 1.60 (0.46,5.58) 0.461
Platelets (/uL) >150,000 3(15.7) 53 (58.2) ref

50,000-149,000 8(42.1) 30 (32.9) 471 (1.16,19.11) 0.030

<50,000 8(42.1) 8(8.7) 17.67 (3.86,80.85) <0.0005
Creatinine (mg/dL) <1.2 15 (78.9) 80 (87.9) ref

>1.2 4(21.1) 11(12.0) 1.94 (0.54,6.91) 0.307

a
b

c

BMT: Bone Marrow Transplant;

ICU: Intensive Care Unit;

GVHD: Graft versus Host Disease;

4 gSOFA: quick Sepsis Related Organ Failure Assessment;
¢ WBC: White Blood Cell Count;

T ANC: Absolute Neutrophil Count.

4. Discussion

Our study showed that oncology patients frequently visit the ED due
to complications of BMT. This was similarly proven by Fu et al. who
showed that 41% of BMT patients returned to primary acute care ser-
vices [28].In fact, Fu et al. were able to establish a significant association
between return to primary acute care and a history of BMT in lym-
phoma and multiple myeloma patients, but not in leukemia patients

Table 4
Logistic regression (Stepwise Method)

Mortality (reference: No)

Variable Adjusted OR [95% CI] P-value
cu? 30.23 (3.12-293.12) 0.003
SBP"<100 mmHg 10.12 (2.45-41.78) 0.001
AMS© 8.80 (1.65-46.92) 0.01
Heart rate (beats/min) 4,16 (1.00-17.38) 0.05

[Variables included in the model were: Type of BMT (reference: autologous); Chief
complaint (reference: other); Discharge diagnosis (reference: other); ICU (reference: no);
AMS (reference: no); SBP (reference: 101-139) mmHg; HR (reference: <100 beats/min);
qSOFA (reference: 0-1); platelets (reference: >150,000/uL)].

2 ICU: Intensive Care Unit;

b SBP: Systolic blood pressure;

¢ AMS: Altered mental status;

[29-31]. In our study, a considerable number of ED visits resulted in hos-
pitalization, ICU admission, and death. This was in line with the findings
of Fu et al. as they showed that among post-BMT lymphoma patients
that returned to the primary acute care service, around a quarter died
in-hospital, one fifth were moved to subacute care, and one tenth
were admitted [31]. Similarly, the mortality among post-BMT multiple
myeloma patients, those that returned to primary acute care service
reached 38% [29].

As previously discussed, BMT is a revolutionary therapeutic option in
many cancers. Despite the progress and improvement of such an inter-
vention, therapy-related complication rates are still high [32], as many
of these patients remain neutropenic, anemic and thrombocytopenic,
especially in the initial recovery period [21].

In our study, a high post-BMT in-hospital mortality rate of 17.4% was
reported. A similarly high mortality rate of 23% was demonstrated by
Beglinger et al. [33]. Comparably, a series of studies by Fu et al. showed
a high post-BMT in-hospital mortality rate ranging from 19% up to 38%
[28]. In their study, Fu et al. found a lower survival rate among those
who returned to primary acute care compared to those who did not
(p = .006) [30].

When compared to patients with autologous BMT, those with al-
logeneic BMT were found to have higher in-hospital mortality (9.3%
vs. 24.6%). This happens to be in agreement with a study by Spoerl
et al. comparing in-hospital mortality rates among allogeneic (11%)
and autologous BMT patients (4%) [21].
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Table 5
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Stratified analysis. Baseline demographic and clinical characteristics by mortality of autologous vs. allogeneic.

Autologous (N = 54)

Allogeneic (N = 61)

Dead (n = 5) Not dead (n = 49) Pvalue Dead (n = 15) Not dead (n = 46) P value

Type of cancer® Multiple myeloma 2 (40.0) 22 (44.9) 0.618 0(0.0) 0(0.0) 0.126

MCL 0(0.0) 2(4.1) 0(0.0) 0(0.0)

Hodgkin's lymphoma 0(0.0) 10 (204) 1(6.7) 0(0.0)

ALL 0(0.0) 0(0.0) 1(6.7) 10 (21.7)

AML 0(0.0) 0(0.0) 10 (66.7) 27 (58.7)

DLBCL 1(20.0) 7(14.3) 1(6.7) 0(0.0)

Other 2 (40.0) 8(16.3) 2(13.3) 9(19.6)
Sex Male 3(60.0) 22 (44.9) 0.653 7 (46.7) 27 (58.7) 0.415

Female 2 (40.0) 27 (55.1) 8 (53.3) 19 (41.3)

Age Mean + —SD 53.63 + —11.27 46.54 + —14.09 0.282 48.72 + —14.96 4438 + —12.87 0.280
Smoker Yes 2 (40.0) 8(17.4) 0.250 4(26.7) 8(20.5) 0.719
No 3(60.0) 38 (82.6) 11(73.3) 31(79.5)

ED visits Median (IQR) 6 (6,8) 2(1,3) 0.005 3(1,4) 2(1,5) 0.945

¢ MCL: Mantle cell lymphoma; ALL: Acute lymphoblastic leukemia; AML: Acute myelocytic leukemia; DLBCL: Diffuse large B-cell lymphoma.

When it comes to the type of cancer, our data indicates that post-
BMT patients with AML most frequently visited the ED, followed by
MM. Stratified analysis showed that MM patients visited the ED most
frequently in autologous group and AML patients in allogeneic group.
Moreover, we also showed that BMT patients that eventually died had
a higher median number of ED visits than those who did not die, regard-
less of the type of BMT. All these findings are harmonious with the data
from Spoerl et al. [21].

Fever was the most common chief complaint in our study. This is
analogous with the findings of Spoerl et al., who also showed that
fever was the most common reason for presentation in both autologous
patients (38%) and allogeneic (56%), Uramoto et al., Chi et al., and
Schimmer et al. [15,21-23].

Moreover, almost half (45.5%) of the patients who presented with
AMS post-BMT in our study died (of all BMT patients who died, 25% pre-
sented with AMS), yielding an odds of death 3.9 greater in those with
AMS. Stratified analysis showed that allogeneic BMT patients are more
likely to present with AMS (7.8%) than autologous (1.7%). While none
of those who have undergone autologous BMT and presented with
AMS died, more than half (55.6%) of those who presented with AMS
in the allogeneic group died, accounting for 33.3% of deaths among allo-
geneic BMT patients. In a study by Beglinger et al., 43.3% of BMT patients
presented with AMS at a certain point post-BMT (33.3% among autolo-
gous and 53.3% among allogeneic). This same study described the allo-
geneic type of BMT and AMS during any hospitalization post-BMT as
the two major predictors of mortality [33]. Furthermore, AMS post-
BMT was previously reported to be more common during the first
month after transplantation [34,35] and as the main culprit of toxicity
events post-BMT [36].

Table 6

Most BMT patients were diagnosed with pneumonia upon dis-
charge. However, the majority of those who died were diagnosed
with sepsis (70.0%). In fact, the odds of mortality in those diagnosed
with sepsis was found to be 44. Stratified analysis showed that the
most common discharge diagnoses were pneumonia and sepsis in
the autologous BMT group and allogeneic BMT group, respectively.
Nonetheless, sepsis remained the discharge diagnosis most associated
with mortality in both groups. Similar findings have been reported by
several earlier studies, where a high incidence of pneumonia was de-
scribed in the post-BMT setting, with rates ranging from 14% to 60%
[36-39]. Boyaci et al.,, Naeem et al., and Afessa et al. also showed
that pneumonia and sepsis/ septic shock were highly associated with
death among BMT patients [37-40].

Febrile neutropenia accounted for 12.2% of all discharge diagno-
ses, with 11.1% of autologous BMT patients and 13.1% of allogeneic
BMT patients receiving this diagnosis on discharge. Similar rates
were reported in a study by Spoerl et al.,, where 8% of autologous
and 12% of allogeneic BMT patients were diagnosed with febrile
neutropenia [21].

In our study, we showed that 35% of in-hospitals deaths were in
those that presented to ED within one month of BMT. This signifies
that unstable patients who did not do well post-BMT were more likely
to visit the ED early after their procedure and were thus more likely to
die. Likewise, we showed that 73.7% of the survivors did not present
to the ED until after one month of BMT. Although this finding was
not statistically significant in our data (p = .433, Table 3), it is rather
a clinically sound and interesting finding. Statistical insignificance is
probably due to the low rate of in-hospital mortality in our dataset
(total deaths = 20).

Stratified analysis. Presenting chief complaints and discharge diagnoses by mortality of autologous vs. allogeneic.

Autologous (N = 54)

Allogeneic (N = 61)

Dead (n = 5) Not dead (n = 49) P value Dead (n = 15) Not dead (n = 46) P value

Chief complaint Fever/Chills 1(20.0) 22 (44.9) 0.003 0(0.0) 19 (41.3) <0.0005

Dyspnea 4 (80.0) 3(6.1) 6 (40.0) 0(0.0)

Gastrointestinal symptoms 0(0.0) 14(28.6) 2 (13.3) 10 (21.7)

Altered mental status 0(0.0) 2(4.1) 5(33.3) 4(8.7)

Others 0(0.0) 8 (16.3) 2(133) 13 (28.3)
Discharge diagnosis Pneumonia® 2 (40.0) 20 (40.8) 0.011 2 (13.3) 10 (21.7) <0.0005

Febrile neutropenia 0(0.0) 6(12.2) 1(6.7) 7 (15.2)

Gastroenteritis 0(0.0) 15 (30.6) 0(0.0) 8(17.4)

Sepsis 3 (60.0) 2(4.1) 11 (733) 5(10.9)

Others 0(0.0) 6(12.2) 1(6.7) 16 (34.8)

2 Pneumonia was diagnosed through radiologic evidence correlated to clinical context.
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Table 7
Stratified analysis. Predictors of mortality in autologous vs. allogeneic.
Autologous (N = 54) Allogeneic (N = 61)
Dead (n = 5) Not dead (n = 49) P value Dead (n = 15) Not dead (n = 46) P value
Days from transplant till first visit >30 days 4 (80.0) 38 (77.5) 1.00 9(60.0) 32 (69.5) 0.537
<30 days 1(20.0) 11 (224) 6 (40.0) 14 (304)
ICU? admission 2 (40.0) 1(2.0) 0.020 3(20.0) 1(2.1) 0.043
GvHD" 0(0.0) 0(0.0) * 4(28.5) 11 (25.5) 1.00
Mechanical ventilation 3(60.0) 0(0.0) 0.001 5(35.7) 0(0.0) 0.001
Altered mental status 0(0.0) 2 (4.1) 1.00 5(33.3) 4(8.7) 0.097
Systolic blood pressure (mmHg) <100 4 (80.0) 4(8.3) 0.003 77 (46.7) 6(14) 0.006
101-139 1(20.0) 36 (75.0) 5(33.3) 33 (76.7)
>140 0 (0.0) 8(16.7) 3(20.0) 4(9.3)
Heart rate (beats/min) <100 2 (40.0) 30 (62.5) 0.374 2 (13.3) 17 (39.5) 0.108
>100 3(60.0) 18 (37.5) 13 (86.6) 26 (60.4)
Respiratory rate (breaths/min) <20 5(100.0) 40 (87) 1.00 10 (71.4) 40 (95.2) 0.029
>20 0(0.0) 6(13.0) 4(28.6) 2 (4.8)
Temperature (°C) >37.5 0(0.0) 13 (27.1) 0.317 6 (40.0) 18 (41.8) 0.900
<375 5(100.0) 35(72.9) 9 (60.0) 25 (58.1)
qSOFA® 0-1 5(100.0) 48 (98) 1.00 11 (73.3) 46 (100.0) 0.003
2-3 0(0.0) 1(2.0) 4(26.7) 0(0.0)
Blood culture done 3(60.0) 32 (66.67) 1.00 12 (80.0) 30 (66.67) 0517
Positive blood culture 1(33.33) 2 (6.06) 0.236 2 (16.67) 5(16.13) 1.00
WBC! <4000 2 (50.0) 14 (30.43) 0.584 5(33.33) 13 (29.55) 0.758
>4000 2 (50.0) 32 (69.57) 10 (66.67) 31(7045)
ANC® 21500 4 (100.0) 38 (86.36) 1.00 8 (61.5) 37 (88.10) 0.024
1000-1499 0(0.0) 4(9.09) 1(7.7) 3(7.1)
500-999 0(0.0) 0(0.0) 2 (154) 0(0.0)
100-499 0(0.0) 2 (4.6) 2(154) 1(2.4)
<100 0(0.0) 0(0.0) 0(0.0) 1(24)
Hemoglobin (g/dL) >9 1(25.0) 41 (87.2) 0.015 14 (93.3) 37 (84.0) 0.666
<9 3(75.0) 6(12.8) 1(6.6) 7 (15.9)
Platelets (/uL) >150,000 0 (0.0) 30 (63.8) 0.004 3(20.0) 23(52.2) 0.037
50,000-149,000 2 (50.0) 15 (31.9) 6 (40.0) 15 (34.0)
<50,000 2 (50.0) 2 (4.3) 6 (40.0) 6 (13.6)
Creatinine (mg/dL) <1.2 3(75.0) 43 (914) 0.347 12 (80.0) 37 (84.0) 0.704
>1.2 1(25.0) 4(8.5) 3(20.0) 7 (15.9)

¢ ICU: Intensive Care Unit;

b GVHD: Graft versus Host Disease;

€ qSOFA: quick Sepsis Related Organ Failure Assessment;
4 WBC: White Blood Cell Count;

¢ ANC: Absolute Neutrophil Count.

According to our study, 6.1% of BMT patients were admitted to the
ICU. Of those admitted to the ICU, 71.4% died, which yields an odds of
death among ICU-admitted patients 15.5 times greater than those
who were not. A similar mortality rate among the ICU-admitted patients
has been reported in the literature (up to 74%) [41-49]. Moreover, in our
study, 5.6% of the autologous group were admitted to the ICU, of whom
66.7% died. In the allogeneic group, 6.5% were admitted to the ICU, of
whom 75.0% died. Huynh et al. reported a higher ICU admission rate
after allogeneic BMT (46%) than after autologous (15%) [50]. In our
study, around 7% of our population required mechanical ventilation
and all of those died. Several studies showed a similar increase in mor-
tality in patients who require intubation in the ICU [17,49,51]. This
comes to advocate our findings that suggest ICU-admitted and mechan-
ically ventilated patients are at an increased risk of death, especially in
allogeneic BMT patients.

We found abnormal vitals in the ED, namely low SBP (<100 mmHg)
and tachycardia (HR > 100 beats/ min), to have an impact on in-
hospital mortality. In fact, 55% and 80% of all those who died were
found to have low SBP and tachycardia, respectively. This shows that
hypotensive and tachycardiac patients were 12.65 and 4.27 times
more likely to die. Similar results were found by Michel et al. who re-
ported that ICU admission and mortality are highly associated with a
higher heart rate (p = .019) and lower mean arterial blood pressure
(p = .024) [52]. In addition, an elevated heart rate was associated
with an increased mortality rate as shown by the study conducted by
Price et al. on the prognostic indicators for blood and marrow transplant
patients admitted to ICU [51].
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Eighty percent of patients with a qSOFA of 2-3 died, accounting for
20% of the overall deaths. Expectedly, patients with qSOFA 2-3 were
23.50 times more likely to die than those with a qSOFA of 0-1. Similarly,
a study by Gilli et al. revealed that survival rates were higher among
those with a lower SOFA score (p = .0002) [43] and a statistically signif-
icant difference in the SOFA score between ICU-survivors and ICU non-
survivors was detected by Michel et al. (p = .01) [52].

Around 47% of all patients presented with a platelet count <150,000
/uL (i.e. thrombocytopenic) and those constituted 84.2% of those who
died. A similar association between in-hospital mortality and low plate-
let count was reported by prior literature [21,53]. Bolwell et al. contin-
ued to describe a 4-year survival rate of only 19% for patients with a
platelet count <30,000, 41% for patients with a platelet count between
30,000 and 50,000 and 72% for those with a platelet count >50,000 [53].

5. Limitations

There are a few limitations in this study. Despite its uniqueness in
the region, our study is a single-center review with a fairly small sample
size (115 patients of whom only 20 died). However, AUBMC is a major
referral center in Lebanon and the region, receiving more than 55,000
ED visits every year, rendering our sample size properly representative
of the population. Additionally, the retrospective nature of our study im-
poses certain resource restrictions and data inaccessibility. Moreover,
we included the last visit for each patient and not all visits in the analy-
sis. Perhaps, in future studies, we will include all visits to give us better
insight about predictors of mortality in such a population.
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6. Conclusion

Although bone marrow transplantation has proven to be the cure
and therapy of choice, it should be studied well in light of its complica-
tions, particularly in the initial period of recovery. In our study, we
showed that BMT patients are a vulnerable population as they visit
the ED very frequently. We also proved that the risk mortality is rela-
tively high and thus such patients should be given immediate and fo-
cused medical attention when they present to our emergency
departments. Moreover, our study showed a significant association be-
tween mortality and ICU admission, altered mental status, hypotension
and tachycardia.

Additional prospective studies that include larger sample sizes are
essential to substantiate our results and their external validity.
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