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ABSTRACT We analyzed risk factors for mortality in febrile neutropenic patients
with bloodstream infections (BSI) presenting with septic shock and assessed the
impact of empirical antibiotic regimens. A multicenter retrospective study (2010 to
2019) of two prospective cohorts compared BSI episodes in patients with or with-
out septic shock. Multivariate analysis was performed to identify independent risk
factors for mortality in episodes with septic shock. Of 1,563 patients with BSI, 257
(16%) presented with septic shock. Those patients with septic shock had higher
mortality than those without septic shock (55% versus 15%, P , 0.001). Gram-neg-
ative bacilli caused 81% of episodes with septic shock, Gram-positive cocci caused
22%, and Candida species caused 5%. Inappropriate empirical antibiotic treatment
(IEAT) was administered in 17.5% of septic shock episodes. Empirical b-lactam
combined with other active antibiotics was associated with the lowest mortality
observed. When amikacin was the only active antibiotic, mortality was 90%.
Addition of empirical specific Gram-positive coverage had no impact on mortality.
Mortality was higher when IEAT was administered (76% versus 51%, P = 0.002).
Age of .70 years (odds ratio [OR], 2.3; 95% confidence interval [CI], 1.2 to 4.7),
IEAT for Candida spp. or Gram-negative bacilli (OR, 3.8; 95% CI, 1.3 to 11.1), acute
kidney injury (OR, 2.6; 95% CI, 1.4 to 4.9), and amikacin as the only active antibiotic
(OR, 15.2; 95% CI, 1.7 to 134.5) were independent risk factors for mortality, while
the combination of b-lactam and amikacin was protective (OR, 0.32; 95% CI, 0.18
to 0.57). Septic shock in febrile neutropenic patients with BSI is associated with
extremely high mortality, especially when IEAT is administered. Combination ther-
apy including an active b-lactam and amikacin results in the best outcomes.
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Bloodstream infections (BSI) are the most frequent infection in febrile neutropenic,
onco-hematological patients, with incidence rates spanning from 10% to 38% (1–3).

Septic shock is the most severe clinical presentation form of such infection. However,
there is scarce information on incidence, characteristics, and outcomes of neutropenic
patients who present with this complication (4–6). This information, nonetheless, is now
more important than ever. Rates of Gram-negative bacilli (GNB) in onco-hematological
patients are progressively increasing (7, 8), which could impact a greater percentage of
patients presenting with septic shock (9). Additionally, empirical antibiotic therapy is
challenging in the era of emerging multidrug-resistant (MDR) GNB. Indeed, inappropriate
empirical antibiotic therapy (IEAT) has been associated with increased mortality in
patients with febrile neutropenia and BSI (8, 10, 11).

For many years, international guidelines have recommended broadening the antimi-
crobial spectrum to cover drug-resistant Gram-negative and Gram-positive microorgan-
isms in neutropenic patients with septic shock. This includes considering the addition of
aminoglycosides, quinolones, vancomycin, and/or anti-Candida coverage to classic anti-
pseudomonal b-lactams (cefepime, ceftazidime, piperacillin-tazobactam, or meropenem)
(12). However, based on the current epidemiological context, we hypothesized that such
antibiotic recommendations should be reassessed.

Therefore, we aimed to describe the frequency, clinical characteristics, and etiology of
BSI in febrile neutropenic patients with septic shock and analyze risk factors for mortality.
We also assessed the impact of different empirical antibiotic regimens on mortality.

RESULTS
Characteristics of and outcomes in patients with and without shock. Over the

study period, 1,563 BSI episodes were identified in onco-hematological patients with
febrile neutropenia. Of these, 257 (16%) presented with septic shock. Table 1 and also
Table S2 in the supplemental material describe the main clinical and demographic
characteristics in patients with and without shock. Overall, 30-day mortality was 22%,
being higher in patients with septic shock (55% versus 15%, P, 0.001).

Table 2 displays the etiological microorganisms involved in episodes presenting
with or without shock. Overall, GNB caused 56% of bacteremia episodes, with 13% of
all episodes being caused by MDR-GNB. Gram-positive cocci (GPC) caused 42% of all
BSI episodes, and Candida spp. caused 3%. Of all bacteremia episodes, 12% were poly-
microbial. In patients with septic shock, specifically, 81% of the episodes were caused
by GNB, 22% by GPC, and 5% by Candida spp.

Figure S1 details the most significant differences in baseline characteristics, epide-
miology, and outcomes between patients with and without septic shock.

Antibiotic therapy and outcomes in patients with septic shock. Table S3 shows
the comparison of antibiotic therapy in patients with and without septic shock. Among
those episodes presenting with septic shock, 17.5% received IEAT, mainly in BSI caused
by Pseudomonas aeruginosa and Candida spp. Table S4 summarizes the set of etiologi-
cal agents of episodes with septic shock receiving IEAT. Acute kidney injury (AKI) pre-
sented in 71.5% of patients with septic shock.

Figure 1 shows additional values for specific Gram-positive coverage and amikacin,
respectively, in patients with septic shock. Both Gram-positive coverage and amikacin
were administered almost exclusively in combination with other antibiotics. Specific
Gram-positive coverage (including vancomycin, teicoplanin, daptomycin, and linezolid)
was used in 87 of 257 (34%) cases. In 27 of 87 (31%) cases, the isolated microorganism
was susceptible to specific Gram-positive coverage, and Gram-positive coverage was the
only active antibiotic in 16 of 87 (18%) cases. Amikacin was used in 137 (53%) episodes.
In 126 (85%) of these 137 cases, the isolated microorganism was susceptible to this anti-
biotic, and in 10 (7%) of these 137 cases, amikacin was the only active antibiotic.

Risk factors for mortality in patients with septic shock. Overall, 141 (55%)
patients with septic shock died within 30 days of BSI onset. In the univariate analysis,
patients with BSI and septic shock who had chronic leukemia (91% versus 53%,
P = 0.014), pulmonary source of BSI (69% versus 52%, P = 0.032), BSI caused by MDR
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P. aeruginosa (85% versus 53%, P = 0.042), and episodes presenting with AKI (62% ver-
sus 38%, P = 0.001) and requiring mechanical ventilation (85% versus 44%, P , 0.001)
experienced higher mortality. Conversely, an endogenous source was associated with
lower mortality (48% versus 60%, P = 0.043).

Empirical b-lactam (53% versus 79%, P = 0.032) was associated with lower mortality
in patients with septic shock compared to those who did not receive empirical b-lac-
tam. Empirical combination therapy with a b-lactam plus amikacin was associated
with lower mortality compared to those receiving b-lactam without amikacin (41%
versus 70%, respectively; P , 0.001). Combination therapy including Gram-positive
coverage (namely, vancomycin, teicoplanin, daptomycin, or linezolid) had no signifi-
cant impact on mortality (48.8% in episodes receiving specific Gram-positive coverage
versus 57.9% in those not receiving Gram-positive coverage, P = 0.169).

Mortality in episodes receiving IEAT was 76%, contrasting with the 51% reported in
patients receiving appropriate empirical treatment (P = 0.002). Specifically, in those
episodes caused by GNB presenting with shock, mortality was 83% in cases of IEAT
and 51% in cases of appropriate empirical therapy (P = 0.003). When analyzing BSI epi-
sodes due to GPC, we did not observe any significant differences in mortality regarding
appropriateness of empirical treatment (54% versus 52%, P = 0.926).

Table 3 shows mortality rates according to active empirical antibiotic coverage
administered to patients with GNB BSI presenting with septic shock. In those cases, in
which amikacin was the only active antibiotic administered (mainly because the isolated
microorganism was resistant to the combined b-lactam), the mortality rate was 90%.
Conversely, when only a b-lactam was active, mortality was 66%. The lowest mortality
reported was when patients received an active combination of b-lactam and either ami-
kacin (39%) or quinolone (33%). When selecting those episodes caused by microorgan-
isms susceptible to both b-lactam and amikacin, mortality was 65.6% (40/61) in patients

TABLE 1 Clinical and demographic characteristics of patients with BSI episodes presenting with and without septic shockc

Characteristic All episodes (n = 1,563) No septic shock (n = 1,306) Septic shock (n = 257) P value
Demographic data
Age, median (IQR), yr 59 (48–67) 61 (51–69) 59 (47–66) 0.616
Male sex 918 (59) 768 (59) 150 (58) 0.896

Underlying disease
Hematological malignancy 1,348 (86) 1,168 (89) 180 (70) ,0.001
Solid neoplasma 238 (15) 157 (12) 81 (32) ,0.001

Hematopoietic stem cell transplant 400 (26) 355 (27) 45 (18) 0.001
Allogenic/autologous 249/151 (62/38)b 215/140 (61/39)b 34/11 (76/24)b 0.051

Any comorbidity 456 (29) 366 (28) 90 (35) 0.024
Corticosteroid therapy 588 (38) 461 (35) 127 (49) ,0.001
Nosocomial BSI (vs health care or community acquired) 999 (64) 883 (68) 116 (45) ,0.001

Source of BSI
Endogenous/unknown 763 (49) 650 (50) 113 (44) 0.089
Catheter related 333 (21) 309 (24) 24 (9) ,0.001
Abdominal 102 (7) 72 (6) 30 (12) ,0.001
Pulmonary 97 (6) 49 (4) 48 (19) ,0.001
Urinary 83 (5) 62 (5) 21 (8) 0.025

Inappropriate empirical antibiotic therapy 471 (30) 426 (32.6) 45 (17.5) ,0.001
For Gram-positive cocci 290 (18.6) 277 (21.2) 13 (5.1) ,0.001
For Gram-negative bacilli 146 (9.3) 121 (9.3) 25 (9.7) 0.816

Outcome
Mechanical ventilation requirement 100 (6.6) 29 (2.3) 71 (27.6) ,0.001
30-day mortality 342 (21.9) 201 (15.4) 141 (54.9) ,0.001

aThere were 25 patients who had both a hematological malignancy and a solid neoplasm.
bPercentage among hematopoietic stem cell transplant recipients.
cAbbreviations: IQR, interquartile range; BSI, bloodstream infection. All values except age are shown as no. (%).
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receiving monotherapy with a b-lactam versus 39.6% (42/106) in those receiving combi-
nation therapy with amikacin.

Table 4 shows the univariate and multivariate analyses of risk factors for mortality
in patients with shock. In the multivariate analysis, age of .70 years (odds ratio [OR],
2.4; 95% confidence interval [CI], 1.2 to 4.7), IEAT for GNB or Candida spp. (OR, 3.8; 95%
CI, 1.3 to 11.1), episodes presenting with AKI (OR, 2.6; 95% CI, 1.4 to 4.9), and the recep-
tion of amikacin as the only active antibiotic (OR, 15.2; 95% CI, 1.7 to 134.5) were inde-
pendent risk factors for increased mortality, while combination therapy with a b-lac-
tam and amikacin was protective (OR, 0.3; 95% CI, 0.2 to 0.6). The Hosmer-Lemeshow
test was 0.232, and the area under the receiver operating characteristic (ROC) curve
was 0.74 (95% CI, 0.68 to 0.80), showing a moderate ability to predict mortality. The
same variables, with minor changes in OR values, were independently associated with
mortality when the propensity score for receiving IEAT in BSI caused by GNB or
Candida spp. was incorporated into the model (ROC curve, 0.77; 95% CI, 0.70 to 0.83).
The Durbin-Watson test was 2.161 and variance inflation factor was,2 for all variables,
suggesting the lack of collinearity among variables used in the multivariable analysis.

TABLE 2 Etiological microorganisms in BSI episodes presenting with and without septic
shocka

Microorganism
All episodes
(n = 1,563)

No septic shock
(n = 1,306)

Septic shock
(n = 257) P value

Gram-positive cocci 656 (42) 600 (46) 56 (22) ,0.001
Coagulase-negative staphylococci 291 (19) 280 (21) 11 (4) ,0.001

S. aureus 72 (5) 65 (5) 7 (3) 0.142
MRSA 12 (17)* 8 (12)* 4 (57)* 0.120

Enterococcus spp. 222 (14) 205 (16) 17 (7) ,0.001
E. faecalis 66 (30)* 56 (27)* 10 (59)* 0.772
E. faecium 148 (67)* 142 (69)* 6 (35)* ,0.001
E. faecium, vancomycin resistant 10 (5)* 10 (5)* 0 0.383

Streptococcus spp. 98 (6) 76 (6) 22 (9) 0.098
S. pneumoniae 17 (17)* 10 (13)* 7 (32)* 0.006

Gram-negative bacilli 881 (56) 674 (52) 207 (81) ,0.001

E. coli 376 (24) 284 (22) 92 (36) ,0.001
ESBL 80 (21)* 67 (24)* 13 (14)* 0.962
Carbapenemase 2 (1)* 2 (1)* 0 1.000

Klebsiella spp. 137 (9) 103 (8) 34 (13) 0.006
ESBL 32 (23)* 27 (26)* 5 (15)* 0.900
Carbapenemase 3 (2)* 3 (3)* 0 1.000

P. aeruginosa 234 (15) 162 (12) 72 (28) ,0.001
MDR 59 (25)* 46 (28)* 13 (18)* 0.238
XDR 38 (16)* 30 (19)* 8 (11)* 0.438

Enterobacter spp. 56 (4) 49 (4) 7 (3) 0.418
AmpC-hyperproducer strain 9 (16)* 8 (16)* 1 (14)* 1.000

S. maltophilia 35 (2) 33 (3) 2 (1) 0.104
MDR-GNB 210 (13) 171 (13) 39 (15) 0.371

Candidemia 50 (3) 37 (3) 13 (5) 0.064
C. albicans 11 (22)* 6 (16)* 5 (38)* 0.009
Non-albicans candidemia 39 (78)* 31 (84)* 8 (62)* 0.487

Polymicrobial 180 (12) 146 (11) 34 (13) 0.347
aAbbreviations: MRSA, methicillin-resistant S. aureus; ESBL, extended-spectrum b-lactamase; MDR, multidrug
resistant; XDR, extensively drug resistant; GNB, Gram-negative bacilli. *, asterisk indicates percentage among its
species.
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DISCUSSION

The current study showed that neutropenic patients with BSI frequently presented
with septic shock (16%), especially those with solid neoplasms or who had received
corticosteroids. The fact that oncologic patients with BSI present with septic shock
more frequently than hematological patients has been previously reported (13–15)
and may be related to the higher incidence of pulmonary, abdominal, and urinary
source in this population. Another potential explanation is the higher presence of
coagulase-negative staphylococcal BSI in hematological patients, which are less likely
associated with septic shock.

Remarkably, BSI with septic shock is essentially caused by GNB, predominantly by
Escherichia coli, P. aeruginosa, and Klebsiella spp. GNB and E. coli, especially, have been
previously associated with the presence of septic shock in neutropenic patients (9, 16,
17). In fact, in the current study, these three pathogens together caused over three-
quarters of all BSI episodes in patients with septic shock. Most importantly, and similar
to a recent Korean study (16), almost 20% of GNB isolates producing septic shock were
MDR. Conversely, GPC caused only 20% of BSI episodes with septic shock, and approxi-
mately one-third of those were polymicrobial episodes along with GNB. This was not
unexpected, as most Gram-positive bacteria in this cohort were low-virulence patho-
gens like coagulase-negative staphylococci and Enterococcus spp. causing catheter-
related episodes. Additionally, the overall prevalence of Staphylococcus aureus and
Streptococcus spp. was relatively low.

TABLE 3Mortality according to active empirical antibiotic coverage administered in Gram-
negative bloodstream infection with septic shocka

Active antibiotic(s) Survival, n (%) Death, n (%)
Only 1 b-lactam was active (n = 64) 22 (34) 42 (66)
Only amikacin was active (n = 10) 1 (10) 9 (90)
Combined b-lactam and amikacin were both active (n = 101) 62 (61) 39 (39)
Combined b-lactam, quinolone, and amikacin were all active (n = 4) 2 (50) 2 (50)
Combined b-lactam and quinolone were both active (n = 6) 4 (67) 2 (33)
No active empirical antibiotic was administered (n = 22) 3 (14) 19 (86)
aP value for all data is,0.001.

FIG 1 Additional value for empirical combination treatment with specific Gram-positive coverage and
amikacin in patients with septic shock regarding antimicrobial susceptibility of the isolated
microorganism. For specific Gram-positive coverage, (i) isolated microorganism was resistant to Gram-
positive coverage in 69% of cases; (ii) isolated microorganism was susceptible to Gram-positive
coverage, but another active antibiotic was also administered in 13% of cases; and (iii) Gram-positive
coverage was the only active antibiotic in 18% of cases. For amikacin, (i) isolated microorganism was
resistant to amikacin in 15% of cases; (ii) isolated microorganism was susceptible to amikacin, but
another active antibiotic was also administered in 78% of cases; and (iii) amikacin was the only active
antibiotic in 7% of cases. *, including glycopeptides (vancomycin and teicoplanin), daptomycin, and
linezolid.
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Mortality in neutropenic patients with BSI and septic shock was extremely high
(55%). Most series of patients with septic shock and BSI including nonneutropenic
patients report remarkably lower mortalities ranging from 35% to 45% (9, 18, 19). This
highlights the pivotal role of granulocytes in controlling infection (20), emphasizing
the importance of early and effective treatment to diminish this devastating mortality
in neutropenic patients.

The Infectious Diseases Society of America (IDSA) febrile neutropenic guidelines rec-
ommend adding specific Gram-positive coverage in patients with hemodynamic insta-
bility (12), even though common empirical regimens offer pertinent coverage for most
GPC, excluding methicillin-resistant staphylococci and Enterococcus spp. However, in
our cohort, we did not find that empirical, specific Gram-positive coverage had a signif-
icant impact on mortality. Several studies have demonstrated toxicity due to vancomy-
cin in neutropenic patients (21), and new drugs like daptomycin could be associated
with increased costs. In view of these results, specific Gram-positive coverage is ques-
tionable in patients without proven infection, suspicion of catheter-related BSI, or
methicillin-resistant S. aureus (MRSA) colonization.

In this study, combination therapy with a b-lactam plus amikacin was an independ-
ent factor for lower mortality in patients with septic shock compared to those not
receiving amikacin combination. A prior meta-analysis failed to demonstrate any bene-
fit of b-lactam–aminoglycoside combination in neutropenic patients with cancer (22).
However, this is still a controversial issue. For example, Martinez et al. showed that ami-
noglycoside combination was able to reduce mortality, but only in those episodes

TABLE 4 Risk factors for overall mortality, by univariate and multivariate analysisa

Risk factor Univariate OR (95% CI) P value Multivariate OR (95% CI) P value
Male sex 0.78 (0.48–1.30) 0.346
Age$70 yr 2.23 (1.20–4.15) 0.010 2.36 (1.19–4.68) 0.014
Acute leukemia 0.65 (0.38–1.13) 0.125
Non-Hodgkin lymphoma 0.94 (0.52–1.72) 0.847
Multiple myeloma 0.90 (0.37–2.19) 0.811
Chronic leukemia 8.78 (1.10–69.63) 0.014 5.02 (0.60–42.22) 0.138
Solid neoplasia 0.96 (0.57–1.64) 0.906
Hematopoietic stem cell transplantation 1.29 (0.67–2.48) 0.446
Any comorbidity 1.04 (0.62–1.75) 0.870
Corticosteroid therapy 1.16 (0.71–1.89) 0.560
Nosocomial acquisition 1.41 (0.86–2.31) 0.177
Pulmonary source 2.06 (1.06–4.01) 0.032 1.35 (0.58–3.18) 0.486
Endogenous/unknown source 0.60 (0.37–0.98) 0.043 0.69 (0.39–1.23) 0.211
Catheter-related BSI 0.81 (0.35–1.87) 0.615
Acute kidney injury 2.48 (1.41–4.37) 0.001 2.60 (1.39–4.90) 0.003
Empirical b-lactam 0.26 (0.73–0.94) 0.037 0.41 (0.08–2.16) 0.294
Empirical carbapenem 0.94 (0.58–1.55) 0.819
Empirical b-lactam plus aminoglycoside 0.30 (0.18–0.50) <0.001 0.32 (0.18–0.57) <0.001
Empirical b-lactam plus specific Gram-positive coverage 0.69 (0.41–1.17) 0.169
Amikacin as the only active antibiotic 7.84 (0.98–62.83) 0.025 15.24 (1.73–134.45) 0.014
b-Lactam as the only active antibiotic 1.81 (1.01–3.26) 0.046 1.66 (0.72–3.82) 0.236
Coagulase-negative staphylococci 0.34 (0.09–1.34) 0.193
Staphylococcus aureus 2.10 (0.40–11.01) 0.462
Enterococcus spp. 1.19 (0.44–3.23) 0.734
Streptococcus spp. 1.08 (0.45–2.55) 0.867
E. coli 0.97 (0.58–1.62) 0.901
Klebsiella spp. 0.80 (0.39–1.64) 0.541
Pseudomonas aeruginosa 1.32 (0.76–2.29) 0.329
MDR P. aeruginosa 3.19 (0.87–11.71) 0.096
MDR-GNB 1.57 (0.77–3.18) 0.208
Candidemia 4.82 (1.05–22.22) 0.042 2.18 (0.34–13.94) 0.411
Polymicrobial 1.86 (0.86–3.99) 0.108
Inappropriate empirical antibiotic therapy for GNB or
Candida spp.

5.74 (2.14–15.38) <0.001 3.81 (1.31–11.11) 0.014

aAbbreviations: ESBL, extended-spectrum b-lactamase; MDR, multidrug resistant; GNB, Gram-negative bacilli. Boldface indicates statistically significant values (P value, 0.05).
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presenting with septic shock or neutropenia (23). It has been hypothesized that a
potential benefit of combination therapy may be the broadening of the initial antimi-
crobial spectrum and a resulting decreased likelihood of IEAT (23). However, in this
study, amikacin as the only active antibiotic (basically when the isolated microorgan-
ism is resistant to empirical b-lactam) was independently associated with increased
mortality, suggesting that any potential benefit is mainly due to a synergistic effect
(24, 25). Similar results were recently found in the AMINOLACTAM study, in which our
hospitals participated (26), analyzing only BSI episodes receiving adequate empirical
antibiotic therapy. In that study, focusing on hematologic neutropenic patients, empiri-
cal short-course aminoglycoside combined with a b-lactam significantly improved the
7-day case fatality rate, without significantly impairing renal function. However, as in
the present study, mortality increased when the aminoglycoside was the only active
antibiotic, suggesting again that the benefit of combination is mainly driven by an
enhanced bactericidal effect.

AKI is commonly associated with increased mortality in patients with shock. In this
sense, some may speculate that the protective role of amikacin in this cohort was due
to less administration of the drug in those patients with AKI. However, in the multivari-
ate analysis performed, both AKI and combination therapy with amikacin were inde-
pendently associated with mortality.

Our study reinforces the relevance of b-lactam therapy adequacy to improve
patient outcomes. Approximately 20% of patients with septic shock received IEAT, and
this was mainly due to P. aeruginosa and Candida spp. Most importantly, mortality in
episodes caused by GNB and Candida spp. presenting with septic shock and receiving
IEAT was extremely high (83% and 90%, respectively). Considering that amikacin
“monotherapy” is associated with increased mortality, warranting an active b-lactam is
essential to improve the prognosis of this highly lethal entity. In this sense, new b-lac-
tams such as ceftazidime-avibactam and ceftolozane-tazobactam should be consid-
ered empirical therapeutic options for patients with a higher risk of MDR-GNB, even in
a potentially synergistic association with carbapenems (27). Following this broad and
aggressive approach, early antibiotic deescalation is safe (28, 29) and must be a prior-
ity. Finally, identifying patients at risk of candidemia is critical when considering cover-
age for this relatively uncommon yet fatal complication (30).

The strengths of this study are the large number of patients included, prospective
data collection, and thorough evaluation by an infectious disease expert. Additionally,
a propensity score analysis was included to make the groups receiving appropriate ver-
sus inappropriate empirical antibiotic treatment comparable. Some limitations should,
however, be acknowledged. (i) External validity of this study could be limited since it
was performed in two centers from the same geographical area. Global epidemiology
and prevalence of MDR pathogens may vary in other centers. (ii) Different definitions
for septic shock have existed throughout the study period (31, 32). As we do not have
the lactate values available for older episodes, some of them may not have met criteria
for septic shock according to the current guidelines. (iii) Exact time to initiation of anti-
biotic, which impacts the outcome of these patients, was not available. (iv) The broad
confidence interval ranges in some of the multivariate analysis variables suggest there
may exist some sparse data bias. (v) Finally, as this is not a randomized clinical trial,
there is no way to completely exclude confounding variables driving the observed
associations.

Conclusion. Septic shock in febrile neutropenic patients with BSI is essentially
caused by GNB and is associated with extremely high mortality, especially in patients
receiving IEAT. Empirical Gram-positive coverage had no impact on mortality. Empirical
combination of a b-lactam plus amikacin was associated with lower mortality com-
pared to those patients who did not receive amikacin. However, when amikacin was
the only active antibiotic (mainly because the isolated microorganism was resistant to
the empirical b-lactam), mortality was 90%. Administering an active b-lactam in
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combination with amikacin should be strongly considered in neutropenic patients
with septic shock.

MATERIALS ANDMETHODS
Setting, study population, and design. This descriptive, retrospective study was conducted in two

university hospitals in Barcelona, Spain: Hospital Clinic and Hospital de Bellvitge (700-bed centers). This
study was approved by the Ethics Committee Board (Comité de �Etica de la Investigación con medicamen-
tos) of our institution (HCB/2020/0509). Informed consent was waived due to the retrospective nature of
the study. A specific database prospectively collected all BSI episodes occurring in onco-hematological
patients. For this study, we retrospectively analyzed all episodes of BSI in adult (.18 years) neutropenic
patients, identified between 2010 and 2019. The following data had been gathered in specific prospec-
tively collected databases in both centers: age and gender, comorbidities and baseline disease, source of
BSI, causative agents and their antibiotic susceptibility profiles, empirical antibiotic treatments, septic
shock at onset, mechanical ventilation requirement, and 30-day mortality. For this study, both databases
underwent unification. Episodes presenting with septic shock were compared with those without septic
shock.

Definitions. Patients with febrile neutropenia were defined as those who had either a single temper-
ature measurement of .38.3°C or that of .38.0°C sustained over a 1-h period, and an absolute neutro-
phil count of #500 cells/mm3. Per hospital protocols, patients with expected grade IV neutropenia over
10 days received prophylaxis with levofloxacin at Hospital Clinic but not at Hospital Bellvitge. Septic
shock was defined as sepsis episodes requiring the use of vasopressors due to persistent hypotension
despite fluid therapy (31), with a causal and temporal relationship with the BSI episode. Acute kidney
injury (AKI) was defined as a rise in serum creatinine by .0.3 mg/dL within 2 days of BSI (33). Prior anti-
biotic therapy was defined as the usage of any antimicrobial agent for $3 days throughout the month
before the BSI episode, including quinolone prophylaxis. In this paper, we refer to active antibiotic
according to its susceptibility testing. In this sense, “b-lactam as the only active antibiotic” or “amikacin
as the only active antibiotic” refers to the fact that although other antibiotics may have been adminis-
tered, these were the only active antibiotics according to susceptibility testing.

Definitions of comorbidities and site of infection have been previously provided (7, 34, 35). Catheter-
related BSI was defined as the presence of one positive peripheral blood culture and a positive semiquanti-
tative or quantitative catheter tip culture that grew the same microorganism found in the peripheral blood
culture. In the absence of a positive catheter tip culture, patients were diagnosed with catheter-related BSI
when local signs of phlebitis were present and there was an absence of other evident, infectious foci (36).
Specifically, in the case of BSI due to coagulase-negative staphylococci without an available catheter tip
culture, at least two sets of positive blood cultures drawn from different venipuncture localizations were
required to make a diagnosis of BSI. The BSI was considered to be from an unknown or endogenous
source when no other source was identified. Nosocomial infection was defined when clinical manifesta-
tions appeared 48 h after hospital admission. Healthcare-associated infection was defined when the sub-
ject met at least one of the following criteria: recent hospitalization (within the last 30 days), admission
from a long-term-care facility, and being on either chronic hemodialysis or intravenous treatment in the
previous month. The remaining patients were classified as having community-acquired BSI. IEAT was con-
sidered as such when empirical therapy did not include at least one in vitro active antibiotic against the
isolated microorganism. GNB were classified as MDR per prior consolidated definitions (37). Mortality was
defined as death by any cause within the first 30 days of BSI onset.

Microbiological methods. Blood samples were processed using either the Bactec 9240 system or
Bactec FX system (Becton, Dickinson Microbiology Systems), with an incubation period of 5 days.
Isolates were identified by standard techniques. Antimicrobial susceptibility testing was performed with
a microdilution system (MicroScan WalkAway [Dade Behring, West Sacramento, CA] or Phoenix system
[Becton, Dickinson, Franklin Lakes, NJ]) or the Etest (AB Biodisk, Solna, Sweden/bioMérieux, Marcy
l’Etoile, France). Current CLSI or EUCAST breakpoints for each year were used to define susceptibility or
resistance to these antimicrobial agents, and intermediate susceptibility was considered resistance.
Blood culture systems and antimicrobial susceptibility methods were equivalents between the two
hospitals.

Statistical analysis. Categorical variables were described by counts and percentages, whereas continu-
ous variables were expressed as means and standard deviations (SDs) or medians and interquartile ranges
(IQRs). Pearson’s chi-squared test and either the Mann-Whitney U test or Student t test were used to compare
the distributions of categorical and continuous variables, respectively. Factors associated with mortality were
evaluated with univariate and multivariate analyses; the multivariate analysis included all significant variables
(P , 0.05) from the univariate analysis. Given the lack of randomization that could cause differences in the
likelihood of receiving IEAT, a propensity score for IEAT was estimated using a backward stepwise logistic
regression model that included variables related to IEAT with P values of #0.05 in the univariate analysis. For
the propensity score analysis, only those episodes caused by GNB or Candida spp. were considered, because
mortality is much lower in episodes caused by coagulase-negative staphylococci. The following variables
were included based on their presence (yes/no) during the BSI episode: nosocomial BSI; previous antibiotic
therapy, empirical b-lactam plus aminoglycoside combination, BSI caused by E. coli, BSI caused by Klebsiella
spp., BSI caused by MDR P. aeruginosa, and candidemia. Univariate and multivariate analyses for receiving
IEAT are detailed in the supplemental material (Table S1). The goodness of fit of the propensity score was
assessed with the Hosmer-Lemeshow test (P = 0.844). The discriminatory power of the model, as evaluated by
the area under the receiver operating characteristic (ROC) curve, was 0.87 (95% CI, 0.81 to 0.94), showing a
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strong ability to predict IEAT in episodes due to either GNB or Candida spp. Finally, a multivariate regression
model (step-forward procedure) was used to identify independent risk factors for mortality in patients with
BSI episodes presenting with shock. The propensity score for IEAT was used as a covariate in the multivariate
analysis to adjust for potential confounding factors. The goodness of fit of the final multivariate model was
assessed again with the Hosmer-Lemeshow test and the area under the ROC curve. The Durbin-Watson test
and the variance inflation factor were used to evaluate for collinearity. The threshold for statistical significance
was defined as a two-tailed P of ,0.05. All analyses were performed with SPSS software (version 25.0; SPSS,
Inc., Chicago, IL).

Data availability. The data sets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.4 MB.
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