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Purpose: Although few adverse effects have been reported for itraconazole, a widely used
antifungal therapy for febrile neutropenia, we found intravenous (IV) itraconazole to be associ-
ated with serious cases of blood pressure (BP) drop. We therefore evaluated the incidence and
risk factors for BP drop during IV administration of the drug.

Materials and methods: We reviewed the medical records of children with hemato-oncologic
disease who were treated with 1V itraconazole from January 2012 to December 2013.
By analyzing systolic BP (SBP) measurements made from 4 hours before through to 4 hours
after itraconazole administration, we evaluated the changes in SBP and the risk factors for an
SBP drop, especially clinically meaningful (=20%) drops.

Results: Itraconazole was administered 2,627 times to 180 patients. The SBP during the 4 hours
following itraconazole administration was lower than during the 4 hours before administration
(104 [53.0-160.33 mmHg] versus 105 [59.8-148.3 mmHg]; P<<0.001). The decrease in SBP
was associated with the application of continuous renal replacement therapy (CRRT) (P=0.012)
and the use of inotropic (P=0.005) and hypotensive drugs (P=0.021). A clinically meaningful
SBP drop was seen in 5.37% (141 out of 2,627) of the administrations, and the use of inotropics
(odds ratio [OR] 6.70, 95% confidence interval [CI] 3.22—13.92; P<<0.001), reducing the dose
of inotropics (OR 8.08; 95% CI 1.39-46.94; P=0.02), CRRT (OR 3.10, 95% CI 1.41-6.81;
P=0.005), and bacteremia (OR 2.70, 95% CI 1.32-5.51; P=0.007) were risk factors, while age
was a protective factor (OR 0.93, 95% CI 0.89-0.97; P<<0.001).

Conclusion: A decrease in SBP was associated with [V administration of itraconazole. It was
particularly significant in younger patients with bacteremia using inotropic agents and during
application of CRRT. Careful attention to hypotension is warranted during IV administration
of itraconazole in this group of patients.

Keywords: itraconazole, blood pressure, hemato-oncologic disease, hypotensive drug,
inotropics, CRRT

Introduction

Advances in the management of patients with hematologic malignancies over the last
several decades have led to improved survival rates. The most important problem
encountered in survivors is the risk of infection that follows from immunosuppres-
sion, and mortality, especially from invasive fungi, is considerable.'® Because it is
difficult to identify the infective organisms, watchfulness and prevention are important.
Amphotericin B, a classic antifungal agent, has been used for decades to treat systemic
fungal infections, and various other antifungal agents with reduced toxicity have since
been introduced. Itraconazole, a synthetic triazole that covers a broad spectrum of
fungi, including Candida and Aspergillus spp., was approved in 1992.° With reports
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of mostly minor adverse effects, such as headaches, minor
gastrointestinal disorders, injection-site reactions, and
vascular disorders, itraconazole is considered safe and effec-
tive. Currently, it is widely used for hematologic malignancy
patients with prolonged neutropenic fever.%!1%-12

A case of anaphylactic shock during long-term intrave-
nous (IV) administration of itraconazole, however, has been
reported,'* and an animal study revealed a negative inotropic
effect proportional to the serum concentration of the drug.'*
In our clinic, we have occasionally observed cases of blood
pressure (BP) drop after IV administration of itraconazole.
Some patients never recovered from the hypotension, and
two died.

In this paper, we investigated the relationship between
BP drop and IV administration of itraconazole in pediatric
hemato-oncologic patients and the risk factors associated
with the BP drop.

Materials and methods

Selection of patients

This was a retrospective study based on the medical records
of pediatric patients admitted between January 1, 2012 and
December 31, 2013 to the Hemato-Oncology Department
of Seoul National University Children’s Hospital, a
tertiary 380-bed university hospital. Hemato-oncologic
patients =18 years old who were being administered IV
itraconazole (Sporanox® injection 10 mg/mL; Janssen Phar-
maceutica, Beerse, Belgium) prophylactically for fungal
infection were enrolled. The dosage was 5 mg/kg every
12 hours for four doses, then 5 mg/kg every 24 hours. Patients
were excluded if they used itraconazole therapeutically rather
than prophylactically, had taken it orally, or their BP had
not been measured within the 4 hours before and after the
drug’s administration.

The study was conducted in accordance with the Declara-
tion of Helsinki, as amended in 2013, and was approved by
the institutional review board of Seoul National University
Hospital (H-1503-121-658). Written informed consent of the
participants was waived.

Study design and definitions

We investigated the patients’ age, sex, underlying disease,
disease status at the time of itraconazole administration, and
other factors that could influence BP fluctuations, namely
history of taking hypotensive drugs, administration of
inotropics, reduction of inotropic drug dose prior to itracon-
azole administration, continuous renal replacement therapy
(CRRT), and the CRRT-removal rate.

Itraconazole reaches peak serum concentration in
48 hours when given orally, but immediately when given
IV 215 To evaluate BP changes related to IV administration
of itraconazole, we measured systolic BP (SBP) at least once
during the 4 hours before and the 4 hours after its administra-
tion in the all patients enrolled.!

We defined baseline SBP as the mean SBP during the
4 hours before itraconazole administration and postadminis-
tration SBP as the mean SBP measurement during the 4 hours
after the administration of IV itraconazole. We defined the
SBP-drop rate as follows: !¢

SBP-drop _ Baseline SBP — postadministration SBP
rate (%) Baseline SBP

%100 (1)

We defined baseline hypotension as an SBP below
the fifth percentile of the standard SBP for the age of the
patient,'” and hypotensive drugs as those that could induce
hypotension either by design or as an adverse side effect
(ie, antihypertensive drugs, sedatives, and such opioids as
fentanyl).!*!” We considered the effect of a hypotensive drug
when it was given within 2 hours of its half-life. We defined
systemic inflammatory response syndrome (SIRS) as having
two or more findings from the following, among which, 1) or
4)had to be included: 1) body temperature >38.5°C or <36°C;
2) mean heart rate above two standard deviations (SDs) or
below the tenth percentile for age; 3) mean respiratory rate
above two SDs for age; and 4) increased or decreased leuko-
cyte count from the reference value for age.'® Reference body
temperature was the mean axillary temperature during the
4 hours before and the 4 hours after itraconazole administra-
tion. We defined clinically meaningful drop in SBP as an SBP
drop =20% of the baseline SBP." In cases with a clinically
meaningful drop in SBP, immediate intervention, such as IV
fluids or inotropics, might be needed. Therefore, we compared
the difference between the baseline SBP measured during
the 4 hours before itraconazole administration and the lowest
SBP measured during the 4 hours after its administration.'
We defined reduction in inotropics (drugs, including
catecholamine, that can increase cardiac contractility) as a
decrease in dose within the time of its activity (10 minutes for
dopamine, 20 minutes for dobutamine, 1 hour for epineph-
rine, 3 minutes for norepinephrine).” We defined neutropenia
as an absolute neutrophil count <1,000/uL and bacteremia as
the presence of identified organisms in blood cultures.

We classified patients’ underlying diseases into the follow-
ing five categories: acute leukemia, lymphoma, solid tumor,
other hematologic disease (aplastic anemia, hemophagocytic
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lymphobhistiocytosis, Langerhans cell histiocytosis, Fanconi
anemia, idiopathic thrombocytopenic purpura, myelodysplas-
tic syndrome, and thrombotic thrombocytopenic purpura),
and other disease (chronic granulomatous disease, severe
combined immunodeficiency, and osteopetrosis).

We classified the patients’ disease status into the follow-
ing four categories: currently receiving first-line chemother-
apy for leukemia, lymphoma, or solid tumors; had undergone
autologous stem cell transplantation; currently undergoing
allogeneic stem cell transplantation; and prechemotherapy.

We compared SBP during the 4 hours before and
the 4 hours after administration of itraconazole, and evaluated
the incidence of SBP drop and clinically meaningful SBP
drops. We also analyzed the risk factors associated with SBP
drops, especially clinically meaningful drops.

Statistical analysis

We presented continuous nonparametric data as medians and
ranges, and used the Wilcoxon signed-rank test to assess SBP
differences during the 4 hours before and the 4 hours following
itraconazole administration. The trend in SBP during study
periods was evaluated with linear regression analysis. We
identified risk factors associated with itraconazole-induced
SBP drops using generalized estimation equations, and decided
on the final model using the selection method (backward
selection) for variables that were statistically significant in
univariate analysis. We performed statistical analyses using R
version 3.2.1. (R Foundation for Statistical Computing, Vienna,
Austria), considering P<<0.05 as statistically significant.

Results

Patient characteristics

During the study period, 180 patients were enrolled, and 130
(57.2%) were male. Total IV administrations of itraconazole
to patients enrolled were 2,627 (median 11, range: 1-77 times
per person). Table 1 shows the patient clinical characteristics
for each itraconazole dose.

The median (range) SBP during the 4 hours after itra-
conazole administration (104 [53—-160.3] mmHg) was lower
than it was during the 4 hours before administration (105
[59.8-148.3] mmHg), and the difference was statistically
significant (P<<0.001). The median SBP-drop rate was 1.46%
(—53.46% to 41.18%).

Changes in blood pressure associated

with itraconazole administration
SBP was stable for the 4 hours before the administration of
itraconazole. After administration, it decreased and reached

Table | Clinical characteristics of patients for each itraconazole
dose

Number of doses
(n=2,627)
7.38 (0.28-18.04)

Age (years)

Sex
Female 1,134 (43.2)
Male 1,493 (56.8)
Weight (kg) 22.1 (4.1-84.5)
Itraconazole dose (mg/kg) 4.94 (0-5.53)
Underlying disease
Acute leukemia 1,210 (46.1)
Lymphoma 197 (7.5)
Solid tumor 880 (33.5)
Other hematologic disease® 231 (8.8)
Other disease® 109 (4.2)
Status of therapy
Prechemotherapy 238 (9.1)
First-line chemotherapy 1,090 (41.5)
Postautologous SCT 530 (20.2)
Postallogeneic SCT 769 (29.3)
SIRS 2,016 (76.7)
Duration of underlying disease (years) 211 (0-4,718)
CRRT application 97 (3.7)
Increased removal rate of CRRT 11 (0.4)
Use of inotropics 136 (5.2)
Reduction of inotropics 7(52)
Use of hypotensive drugs 383 (14.6)
Bacteremia 73 (2.8)
Baseline hypotension 45 (1.7)

Notes: *Other hematologic diseases: aplastic anemia, hemophagocytic lymphohi-
stiocytosis, Langerhans cell histiocytosis, Fanconianemia, idiopathic thrombocytopenic
purpura, myelodysplastic syndrome, and thrombotic thrombocytopenic purpura.
®Other diseases: chronic granulomatous disease, severe combined immunodeficiency,
and osteopetrosis. Continuous data presented as median (range) and categorical
data as n (%).

Abbreviations: SCT, stem cell transplantation; SIRS, systemic inflammatory
response syndrome; CRRT, continuous renal replacement therapy.

its lowest point 1 hour later (Table 2). There was a statistically
significant trend of increasing SBP during the 4 hours after
itraconazole administration (Figure 1).

Risk factors for SBP drop following

itraconazole administration

Table 3 shows the clinical characteristics in relation to SBP
associated with itraconazole administration. In univariate
analysis, the SBP was lowered significantly more for CRRT
cases than for non-CRRT cases, while increasing the CRRT-
removal rate 1 hour before itraconazole administration did
not significantly affect SBP. SBP was significantly lower in
patients using inotropics than in those not using them, and
in the former group, those who had taken hypotensive drugs
exhibited a significantly lower SBP than those who had
not taken them. Patients who were hypotensive at baseline
showed significantly higher SBP following itraconazole
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Table 2 Systolic blood pressure according to the time related to
itraconazole administration

Time relative to itraconazole Systolic blood

administration pressure (mmHg)

Hours before

4 105 (47-165)
3 105 (57-154)
2 106 (50-156)
| 105 (56-157)
Hours after
| 102 (30-148)
2 103 (54-170)
3 104 (50-160)
4 104 (40-157)

Note: Data expressed as median (range).

administration than those who were not. Having SIRS or
bacteremia, on the other hand, did not have a statistically
significant influence on itraconazole-induced drop in SBP.

In multivariate analysis, three clinical factors were
significant risk factors for a drop in SBP after itraconazole
administration: administration of inotropics, administration of
hypotensive drugs, and application of CRRT. Baseline hypoten-
sion, in contrast, was associated with a significantly lesser drop
of SBP following itraconazole administration (Table 3).

Risk factors for a =20% SBP drop

Of the 2,627 times that itraconazole was administered, a
clinically meaningful (=20%) drop in SBP followed 141

B=0.555

B=—1.457

-
o
o

Systolic blood pressure (mmHg)
(o)
o

Measurement time (hours)

Figure | Systolic blood pressure for the 4 hours before and the 4 hours after
intravenous administration of itraconazole.

Notes: Before the administration of itraconazole, there was no change in systolic
blood pressure with time. After the administration of itraconazole, there was a
decrease in systolic blood pressure, and it was lowest at | hour after administration.
Then, there was an increasing trend in systolic blood pressure during 4 hours after
the administration of itraconazole, which was statistically significant.
Abbreviation: SE, standard error.

times (5.37%). In univariate analysis of patient clinical
factors, application of CRRT, administration of inotropics,
reduction of inotropic dose, and bacteremia were associ-
ated with an SBP drop >20%, and increasing age reduced
the risk of SBP drops =20%. In multivariable analysis
adjusted for potentially confounding variables, application
of CRRT (odds ratio [OR] 3.10, 95% confidence interval
[CI] 1.41-6.81; P=0.005), use of inotropics (OR 6.69, 95%
CI 3.22-13.92; P<<0.001), reduction of inotropic dose (OR
8.08,95% CI 1.39-46.94; P=0.02), and bacteremia (OR 2.70,
95% CI 1.32-5.51; P=0.007) were associated with a clinically
meaningful SBP drop following itraconazole administration.
A l-year increase in age, however, was associated with a
significant decrease in risk (OR, 0.93, 95% CI 0.89-0.97;
P<<0.001) (Table 4).

Discussion
The objectives of our study were to evaluate the relationship
between the IV administration of itraconazole and the drop
in BP, and what factors are associated with that relationship,
especially with the clinically meaningful drop in BP. There
was a statistically significant drop in SBP after the adminis-
tration of itraconazole, and the rate of SBP drop was 1.46%.
Clinically meaningful drops in SBP were seen in 5.37% cases
of 2,627 times of administration in 180 children. The risk
factors contributing to the SBP drop after the administration
of itraconazole were administration of inotropics, admin-
istration of hypotensive drugs, and application of CRRT.
Interestingly, SIRS and bacteremia did not show statistically
significant relationship with the drop in SBP. Multivariate
analysis revealed that application of CRRT, use of inotrop-
ics, reduction of inotropic dose, bacteremia, and younger age
were independent risk factors for the clinically meaningful
drop in SBP after IV administration of itraconazole.
Patients with prolonged neutropenia who are using
antifungal agents usually have multiple comorbidities, so it
has been difficult to determine which factors cause drops in
BP. Generally, sepsis progression is first suspected, but here
we showed that SIRS and bacteremia were not risk factors
for the BP drop that often follows itraconazole administra-
tion. Hypotensive drugs, such as amlodipine, nicardipine,
nifedipine, nitroglycerin, labetalol, atenolol, carvedilol,
losartan, and fentanyl, can lower SBP, and itraconazole was
administered during the initial half-life of such drugs, which
could have exacerbated the hypotension. The itraconazole-
induced increase in SBP in patients who had hypotension
prior to itraconazole administration could have been due to
associated interventions, such as fluid challenges or increases
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Table 3 Clinical characteristics affecting systolic blood pressure following itraconazole administration

Clinical characteristics Univariate analysis

Multivariate analysis

P-coefficient SE P-value P-coefficient SE P-value
Age (years) -0.0427 0.0493 0.387
Sex
Female Reference
Male 0.0497 0.5064 0.922
Itraconazole dose (mg/kg) 0.3410 0.4840 0.480
Underlying disease
Acute leukemia Reference
Lymphoma 0.9250 1.1660 0.428
Solid tumor 0.7900 0.5390 0.143
Other hematologic disease® 1.6280 1.0110 0.107
Other disease® —0.4090 1.3080 0.754
Status of therapy
Prechemotherapy Reference
First-line chemotherapy —0.3744 1.4782 0.800
Postautologous SCT —-0.1399 1.4756 0.924
Postallogeneic SCT 0.1294 1.6489 0.937
SIRS 0.3460 0.4920 0.482
Duration of underlying disease (years) —0.0001 0.0003 0.710
State of CRRT application 3.4840 1.1680 0.003 3.0610 1.2190 0.0120
Increased removal rate of CRRT —4.0900 3.8000 0.280
Use of inotropics 2.5620 1.0370 0.014 2.6970 0.9560 0.0048
Reduced inotropics 5.4000 3.7400 0.149
Use of hypotensive drugs 1.8000 0.7010 0.010 1.6060 0.6940 0.0207
Bacteremia 0.9000 1.0610 0.400
Baseline hypotension —11.1890 1.4510 <0.001 —-11.7380 1.4060 <0.001

Notes: *Other hematologic diseases: aplastic anemia, hemophagocytic lymphohistiocytosis, Langerhans cell histiocytosis, Fanconi anemia, idiopathic thrombocytopenic
purpura, myelodysplastic syndrome, and thrombotic thrombocytopenic purpura. ®*Other diseases: chronic granulomatous disease, severe combined immunodeficiency, and

osteopetrosis.

Abbreviations: SE, standard error; SCT, stem cell transplantation; SIRS, systemic inflammatory response syndrome; CRRT, continuous renal replacement therapy.

in inotropic dose during itraconazole administration.
We therefore cannot exclude the possibility of underestimat-
ing the severity of the SBP drop in this patient group, and
it is difficult to rule out baseline hypotension as a possible
risk factor for SBP drop after itraconazole administration.
Younger age was a risk factor for a clinically meaningful
SBP drop associated with itraconazole, so further studies are
needed to clarify the relationship between age and the effect
of itraconazole on BP.

The use of inotropics and reducing their dose were risk
factors for meaningful SBP drops. Itraconazole itself has
negative inotropic effects in rabbits, dogs,'**! and healthy
human volunteers, and administration of itraconazole to
patients with congestive heart failure requires great care.?'-?
Because itraconazole administered IV reaches peak serum
concentration rapidly compared with the oral form,® its nega-
tive inotropic effects appear more abruptly. In patients who
maintain their cardiac contractility and SBP in the presence
of inotropics, IV administration of itraconazole can offset
the effect of inotropics and cause an SBP drop. Reducing
the inotropic dose was not associated with a drop in SBP,

but was a risk factor for a clinically meaningful drop in SBP.
We speculate that the negative inotropic effect of itraconazole
is more prominent in a specific group of patients in whom
the SBP drop can be more severe. The application of CRRT
and an increase in its removal rate were also risk factors for
a clinically meaningful SBP drop. CRRT usually reduces
the risk of hemodynamic instability better than conventional
hemodialysis, but we think that the negative inotropic effect
of itraconazole is more prominent in this patient group.

Our study has several limitations. It was a single-center
experience. We analyzed only SBP, so the effect of itra-
conazole on diastolic BP could not be evaluated. Also,
since this was a retrospective study, we could not calculate
the glomerular filtration rate precisely, and thus could not
exclude the possibility that CRRT affected the serum level
of itraconazole.

In light of our findings, we recommend that BP be
measured more frequently than at the usual 4- to 8-hour
intervals in patients being administered IV itraconazole.
We also recommend that itraconazole be used with cau-
tion in patients taking hypotensive or inotropic drugs and
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when applying CRRT, especially in younger age groups.

In addition, a prospective, age-stratified study to evaluate

more precisely the relationship between IV itraconazole and
BP drop is needed.
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