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Abstract

Background: Acute lymphoblastic leukemia (ALL) affects both children and adults, with a peak incidence
between the ages of 2 and 5 years. ALL cells sometimes penetrate the central nervous system (CNS) and patients
with CNS diseases at initial presentation have been reported to experience a significantly greater risk of treatment
failure compared with CNS negative patients. This study hypothesized that the prone position may reduce the
CNS involvement compared with the supine position, therefore the aim of this study was to evaluate the role of
supine and prone positions on CNS involvement in ALL patients.

Materials and Methods: This randomized clinical trial was conducted on 38 patients with ALL admitted in
Shahid saddughi Hospital from 2006 to 2016. In this study, 14 patients received prophylaxis intrathecal
chemotherapy with post-injection supine position (control group) and 22 patients received prophylaxis intrathecal
chemotherapy with post-injection prone position (intervention group) White blood cell (WBC) count (CNS
involvement) was evaluated in two groups.

Results: Among 22 patients in the intervention group, 16 (72.7%) were males, and 6 (27.3%) were females and
of the 14 patients in the control group, 8 (57.1%) were males and 6 (42.9%) were females. The difference in the
mean WBCs in the cerebrospinal fluid between the two groups was as follows: the mean WBCs in the control
group was 8.7143 and the mean WBCs in the intervention group was 4.9524. The difference between the two
groups was statistically significant (P-value =0.039). However, no significant difference was seen between the
two groups in terms of sex, age, and duration of disease (p>0.05).

Conclusion: The incidence of CNS involvement was significantly decreased when patients were placed in the
post-puncture prone position for 3 hours.
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Introduction

Acute lymphoblastic leukemia (ALL) is an
acute form of leukemia, in which there is an
overproduction of cancerous, immature
white blood cells, known as lymphoblasts.
The overproduced lymphoblasts cause
damage and death by inhibiting the
production of normal cells in the bone
marrow and by infiltrating other organs (1).
It affects both children and adults in
bimodal age distribution, with peak
incidence between the ages of two and five
years and another peak in old age (2).

The development of treatment methods has
led to a cure rate of more than 80% in
children (3, 4). There are several risk
factors which lead to treatment failure, one
of them is central nervous system (CNS)
involvement (5, 6). Since ALL cells

sometimes penetrate the CNS, and patients
with CNS disease at initial presentation
have been reported to experience
significantly greater risk of treatment
failure compared with CNS negative
patients, it is a major clinical concern and
prophylactic CNS directed conventional
intrathecal chemotherapy is required for
relapse-free survival (6-8). CNS relapse
occurs in about 3-8 % of patients (9). There
have been ongoing efforts to reduce
treatment failure and relapse and improve
survival outcomes in patients with ALL
(10). The present study made patients lie
prone after intrathecal injection. The
authors hypothesized that the post-injection
prone position would reduce the CNS
involvement compared with the post-
injection supine position.
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Materials and Methods

Study design: This study was a randomized
clinical trial that selected patients with ALL
admitted to shahid sadoughi Hospital of
Yazd University from 2006 to 2016. The
Ethical approval was obtained from the
clinical research and ethics committees of
the Yazd universityof medical sciences
(IR.SSU.MEDICINE.REC.1394.473).
Patients: From 2006 to 2014, 14 patients
who received prophylaxis intrathecal
chemotherapy with the post-injection
supine position were selected
retrospectively as the control group and
from 2014 to 2016, 22 patients who
received the prophylaxis intrathecal
chemotherapy with the post-injection prone
position were selected as the intervention
group. In this study, five patients were
placed in the post-injection supine position
for a while and then placed in the post-
injection prone position. Inclusion criteria
included: less than ten years of age and
indications for the prevention of CNS
involvement caused by the disease. The
following patients were excluded: those
with contraindications for lumbar puncture
(LP) and intrathecal chemotherapy, those
with pre-existing CNS involvement, those
with post-injection leakage, and those who
failed to complete the required rest-time in
post-injection position without
authorization. The sex distribution of the
control group was six female and eight male
patients and for the intervention group was
five females and 14 males. All included
patients signed the informed consent forms.
Treatment plan: The control group was
selected randomly among patients admitted
to the pediatric oncology ward of the shahid
saddughi Hospital from 2005 to 2014, and
the intervention group was selected
randomly among the patients from 2014 to
2016 admitted to the same place.

Patients underwent dexamethasone (6
mg/m?).

The patients went under general anesthesia
before LP with intrathecal injections of
Ketamine, Propofol, and Midazolam in
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toddler age patient and only Ketamine in
infants. In patients with the positive history
of seizure, general anesthesia was
performed with thiopental. LP and
intrathecal injection were performed at the
same time in the L3 — L4 interspace. First,
two milliliters 1 of the cerebrospinal fluid
(CSF) were collected and then
Methotrexate was injected intrathecally.
Methotrexate dosage was as follows: 12.5
milligrams (five milliliters) were injected in
patients more than three years of age and
ten milligrams (five milliliters) injected for
under the three years patients. The patients
were conscious after 30 to 60 minutes and
then to complete post-injection rest-time
(Three hours in sum) in supine or prone
position according to their group. Pulse rate
assessed every 15 minutes in the anesthetic
and rest of the rest time.

Outcomes: The CSF analysis was
performed  for  determining  CNS
involvement and evaluating the difference
between the two groups. The CNS relapse
is defined as  follows:  positive
cytomorphography and  White blood
cells  (WBC) > five /uicroliter and/ or
clinical signs of CNS leukemia such as
facial nerve palsy, brain/eye involvement,
or hypothalamic syndrome (9).

Statistical analysis

In the current study, SPSS version 22.0 was
used for the statistical analysis. T and chi-
square tests were used to compare ratios. P-
Value < 0.05 was considered statistically
significant.

Results

In this study, 33 patients were admitted to
Shahid sadoughi Hospital of Yazd
University and 2 patients were excluded. Of
the 33 subjects, 24 (66.7%) were males, and
12 (33.3%) were females. Of the 22 patients
in the intervention group, 16 (72.7%) were
males, and 6 (27.3%) were females. From
the 14 patients in the control group, 8
(57.1%) were males and 6 (42.9%) were
females. The difference in mean WBCs in
CSF between the two groups was as
follows: the mean WBCs in the control
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group was 8.7143 (5.70329 SD) and the
mean WBCs in the intervention group was
4.9524 (4.59865 SD). The difference
between the two groups was statistically
significant (P-value = 0.039). The
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demographic and clinical characteristics of
the two groups were assessed and there was
no significant difference between the two
groups (table-1).

Table I: Comparison of demographic and clinical characteristics between patients were place in
prone position (case group) and patients were placed in supine position (control group) following
intrathecal chemotherapy.

characteristic Control group
(Mean)

WBC count 8.7143

Age (year) 5.21

Gender

Male 8(57.1%)

Female 6(42.9%)

Treatment duration(day) 459.57
Pearson Chi-Square)

Discussion

Intrathecal chemotherapy is a type of
regional therapy through which the
limitations imposed by the brain-blood
barrier circumvented. Thus, the CSF drug
concentration was maximized while
systemic drug toxicity was eliminated or
reduced. Since prophylaxis therapy has
been associated with CSF  drug
concentration (11), Intrathecal
chemotherapy is the method of choice for
prophylaxis. However, despite the high
drug concentration achieved at the site of
drug injection (lumbar sac), distribution of
drug throughout the CSF is limited
following intralumbar administration. One
of the most important agents that affect the
CSF drug administration is the post-
puncture body position. The authors
evaluated the effect of post-puncture prone
position on CSF drug concentration and
accordingly CNS involvement by placing
the patients in the prone position for 3 hours
rather than the supine position for the same
time. Previous studies assessed the effect
of the post-puncture body position on
complications of LP and concluded that
post-puncture flat position was associated
with less post-puncture headache (12).
Although, another study demonstrated that
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Case group P-value
(Mean)
4.9524 .039
5.05 .858
334
16(72.7%)
6(27.3%)
396.32 .540

there was no difference in the incidence or
duration of the post-puncture headache
between the post-puncture flat position and
immediately mobilization after puncture
(13). Previous studies also evaluated the
CSF drug concentration in the supine
position (14) or immediately upward
position after intrathecal injection. Non-
human evaluations of the CSF drug
concentration after the intralumbar drug
injection demonstrated that post-puncture
body position influenced the drug
distribution throughout the CSF (15, 16).
Another study demonstrated that the mean
peak ventricular methotrexate
concentration was 15-folds higher in
animals placed in the prone position for 1
hour after the intralumbar methotrexate
dose (17), but no study assesses this effect
in human. Furthermore, there is no study
comparing the effect of the post-puncture
prone position in drug concentration rather
than the post-puncture supine position. The
probable mechanism is that the CSF bulk
flow to the ventricles in the post-puncture
flat position is greater compared with the
upward position. For justification of the
difference between the post-puncture prone
and supine positions, the researchers should
consider CSF distribution in both positions.
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A study evaluated the effect of patients’
position on the distribution of the
subarachnoid CSF. They found that the
subarachnoid CSF decreased in the
gravitational direction, due to a downward
shift of grey and white matter tissues.
Therefore, CSF decreased in the anterior
section of the intracranial cavity in the
prone position (18). This pattern of
distribution in the prone position probably
increased the drug concentration in the
posterior section of the intracranial cavity
during the horizontal position and then in
the anterior section after finishing the
procedure. The limitations of the study
included the following items: First, the low
sample size. Second, the authors could not
control all factors that affect the prognosis.
For instance, because of financial reasons,
the assessment of progenitor types of ALL
or karyotype determination was not
possible. An increased risk of CNS
involvement has been observed in patients
affected by the mature B-cell subtype of
ALL (B-ALL) (19) and the All with
Philadelphia (Ph) chromosome-positive
karyotype (20). Another risk factor
predicting CNS relapse was the WBCs
count at diagnosis. The authors didn’t
assess this factor. Another limitation of this
study was the lack of evaluatiion of
systemic chemotherapy and systemic
relapse and its relevance with CNS relapse.

Conclusion

In conclusion, the incidence of CNS
involvement was significantly decreased
when patients were placed in the post-
puncture prone position for 3 hours. The
patient’s age and sex made no significant
difference in outcomes. These findings
supported that the optimal post-injection
position for decreasing the incidence of
CNS involvement was the prone position.
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