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Neutrophil to lymphocyte rate and serum prealbumin maybe
predictors for abnormal high blood pressure caused by
adrenocorticotropic hormone therapy in children with epileptic
spasms: two cases report
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Abstract: Epileptic spasms are a catastrophic form of epilepsy. When epileptic spasms occur under 2-year-
old, they may be also called “infantile spasms”. Adrenocorticotropic hormone (ACTH) is recommended as
first line intervention for the treatment of epileptic spasms without tuberous sclerosis complex. The chief
risks of ACTH therapy are immunosuppression and hypertension. We reported rare cases of abnormal high
blood pressure in two male epileptic spasms patients during ACTH therapy. Both patients’ blood pressure
reached a high blood pressure stage 2 on the 9th day and 10th day of ACTH treatment, respectively. The
blood pressure returned to normal range after the drug dosage was reduced or stopped. The lower level
of neutrophil %, neutrophil count, and a higher level of lymphocyte%, lymphocyte count and prealbumin
than normal range were observed in both patients before ACTH therapy. The neutrophil to lymphocyte
rate might be a predictor for high blood pressure among patients treated with ACTH. The rates of both
patients were under 0.50 (0.42 for Case 1 and 0.17 for Case 2). We reported the documented cases in two
Chinese pediatric patients who suffered from epileptic spasms treated with ACTH resulted in abnormal high
blood pressure, which could be predicted by using neutrophil to lymphocyte rate. We also mentioned serum
prealbumin might be another predictor. More clinical data is required to elucidate the relationship between

serum prealbumin level and blood pressure.

Keywords: Adrenocorticotropic hormone (ACTH); neutrophil; lymphocyte; prealbumin; high blood pressure;

epileptic spasms; infantile spasms

Submitted Nov 13, 2019. Accepted for publication Jan 10, 2020.
doi: 10.21037/atm.2020.01.132
View this article at: http://dx.doi.org/10.21037/atm.2020.01.132

Introduction to occur in clusters (1-3). Both semiology of epileptic
Epileptic spasms are characterized by a sustained tonic spasms and the interictal pattern of hypsarrhythmia on
contraction of the neck, trunk, brief flexion or extension the electroencephalography (EEG) are important in
of the arms and flexion at the waist which usually tend the diagnosis of epileptic spasms (3). When epileptic
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spasms occur during the infantile stage of life, they may
be also called “infantile spasms” (2). Epileptic spasms
are a devastating form of epilepsy with the peak onset
between 4 and 7 months of age, occurring in 0.25 and 0.42
per 1,000 live births per year (2,4-6). Hypoxic-ischemic
encephalopathy, cerebral malformations, cerebrovascular
disease such as stroke, chromosomal, tuberous sclerosis
complex, periventricular leukomalacia and hemorrhage
are the most common etiologies for epileptic spasms (7).
However, only 61% of epileptic spasms had a proven
etiology, about one-third of epileptic spasms were
cryptogenic (7). Children with epileptic spasms often have
developmental disabilities (6).

Adrenocorticotropic hormone (ACTH), corticosteroids,
vigabatrin and ketogenic diet are clinical interventions for
epileptic spasms treatment, but the response rates of these
methods are less than 60%, and 18% of responders later
relapsed (8-10). Among these treatment interventions,
ACTH therapy is considered preferentially treatment for
epileptic spasms with a response rate of 55% (8). There are
two kinds of ACTH on the market worldwide, which are
natural ACTH and synthetic ACTH. Natural ACTH is
39 amino acids in length, which is a highly purified sterile
preparation of the ACTH extracted from the pituitary gland
of animals, available in the USA and China (11). Synthetic
ACTH is a truncated peptide spanning the first 24 residues
of a natural ACTH with a therapeutic effect as the same as
natural ACTH. Both natural ACTH and synthetic ACTH
are used for the treatment of epileptic spasms (12). However,
immunosuppression and hypertension are two chief risks
for epileptic spasms patients treated with ACTH (12,13).
Hypertension, especially in infantile patients, may leads to
congestive heart failure (12). Screening for asymptomatic
hypertension and bio-markers for potential hypertension
caused by ACTH therapy are key safety measures need to
be done before ACTH therapy. We reported such rare cases
of abnormal high blood pressure during ACTH therapy in
two pediatric patients who presented with epileptic spasms.
Both prealbumin and lymphocyte level of these two patients
were higher than normal range, but neutrophil level was
lower than normal range before ACTH therapy.

Case presentation
Case 1

The present patient was a 2-year-7-month-old Chinese
boy suffering from epileptic spasms for about one year.
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He was initially hospitalized in June 2018 for appearance
of paroxysmal nods for three to four times per day and
occasionally accompanied by limb shaking. The symptoms
gradually worsened. Abnormal EEG was observed during
video EEG in Children’s Hospital of Soochow University
(detailed description of EEG was presented in Table 1,
oscillogram of EEG was not available). This patient
was diagnosed with infantile spasms and treated with
ACTH later (25 U, qd, intravenously guttae, for 28 days)
in Soochow. After 28 days ACTH therapy, this patient
was still accompanied with nodding until half a month
treatment with topiramate and prednisone. In March 2019,
the nodding attack appeared again and gradually increased
up to more than 20 times for a cluster. The dosage of
topiramate (50 mg, q12h) was gradually adjusted in the
outpatient department, and nitrazepam tablet was added.
The nodding attack was slightly improved later. This
patient was hospitalized in our hospital on June 1%, 2019 for
further epileptic spasms treatment.

Clinical characteristics of this patient before ACTH
therapy were shown in 7able 1. The blood pressure of this
patient was 104/64 mmHg before ACTH therapy. Results
of main laboratory test during ACTH therapy were listed
in Table 2. The ACTH treatment cycle and dosage of this
patient were shown in Figure 1. After ACTH treatment,
the blood pressure increased to an abnormal range on the
9" day (117/78 mmHg). After adjusting the ACTH therapy
dose from 50 U to 25 U, the patient completed the ACTH
therapy for 14 days, but the blood pressure of this patient
reached a maximum of 119/62 mmHg on the first day
after ACTH treatment (Figure 1A). The blood pressure of
the patient returned to normal 4 days later. There was no
abnormal increase in blood pressure of this patient after
discharge from hospital.

Case 2

The present patient was a 6-month-old Chinese boy
suffering from epileptic spasms for more than one month.
He began to have spasms attack since May 2019. The
clinical symptoms were nodding, rolling eyes and flexion of
limbs for three times a day, 5 to 6 clusters each time. There
was no obvious rigidity shaking, unconsciousness loss, lip
cyanosis and abnormal complexion during the seizures.
Before hospitalized, results from the general EEG in the
outpatient department showed epileptiform activity in
both occipital and temporal areas (Figure 2). Considering
this patient was suffered from epileptic spasms and ACTH
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Table 1 Clinical baseline characteristics of two cases
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Index Case 1 Case 2
Ethnicity Chinese Han population Chinese Han population
Sex Male Male
Age 2 years and 7 months 6 months
Height (cm) 100 68
Weight (kg) 16.3 9.4
Course of disease >1 year >1 month
Temperature (°C) 36.8 36.8
Pulse (/minutes) 102 96
Breathing (/minutes) 24 26

Blood pressure (mmHg) 104/64 90/52

Diagnosis Infantile spasm

Types of seizures Nodding, occasional limb shaking

Frequency of seizures

Any crying or vocalization Not observed

before or during the spasms

Electroencephalogram

3-4 times a day, 5-6 clusters each time

Infantile spasm

Nodding, turning white eyes, lower limb
flexion

3 times a day, 5-6 clusters each time

Not observed

Widespread high-amplitude slow-wave complex spike-wave fast- Epileptic activity in the occipital and

rhythm discharge, spike-slow wave, multi-spike-slow wave, slow- temporal regions (multiple paroxysmal,

spike-slow complex wave, the right temporal is more obvious

The history of ACTH
administration

Yes, 25U x qd x 28 d

Drugs in combination Lactulose oral solution (10 mL, gd)
Topiramate capsules (50 mg, q12h)

Nitrazepam tablets (2.5 mg, g12h)

high-amplitude spikes, spike-slow waves)

No

Sodium valproate oral solution (100 mg,
bid)

ACTH, adrenocorticotropic hormone.

could only be used during hospitalization because of
its potential side effects, sodium valproate oral solution
(2.5 mL, 100 mg, 10.64 mg/kg, bid) was used for epileptic
treatment, but not significantly improved was observed
after valproate treatment. This patient was hospitalized for
further treatment of epileptic spasms on June 11", 2019.
Clinical characteristics of this patient before ACTH
therapy were shown in 7able 1. The blood pressure of this
patient was 90/52 mmHg before ACTH therapy. Results
of main laboratory test during ACTH therapy were also
listed in 7able 2. The ACTH treatment cycle and dosage
of this patient were shown in Figure 1B. Interestingly, the
blood pressure of this patient also increased to an abnormal

range on the 9t day (102/68 mmHg). Although the ACTH

© Annals of Translational Medicine. All rights reserved.

therapy dose was adjusted from 40 to 25 U, the blood
pressure of this patient reached to an abnormal high level
range from 114/60 mmHg in the morning to 122/78 mmHg
in the evening. This patient discontinued ACTH therapy
on the 11" day since ACTH therapy (Figure 1B). The blood
pressure of this patient returned to normal range on the
next day. There was no abnormal increase in blood pressure
of this patient after discharge from hospital.

Investigations

Clinical investigations were performed to assess for the
patient’s treatment. They included patient’s characteristic,
results from laboratory tests, co-administrated drugs and
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Table 2 Results of main laboratory test

Case 1 Case 2
Index (normal range)
B D11 A B D8 A
Regular blood analysis
White blood cell count (4.0-15.0x10%L) 6.24 15.241 15.941 7.88 10.21 /
Red blood cell count (3.70-5.80x10"/L) 4.61 4.5 4.87 4.45 4.51 /
Hemoglobin (110-160 g/L) 134 129 143 122 126 /
Platelet count (100-550x10°%/L) 281 369 348 370 6291 /
Neutrophil % (50-70%) 26.6] 45.2| 42.3] 13.1] 42| /
Neutrophil (2.40-4.00x10%/L) 1.66] 6.897 6.741 1.04] 4.291 /
Basophil % (0.00-0.75%) 1.41 0.00 0.20 0.40 0.01 /
Basophil (0-0.10x10%L) 0.09 0.00 0.03 0.03 0.1 /
Lymphocyte % (20.0-40.0%) 631 45.11 52.61 75.51 51.21 /
Lymphocyte (1.2-3.4x10%/L) 3.937 6.887 8.387 5.957 5.237 /
Neutrophil to lymphocyte rate 0.42 1.00 0.80 0.17 0.82
Serum electrolyte level analysis
ECO2 (22-30 mmol/L) 18] 21 / 24 20] /
Na* (137-145 mmol/L) 143.8 141.4 / 140.1 137.0 /
K" (3.5-5.1 mmol/L) 4.74 3.53 / 5.24 5.58 /
CI” (98-107 mmol/L) 1101 1107 / 104 100 /
Serum liver and kidney function analysis
ALT (10-40 IU/L) 17 24 / 25 27 /
AST (1042 [U/L) 23 23 / 40 33 /
TP (65-81 g/L) 65.1 62.2] / 59.1) 62.6] /
TBIL (3.4-17.1 pmol/L) 5.4 3.8 / 8.6 6.4 /
BUN (2.5-6.4 mmol/L) 3.0 3.9 / 3.1 3.6 /
Cystatin C (<1.09 mg/L) 0.63 0.79 / 1.01 1.08
Creatinine (9-88 umol/L) 25 23 / 24 21
PreAlbumin (0.09-0.12 g/L) 0.21 0.387 / 0.341 0.411 /
Plasma lactic acid level analysis
Lac (0.7-2.1 mmol/L) 2.571 4511 2.571 1.63 / /
Serum cortisol function analysis
Cortisol (6.7-22.6 pg/dL) 49| / / 6.3 / /
ACTH (5.0-45.0 pg/mL) 8.63 / / 21.3 / /
Blood drug concentration monitoring
Serum valproic acid (50-100 mg/L) / / / / / 37]

B, before the ACTH administration; A, after discontinuation of ACTH; ACTH, adrenocorticotropic hormone; ALT, Alanine aminotransferase;
AST, Aspartate aminotransferase; TP, total protein; TBIL, total bilirubin; Lac, lactic acid.
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Figure 1 The relationship between ACTH therapy and blood pressure levels in two children with epileptic spasms. (A) Case 1; (B) Case 2.

ACTH, adrenocorticotropic hormone.

blood pressure levels.

Laboratory tests

Laboratory tests were completed in the laboratory of
National Children's Medical Center, which included regular
blood analysis, serum electrolyte level analysis, serum
liver and kidney function analysis, plasma lactic acid level
analysis, serum cortisol function analysis and blood drug
concentration monitoring. Results of laboratory tests were
listed in Table 2. Interestingly, both patients were associated
with a lower level of neutrophil%, neutrophil count, and a
higher level of lymphocyte%, lymphocyte and prealbumin
than normal range before ACTH therapy. The white blood
cell count level of the first patient (Case 1) was slightly
higher than normal range.

© Annals of Translational Medicine. All rights reserved.

Drugs therapeutic program

Two patients were treated with intravenous infusion of
ACTH with an initial dose 12.5 U/d. The therapeutic
dosage of ACTH was gradually increased. All patients
planned to receive ACTH therapy for 14 days. The
maximum dose of ACTH for the first patient who was over
2 years old was 50 U. The second patient who was under
2 years old was treated with a maximum ACTH dose of
40 U. Detailed ACTH therapeutic program of 2 cases were
shown in Figure 1.

Blood pressure measurement and evaluation

Blood pressure levels of all patients treated with ACTH
were tested before and during ACTH therapy by using
aneroid sphygmomanometer. Diagnosis and assessment
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Figure 2 Classic EEG of case 2 consist of a high amplitude with multifocal spikes. (A) Before ACTH therapy, 8 channel ambulatory EEG of

case 2 consisted with multiple paroxysmal, high-amplitude spikes, spike-slow waves. There was no well-formed anterior-posterior gradient

or discernible posterior dominant rhythm; (B) after ACTH therapy, results from 16 channel digital audiovisual EEG of case 2 indicated that

his EEG activity returned to normal range. EEG, electroencephalography; ACTH, adrenocorticotropic hormone.

of hypertension or abnormal high blood pressure in
children were combining blood pressure varies with age,
sex, and height. If blood pressure was >95™ percentile
(Pys), we recorded it as an abnormal high blood pressure.
Subsequently, the abnormal high blood pressure was staged
according Hypertension Canada’s 2018 Guidelines (14).
Two stages were used to identify the severity of high blood
pressure. If the blood pressure was between the Py; and
99™ percentile (Py,) plus 5 mmHg, the high blood pressure
was defined as Stage 1. If the blood pressure was >Py, plus

© Annals of Translational Medicine. All rights reserved.

5 mmHg, it was defined as stage 2 (14). The Py data and
Py, data of blood pressure of Chinese children aged from 3
to 17 years were obtained from results reported by Fan ez al.
(15,16). Due to the lack of blood pressure data of Chinese
children under 3 years old, we used data from 3-year-old
children combined with individual characteristics of patients
to determine the normal range of blood pressure of each
patients. For 3-year-old patients with height under 96 cm,
the Py; and Py, systolic pressure were 102- and 108-mmHg,
while the Py; and Py, diastolic pressure were 65- and
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72-mmHg, respectively. For 3-year-old patients with height
between 98 to 100 cm, the Py; and Py, systolic pressure
were 104- and 110-mmHg, while the Py; and Py, diastolic
pressure were 66- and 72-mmHg, respectively. For case 1,
the blood pressure of the 9", 15" and 16" day after ACTH
therapy reached high blood pressure stage 2 (systolic
pressure >115 mmHg). And the blood pressure of case 2
reached high blood pressure stage 2 on the 10" day after
ACTH therapy.

Discussion

ACTH was approved by the US Food and Drug
Administration for use in patients since 1952 (17). It could
stimulate the ACTH receptor, which lead to a stimulation
of the adrenal cortex, resulting in the increase of cortisol
production. In 2004, a report from American Academy of
Neurology/Child Neurology Society indicated that ACTH
was an effective agent for the treatment of epileptic spasms
(18,19). The cost for epileptic spasms treatment with
ACTH estimated about US$70,000 to US$150,000 in the
USA, and about RMB5,000 (US$715) for a 14 days course
of ACTH therapy in China (3,9). Oral corticosteroids are
another choice for epileptic spasms therapy. Synthesizing
glucocorticoid made corticosteroids oral administration
available and a drop-in price (17). But oral corticosteroids
are used off-label for the treatment of epileptic spasms (3).
Although the Unite States Food and Drug Administration
approve ACTH for the treatment of infantile spasms in
infants and children under 2 years of age, ACTH are still
used off-label for the treatment of epileptic spasms in China.
Patients with epileptic spasms resulted from etiologies but not
tuberous sclerosis complex were still recommended ACTH
as first line intervention (19). Results from Chinese experts
Yin et al. indicated that 14" day of ACTH treatment could
be a useful dme point to evaluate whether such patient need
a continual ACTH treatment for up to 28 days (20). They
also found that maintaining the same ACTH dose resulted
in a higher response rate than doubling the ACTH dose in
patients with infantile spasms (20). Results from our previous
study indicated that short-term (14 days) of the ACTH
incremental therapy was also effective for the treatment of
infantile spasms with a low incidence of adverse reaction (21).
For the first patient (Case 1), he received a 28 days of ACTH
treatment previously in Soochow. But for both patients, they
were treated with 14 days ACTH incremental therapy in our
hospital. After ACTH treatment, oral corticosteroids such
as prednisone are considered as follow up treatment instead

© Annals of Translational Medicine. All rights reserved.
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of gradually tapered and discontinued of a 2-week period
ACTH therapy.

The chief risks of ACTH therapy are immunosuppression
and hypertension as other hormonal therapies (12).
Immunosuppression, which is always associated with
infections, can be severe and lethal. In our cases report, the
white blood cell counts of the first patient (Case 1) were
slightly higher than normal range raised to 15.24x10"/L on
the 11" day since ACTH therapy and 15.94x10°/L at the
end of ACTH therapy, which indicated that infection might
accompanied with this patient. But highly blood pressures
were observed in both patients during the ACTH therapy
in our study. Persistent hypertension of children may lead
to yield congestive heart failure (13,22). Children can be
diagnosed as hypertensive when the blood pressure measured
on at least 3 separate occasions were >Py; data for age, sex and
height (14). In our cases report, both patients were reached
high blood pressure stage 2, which indicated that the blood
pressure of both patients were extremely high. Due to the lack
of standards of blood pressure for children under 3 years old,
we can only estimate the standard ranges for children under 3
years old by their sex and closest height. The standard ranges
of blood pressure increase with age and height (15). This
suggests that the highly blood pressure in these two children
may be more serious. Our previous study showed that the
incidence of high blood pressure of patients who suffered
from infantile spasms with incremental ACTH therapy was
2.5% (21). Results from Yin ez 4l. indicated that after different
once-daily doses of ACTH for Chinese patients with infantile
spasms, the incidences of high blood pressure were ranged
from 13.5% to 23.6% (20). However, Eliyan ez 4/. pointed
out that hypertension was not more common among infantile
spasms patients who treated with ACTH and prednisolone
when compared with prednisolone monotherapy (23). Results
from Angappan er a/. found after intramuscular ACTH in
infants with West syndrome in India, hypertension was the
predominant adverse effect with an incidence of 93.3% (24).
Recently, a retrospective study reported by McGarry er al.
quantified the incidence of hypertension and indicated that
hypertension occurred in 44% children who suffered from
infantile spasms during the treatment with ACTH (25).
Although the incidence of hypertension among patients treated
with ACTH is subject to ongoing debate, there is still needing
to screen for asymptomatic high blood pressure before and
during ACTH therapy.

In this cases report, both patients were found with high
blood pressure stage 2 on the 9" day and 10" day of ACTH
treatment. Interestingly, the lower level of neutrophil%,
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neutrophil count, and a higher level of lymphocyte%,
lymphocyte count and prealbumin than normal range were
found in both patients before starting ACTH therapy.
Neutrophil to lymphocyte rate might be a predictor
for incident hypertension. Results from a 9-year cohort
study in Taiwan proved this hypothesis (26). It was also
demonstrated in a large-scale cohort (27). Neutrophils
were associated with inflammatory processes and were
involved in releasing reactive oxygen species, which were
involved in nitric oxide-based cell signaling resulted in the
vascular disorders potentially associated with hypertension
(28,29). Lymphocyte, especially T lymphocyte, also
participate in the hypertensive process. Limitation of
CD28 and B7 ligation in T lymphocyte resulted in the
attenuated of hypertensive condition (30). Furthermore,
stimulation of T lymphocytes also resulted in angiotensin II
-mediated hypertensive response (31). During the ACTH
therapy, the fast increasing the level of neutrophil but not
lymphocyte resulted in the abnormal high blood pressure.
We think neutrophil to lymphocyte rate before starting
ACTH therapy can be used as a predictor for incident
hypertension. But all the related evidences were obtained
from adults’ patients, especially in elderly groups (26,27).
The normal range of neutrophil to lymphocyte rate among
these patients is between 0.78 and 3.53 (32). In this cases
report, the neutrophil to lymphocyte rates of both patients
before ACTH therapy were 0.42 and 0.17 respectively.
We deduced neutrophil to lymphocyte rate lower than 0.5
before starting ACTH therapy could predict high blood
pressure among these patients who suffered from epileptic
spasms and treated with ACTH. Whether these patients
are already predisposed for incidental hypertension and
the ACTH treatment pushes them over the edge is needed
further evaluation in a larger study in the future.

Serum prealbumin (also as known as transthyretin),
is a serum protein secreted mainly by the liver with
short half-life. It is mainly involved in thyroid hormones
transportation (33). Prealbumin can be used as a predictor
of survival in hemodialysis and peritoneal dialysis (34).
End-stage renal disease patients with prealbumin greater
than 0.3 g/L were associated with a significantly higher
survival rate (34). For patients receiving hemodialysis,
lower serum prealbumin were also associated with a higher
death risk (35). Results from Chrysostomou et 4/. indicated
hemodialysis patients had higher levels of prealbumin
when compared with renal-transplant patients (36). More
and more results indicated serum prealbumin is potent
predictor for not only nutritional evaluation, but also for
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disease prognosis evaluation (37,38). However, the relation
between serum prealbumin and blood pressure is still
unknown. Whether ACTH treatment would induce a high
level of serum prealbumin, which might increase serum
albumin level and affect plasma colloid osmotic pressure,
lead to water retention result in abnormal high blood
pressure is also unknown. There is nothing direct evidence
to explain the relationship between serum prealbumin and
hypertension. We assumed that the high level of prealbumin
leaded to an increase of thyroid hormones transport, which
resulted in the increase of blood pressure (39).

When predicting one patient may associated with
abnormal high blood pressure during ACTH therapy, the
most important thing is how to prevent or how to deal
with it. A randomized, open-label clinical trial by Professor
Li-Ping Zou et al. indicated that ACTH combination
treatment with magnesium sulfate (MgSO,) for infantile
spasms resulted in zero case of hypertension, insomnia and
irritability (40). Furthermore, they also found that MgSO,
had a neuroprotective effect (40). Deficiency of magnesium
resulted in high arterial blood pressure and spasms of vessels
(41-45). It is also associated with high blood pressure in
children (45). MgSO, could dilate the constricted muscles in
the arteries, which can be used for blood pressure control,
with an acceptable safety for infants (46,47).

The strength of our report was to document that the
neutrophil to lymphocyte rate might predict high blood
pressure among epileptic spasms patients treated with
ACTH. But our report also had a few potential limitations.
Firstly, our study was underpowered to detect the high
blood pressure and epilepsy related genes. Secondly, the
serum prealbumin as a predictor for high blood pressure
was only theoretical speculation, there was no direct
evidence of the relationship between prealbumin and blood
pressure. Moreover, the normal range of blood pressure for
children under 3 years old was speculated according to data
from 3-year-old children.

Conclusions

Our results indicated that the neutrophil to lymphocyte
rate and serum prealbumin might predictors for high blood
pressure in epileptic spasms patients treated with ACTH.
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