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Abstract Objective: Sedation by the
enteral route is unusual in intensive
medicine. We analysed the feasibili-
ty/efficacy of long-term enteral se-
dation in ventilated critically ill pa-
tients. Design: Prospective interven-
tional cohort study. Setting: General
ICU. Patients and participants: For-
ty-two patients needing ventilation
and sedation for at least 4 days. In-
terventions: At admission, sedation
was induced with propofol or mida-
zolam. Enteral hydroxyzine (€ en-
teral lorazepam) was added in all
patients within the second day. In-
travenous drugs were gradually
withdrawn, trying to maintain only
enteral sedation after the initial 48 h.
Analgesia was provided with contin-
uous IV fentanyl. Measurements and
results: Sedation level was assessed
evaluating, on a daily basis, patients’
compliance to the invasive care and
comparing observed vs planned
Ramsay scores three times a day.

Excluding the first 2 days of patient-
stabilisation and fast titration of se-
dation level, 577 days with ventila-
tory support were analysed. In
460 days (79.7%) total enteral seda-
tion was given. This percentage rose
to 94.2% when the requested Ramsay
was 2 (347 days). Daily sedation was
judged as adequate in 82.8% of days
of total enteral sedation. Thirty-one
patients had total enteral as the ex-
clusive route of sedation. Conclu-
sions: After 24–48 h, enteral sedation
may replace, totally/in part, IV seda-
tion in ventilated patients. Total en-
teral sedation easily fits the target
when a Ramsay score 2 is planned.
When a deeper sedation is needed, a
mixed regimen is effective and low-
ers IV drug dosages. No side effects
were reported.
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Introduction

Several guidelines [1, 2, 3] define the practice of sedation
and analgesia in critically ill patients. Intravenous
propofol, midazolam, and lorazepam are the drugs of
choice in almost every situation.

Surprisingly, despite the feasibility of early gut feeding
even in extreme conditions [4, 5], guidelines restrain the
use of enteral sedatives to sleep induction in non-venti-
lated patients [3]. Nevertheless, after the first days of
intensive care (ICU) stay, when most of the invasive
procedures are performed and the requested level of se-

dation can abruptly/frequently change, the enteral route
might maintain a stable level of sedation reducing the
complexity of parenteral treatment and substantially
abating costs.

We prospectively analysed the feasibility and efficacy
of enteral sedation selecting very critically ill patients
undergoing prolonged invasive assistance of vital func-
tions. The results were previously reported in abstract
form [6].
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Methods

The study was conducted in a 6-bed general ICU from
September 2000 to July 2001. The ethics committee ap-
proved the protocol and patients/next-of-kin gave in-
formed consent. Consecutive patients were selected at
admission on the basis of expected ventilatory assistance
and sedation for at least 4 days. Exclusion criteria were
age below 18 years, major gut resections, multiple fistulas
and difficult evaluation of the sedation level (coma or
curarisation). Demographic, clinical data, and severity
score [7] were collected.

During the first 2 days of ICU stay, an infusion of
propofol (0.5 mg/kg followed by 0.5–3 mg·kg·h) or mi-
dazolam (30–300 mg/kg followed by 30–200 mg·kg·h) was
allowed. The choice was left to the physician in charge.
Intravenous fentanyl at 1–2 mg·kg·h was given according
to need. In this period enteral sedation was started as soon
as possible with hydroxyzine. Since no indications exist
on long-term enteral use in critically ill patients, our
planned dosage (6–12 mg·kg·day in three doses) took into
account the long half-life, and renal/organs function.
Moreover, doses were titrated according to sedation end-
points. Supplemental enteral lorazepam was allowed to
optimise hydroxyzine sedation.

After the initial 48 h the target was to warrant the
planned level of sedation, reducing IV while maintaining
enteral treatment to realize a mixed or pure enteral
sedation. Intravenous drugs not withdrawn within the
following 2 days were replaced with IV lorazepam
(10–30 mg·kg·h) as later supported by guidelines [3].
Enteral haloperidol was the drug of choice if delirium
ensued. Boluses of sedatives, given when performing
invasive procedures, were not taken into account in data
analysis.

Each morning the physician and the nurse in charge
planned the daily level of sedation (Ramsay scale [8]) on
clinical grounds and patient characteristics. The preferred
end-point was a tranquil, collaborative patient while in-
tensively treated. Three times a day the sedation level was
evaluated and, if necessary, titrated to patient’s need.
Adequate sedation was defined as the achievement of the
planned level (Ramsay score). Moreover, at the end of
each day the nurse in charge subjectively defined the
whole daily sedation as “adequate”, “insufficient” or
“excessive” according the patients’ behaviour in the
previous 24 h (signs of anxiety, agitation, pain, compli-
ance with nursing, and patient/ventilator interaction). The
efficacy of sedation on the days spent on ventilator (24 h),
was evaluated from the third day of ICU stay (scheduled
shift from IV to total enteral sedation). hydroxyzine side
effects (constipation, diarrhoea, vomiting, blurred vision,
urinary retention, renal, and hepatic damage) were mon-
itored.

Data are reported as mean€standard deviation (SD),
median, interquartile range (IQR). Pearson’s c2 test and
Student’s t-test were used for data comparisons.

Results

Two hundred and thirty-eight patients were consecutively
admitted in 10 months. Among the 66 patients who re-
ceived >4 days of ventilation and sedation, 24 were not
enrolled: ten because the period of ventilation was un-
derestimated at ICU admission, the remaining because of
age (three), coma/curarisation (eight) or huge gut resec-
tion (three). Forty-two patients were enrolled, their de-
mographic and clinical characteristics at admission are
reported in Table 1.

Altogether, 24 patients (57.1%) had shock (septic in 17
patients). Seven (16.7%) underwent open abdominal
treatment. The ICU length of stay was 22.1€23.6 days,
median 13.5 (IQR 8–28). ICU and hospital mortality rates
were 23.8% and 30.1%, respectively. All patients initially
received ventilatory assistance through a naso-tracheal
tube. Within a few days, a tracheostomy was performed in
23 of them. A naso-jejunal tube was positioned in 11
patients, a jejunostomy in two. The remaining patients
had a naso-gastric tube.

Sedation was given in 701 days, 661 of them with
ventilatory assistance: 15.7€15.6 days of ventilation per
patient, median 10 (IQR 5–20). Enteral sedation was
started during the admission day in 36 patients and in all
within the second day. At that time, 37 patients were
receiving enteral nutrition at a mean rate of 511€198 kcal/
day.

Table 1 Demographic and clinical characteristics at admission of
the 42 enrolled patients. Values are mean€standard deviation, in-
terquartile range, or number (proportion).

Age; years 59.5€16.2 (52–71)

Sex; M/F 30/12
SAPSIIa 34.4€14.0 (23–45)
Source of patients:
Emergency ward 16 (38.1%)
Operating theatre 14 (33.3%)
Hospital ward 12 (28.6%)

Reasons for ICU admission:
Acute respiratory failure:
In pneumonia 13 (31.0%)
In trauma 8 (19.0%)

Abdominal septic shock 9 (21.4%)
Hemorragic/hypovolemic shock 6 (14.3%)
Cardiogenic shock 5 (11.9%)
Pulmonary embolism 1 ( 2.4%)

Type of admission:
Medical 21 (50.0%)
Unscheduled surgery (no trauma) 10 (23.8%)
Trauma with surgery 5 (11.9%)
Trauma without surgery 6 (14.3%)

a SAPSII: Simplified Acute Physiology Score
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Thirty-five patients were shifted to total enteral seda-
tion within 72 h and further three within the fourth day.
The remaining four patients, admitted for acute respira-
tory failure in pneumonia (two), hemorrhagic shock after
major trauma and septic shock, continued a mixed seda-
tion for 7–22 days. During ICU stay, seven patients re-
sumed continuous IV sedation: all had septic shock and
four open abdominal treatment. The 11 patients resuming
(seven) or continuing (four) continuous IV sedation had a
longer ventilation (30.8€21.3 vs 10.4€8.2 days; P=0.000)
and a trend to higher ICU mortality rate (6/11 vs 4/31;
P<0.094).

The sedative dosages in the whole 661 ventilated days
are reported in Table 2. The 11 patients with prolonged
IV/mixed sedation needed higher dosages of midazolam
(76.3€76.0 vs 30.5€26.1 mg·kg·h, P=0.000), propofol

(1.34€0.86 vs 0.92€0.64 mg·kg·h, P=0.049), hydroxyzine
(10.1€3.7 vs 5.9€3.1 mg·kg·day, P=0.008) and enteral
lorazepam (47.7€24.5 vs 27.4€18.0 mg·kg·day, P=0.000).
No tachiphylaxis for hydroxyzine was observed.

Continuous IV fentanyl was given in 35 patients (since
admission in 31 cases) for 6.2€8.0 days at the mean dose
1.00€1.18 mg·kg·h. Opiates were more used in surgical/
trauma patients than in medical patients (141/349 days vs
52/228; P=0.002) and in patients who died than in ICU
survivors (83/158 days, vs 110/419; P=0.000). Enteral
haloperidol was given in two cases. Supplemental IV
boluses of sedatives were administered 36 times during
enteral sedation and 29 during IV/mixed sedation.

The requested Ramsay scores for the first 48 h
(84 days) and for the following 577 days of ventilatory
support are reported in Table 3. After the first two days,
total enteral sedation was given in 460 (79.7%), mixed
sedation in 101 (17.5%) and only IV drugs in 16 days
(2.8%). Fentanyl was used in 118 out of the 460 days
(25.7%) of pure enteral sedation, at a mean dose of
0.80€0.51 mg·kg·h, and in 79/117 days (67.5%) of IV/
mixed sedation, at a mean dose of 1.11€0.60 mg·kg·h.
Moreover, total enteral sedation was used in 94.2% of the
347 days in which a Ramsay score of 2 was requested and
in 57.8% of the 230 days in which a deeper sedation was
scheduled (P=0.000).

The overall daily adequacy of sedation and the three-
times-a-day comparison between observed and planned

Table 2 Sedative dosages provided during 661 days of invasive
ventilation.

Number
of patients

Median/interquartile
range, mean dose

Midazolam 25 36.8/21.8–69.3 mg/kg/h
Propofol 13 0.89/0.55–1.66 mg·kg·h
Lorazepam IV 10 17.9/11.6–30.3 mg·kg·h
Hydroxyzine 42 8.6/5.0–10.6 mg·kg·day
Lorazepam enteral 33 42.9/16.7–60.0 mg·kg·day

Table 3 Requested Ramsay
scores in the first 48 h of ICU
stay and in the following period
of invasive ventilation.

Ramsay
score

Definition Requested score Requested score

First 48 h After day 2

(84 days) (577 days)

1 Awake, anxious, agitated and/or restless 0 0
2 Awake, cooperative, oriented, tranquil 31 (36.9%) 347 (60.1%)
3 Awake, response to commands only 34 (40.5%) 133 (22.9%)
4 Asleep, brisk response to glabellar tap or loud

auditory stimulus
14 (16.7%) 61 (10.7%)

5 Asleep, sluggish response to glabellar tap
or loud auditory stimulus

4 (4.8%) 36 (6.2%)

6 Asleep, no response glabellar tap or loud
auditory stimulus

0 0

Table 4 Assessment of sedation after the second day of ICU stay in
patients receiving ventilatory support. Results of two evaluations
are reported: the overall daily sedation level (according to 24 h

behaviour: see Methods) and a three-times-a-day comparison be-
tween observed and requested Ramsay score Data are number
(proportion). (Adequate sedation = no difference). .

Treatment Number
of assessments

Adequate
sedation

Insufficient
sedation

Excessive
sedation

Daily adequacy All types of sedation 577 479 (83.0%) 56 (9.8%) 42 (7.3%)
Total enteral 460 381 (82.8%) 47 (10.2%) 32 (7.0%)
IV/mixed 117 98 (83.8%) 9 (7.7%) 26 (8.5%)

Ramsay Scorea All types of sedation 1,711 1,079 (63.1%) 211 (12.3%) 421 (24.6%)
Total enteral 1,366 919 (67.3%) 150 (11.0%) 297 (21.7%)
IV/mixed 345 160 (46.4%) 61 (17.7%) 124 (35.9%)

a A Ramsay score = 1 (see Table 2 for definition) was registered in 113 (6.6%) of overall 1,711 assessments and, respectively, in 93 (6.8%)
of total enteral and 20 (5.8%) of IV/mixed sedation.
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Ramsay scores are reported in Table 4. Total enteral se-
dation was insufficient in 8.9% of the days with a planned
Ramsay score of 2 at variance with 13.5% of the days in
which a deeper sedation was planned. Patients that con-
tinued or resumed IV sedation needed a deeper sedation: a
Ramsay score of 3 or higher was requested in 54.3% of
their days compared to 23.5% in the remaining group, and
IV/mixed sedation was used in 33.4% of their ventilated
days compared to 4.2%.

Twenty-two patients out of 32 survivors (68.8%) were
weaned in the ICU (six patients were transferred to other
ICUs and four to step-down respiratory units while still
ventilated). Fifteen (68.2%) of them resumed spontaneous
breathing while receiving enteral sedation (eight hy-
droxyzine at 6.4€3.5 mg·kg·day and lorazepam at
24.7€19.5 mg·kg·day, five only hydroxyzine and two only
lorazepam at lower dosages). These 22 patients were
weaned in the ICU and their reintubation rate was null.

No major side effects, nor alterations in hepatic and
renal functions specifically related to hydroxyzine were
reported. Doses never had to be modified because of
hemodynamic impairment.

Discussion

Sedation and analgesia are mandatory in reducing the
stress response, in facilitating ventilation, in increasing
tolerance to ICU procedures, and in preventing self-re-
moval of invasive devices [9, 10, 11]. Sedative drugs are
usually given by vein for a fast titration of the sedation
level. However, after the first 24–48 h of patient’s initial
stabilization, few authors used enteral sedation [12, 13,
14, 15] despite the evidence that the gut can be used for
early nutrition [4, 5].

By measuring its efficacy, we tested the feasibility of
the enteral route, alone or in combination with IV drugs in
the sedation of the most intensively treated patients (at
least 4 days of ventilatory assistance preconized at ICU
admission), in their most critical phase of care by se-
lecting only the ventilation period (Table 1). Due to our
selection criteria, we excluded the less complex ICU
population, i.e., the majority (78%) of the observed case-
mix.

Even if different enteral sedative drugs might have
been chosen, we used hydroxyzine because of potent
anxiolytic with minor cardio-respiratory effects [16]
adding lorazepam to optimise and tuning the sedation
level. Moreover, analgesia, when needed, was provided
with fentanyl. Enteral sedation was started in all patients
within the first 48 h, even in the five cases in which
enteral nutrition had to be delayed, and mainly through
the gastric route. The shift to pure enteral sedation was
possible in the great majority of patients within the fourth
day, and was definitive in 31 of them. Altogether, pure

enteral sedation covered 80% of the ventilated days after
the first two and, was judged as sufficient or even ex-
cessive, in about 90% of the assessments (Table 4).

A small subset of patients, probably the most com-
plicated (most of them had shock and sepsis and showed
longer duration of ventilation and ICU stay and higher
mortality rate), had to continue or resume IV sedation.
They needed a deeper sedation which was obtained with a
mixed sedative regimen. An impaired gut perfusion af-
fecting drug absorption might also have been present.

This study has some limits: a) patient selection criteria
were quite restrictive, unusual, and based on clinical
prediction. Nevertheless, we enrolled 81% of the our el-
igible patients (after applying exclusion criteria); b) lack
of a control group hinders us from knowing if pure enteral
or mixed sedation has any advantage on pure IV sedation
regarding side effects, length of ICU stay, days of venti-
lation, cardiovascular stability, patient’s recall, and global
costs; c) the long half-life of hydroxyzine coupled with
long-term usage and the presence of variable organ failure
may result in some degree of accumulation. This problem
was managed titrating sedation to the minimum level able
to obtain the planned sedation level.

A few final considerations can be drawn. Our study
shows that pure enteral sedation is feasible and effective
when the team accepts as a target of sedation a tranquil,
cooperative, pain-free patient (Ramsay score of 2).The
majority of our invasively treated patients, though se-
lected from among the most complicated at ICU admis-
sion, were successfully maintained at this level of seda-
tion during the whole ventilation period (Table 3, Ta-
ble 4). Analgesic drugs did not have a role in determining
the use of pure enteral sedation. In fact, fentanyl was used
more frequently and at similar doses in IV/mixed than in
pure enteral sedation days. All the more reason that we
assume that enteral sedation can similarly work in the less
complex patients who represent the majority of the ICU
population. Nonetheless, pure enteral sedation may be
ineffective in case of impaired gut perfusion or when a
deeper sedation is deemed advisable by the ICU team.
However, in the latter scenario, enteral sedation is still
effective in more than half of the cases and allows the use
of reduced IV drugs dosages in mixed sedation days.

Regarding the effect on the duration of ventilation [17,
18, 19], an adverse impact of enteral sedation may be
lessened, the majority of our weaned patients were still
receiving enteral sedation at suspension of ventilatory
support.

Finally, IV sedation is quite expensive. The drug cost
of a full dose of pure enteral sedation is significantly
lower (10–15 times) than the cost of a full dose of IV
sedation. Mixed sedation may also have a substantial cost
saving effect, due to reduced doses of IV drugs.
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