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Pain Assessment Is Associated with Decreased Duration of
Mechanical Ventilation in the Intensive Care Unit

A Post Hoc Analysis of the DOLOREA Study
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Background: Critically ill patients frequently experience
pain, but assessment rates remain below 40% in mechanically
ventilated patients. Whether pain assessment affects patient
outcomes is largely unknown.

Methods: As part of a prospective cohort study of mechani-
cally ventilated patients who received analgesia on day 2 of
their stay in the intensive care unit (ICU), the investigators
performed propensity-adjusted score analysis to compare the
duration of ventilator support and duration of ICU stay between
513 patients who were assessed for pain and 631 patients who
were not assessed for pain.

Results: Patients assessed for pain on day 2 were more likely
to receive sedation level assessment, nonopioids, and dedicated
analgesia during painful procedures than patients whose pain
was not assessed. They also received fewer hypnotics and lower
daily doses of midazolam. Patients with pain assessment had a
shorter duration of mechanical ventilation (8 vs. 11 days; P <
0.01) and a reduced duration of stay in the ICU (13 vs. 18 days;
P < 0.01). In propensity-adjusted score analysis, pain assess-
ment was associated with increased odds of weaning from the
ventilator (odds ratio, 1.40; 95% confidence interval, 1.00—1.98)
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and of discharge from the ICU (odds ratio, 1.43; 95% confidence
interval, 1.02-2.00).

Conclusions: Pain assessment in mechanically ventilated pa-
tients is independently associated with a reduction in the dura-
tion of ventilator support and of duration of ICU stay. This
might be related to higher concomitant rates of sedation assess-
ments and a restricted use of hypnotic drugs when pain is
assessed.

EVIDENCE suggests that mechanically ventilated criti-
cally ill patients experience stressful, unpleasant, and
potentially harmful experiences during their time in in-
tensive care units (ICU). These include pain, fear, sleep
deprivation, nightmares, inability to speak, and feelings
of isolation and loneliness."* Such physical and psycho-
logical stresses affect quality of life even after the pa-
tient’s discharge from the ICU.>* Among these adverse
experiences, acute pain has emerged as a leading stres-
sor for ICU patients. Nearly 50% of patients interviewed
rated their pain intensity as moderate to severe, at rest as
well as during procedures.’™® This issue becomes more
complex for the substantial number of mechanically
ventilated ICU patients who are unable to report their
pain because of the concomitant use of sedatives (hyp-
notics) or as a consequence of severe brain damage.

Despite the existence of clinical scoring systems to
quantify pain in verbal and nonverbal patients,” routine
clinical practice seldom applies them. National surveys
have studied primarily rates of sedation assessment (con-
sciousness) and sedative use.'”'® The multicenter pa-
tient-based DOLOREA study described current practices
in analgesia and sedation use for 1,381 mechanically
ventilated patients during their first week in the ICU.'
We found that only 42% of patients received pain assess-
ments on day 2 (D2) in ICUs, although 90% of patients
were concomitantly given opioids.

The extent to which pain assessment and pain control
in the ICU influence patient outcomes is largely un-
known. One center demonstrated an association be-
tween systematically evaluating pain and agitation levels
and shorter mechanical ventilation (MV) durations, as
well as lower rates of nosocomial infections.'> We hy-
pothesized that measuring pain levels in patients ren-
dered nonverbal from MV and hypnotic use would lead
to higher concomitant rates of sedation assessments and
a more appropriate use of both analgesics and sedatives.
These changes would in turn reduce the duration of MV
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and duration of ICU stay, because inappropriate sedative
and analgesic use prolongs both of these criteria.'®71% A
systematic pain assessment for mechanically ventilated
patients could thus function as a marker for good clinical
practice in the ICU. To verify this hypothesis, we sepa-
rately analyzed the DOLOREA data as reflecting what
was done daily in 44 ICUs. The current study aimed to
establish whether an association exists between pain
measurements, MV duration, and duration of ICU stay in
this cohort of mechanically ventilated patients receiving
analgesia on D2 of their ICU stay.

Materials and Methods

Study Design

The prospective, multicenter, observational DOLOREA
study was conducted from January 2004 until January
2005, in 43 ICUs in France and 1 ICU in Luxembourg.'*
Patients 15 yr or older were enrolled in the study if
admitted to the ICU for a foreseeable duration of MV of
more than 24 h. Patients were excluded if they had
severe brain injury on admission (defined by a Glasgow
Coma Scale score of less than 9), or if MV was delayed
for more than 24 h after admission to ICU. For the
purpose of this post hoc analysis, we excluded from the
DOLOREA database those patients who had not received
analgesia on D2 of their ICU stay.

Data Management

A detailed description of data collection and quality
control procedures is available elsewhere.'* Briefly, each
site had a dedicated individual who entered raw data
into an electronic case report form (ClinInfo S.A., Lyon,
France). For each patient, a set of variables was collected
that included demographic characteristics, illness sever-
ity on admission as defined by the Simplified Acute
Physiology Score II, and an individual Sequential Organ
Failure Assessment score of 3 or 4 (i.e., moderate-to-
severe organ failure).'® For each patient, we also re-
corded the instrument used to assess sedation and pain
levels on D2 of ICU stay, the type of sedative and opioid
drug used on D2, the cumulative amounts of these drugs
during the previous 24 h, the use of nonopioids and
neuromuscular blocking agents on D2, and the manage-
ment of procedural pain on D2. In patients who were
assessed using sedation scales, we defined a deep state of
sedation by a Ramsay score of 5 or 6, a Richmond
Agitation Sedation Scale score of —5 or —4, or a Sedation
Agitation Scale score of 1 or 2. Information about the
recruiting sites was collected regarding their resources,
the existence of pain control protocols/guidelines, and
whether they provided dedicated education for pain and
sedation management.
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Outcome Definitions

Patients were followed up until death, until ICU dis-
charge, or for 30 days in the ICU. The primary study
outcomes included MV duration and duration of ICU stay
for survivors. Patients were considered as candidates for
weaning from the ventilator if they no longer had a
high-grade fever, hemodynamic instability, or severely
altered consciousness or if they exhibited adequate ox-
ygenation with an inspired oxygen fraction less than 0.5
and positive end-expiratory pressure less than 5 cm H,O.
Candidates for weaning were switched to pressure sup-
port ventilation followed by daily spontaneous breathing
trials on a T-piece. The decision to extubate was based
on simple bedside tolerance variables, including respira-
tory rate, arterial oxygen saturation, and the use of ac-
cessory respiratory muscles during T-piece trials. This
protocol was applied uniformly across all sites.

The secondary study outcomes included mortality
rates and, among survivors, the incidence of acquired
complications: ventilator-associated pneumonia, gas-
troduodenal hemorrhage, venous thromboembolism,
and colonization of central venous catheters. Ventilator-
associated pneumonia was defined by a new parenchy-
mal opacity in the lung on chest radiograph plus at least
two of the following three criteria: (1) temperature less
than 36°C or greater than 38°C, (2) leukocyte count less
than 4,000/ml or greater than 10,000/ml, (3) purulent
secretions from the endotracheal tube.?® Gastroduode-
nal hemorrhage was defined by esophagogastroduode-
noscopy, or by the combination of grossly visible blood
from an enterally placed tube and subsequent transfusions
of 2 or more units of packed erythrocytes. Thromboem-
bolic events were defined by the presence of a venous
thrombosis proven by Doppler ultrasonography or venog-
raphy, or by the presence of a pulmonary embolism proven
by pulmonary angiography, or contrast spiral computed
tomography of the thorax. Central venous catheter coloni-
zation was defined by the isolation of at least one organism
at a concentration of 10° or more colony-forming units/ml
from a catheter tip culture.*'

Supplementary Analysis

Clinical practices regarding sedation and analgesia
management were also compared between the two
groups of patients, 7.e., patients assessed for pain versus
patients not assessed for pain on day 6 (D6) of their ICU
stay. Patients were included in the D6 analysis if they had
been mechanically ventilated on both D2 and D6, they
received analgesia on both D2 and D6, and their allo-
cated group on D2 was the same on DG.

Statistical Analysis

Descriptive statistics included frequencies and per-
centages for categorical variables, and medians and in-
terquartile range, Ze., 25th and 75th percentiles, for
continuous variables. Baseline characteristics were com-
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pared using chi-square tests for categorical variables and
the nonparametric Kruskal-Wallis test for continuous
variables. ICU mortality rates, duration of MV, and dura-
tion of ICU stay were compared using discrete time
survival logistic hazard models. All observations were
censored at 30 days. The duration of MV and the dura-
tion of ICU stay were compared among survivors.

Because some patients might have experienced a primary
study outcome before pain assessment (Z.e., death, weaning
from MV, or discharge from the ICU), we used a landmark
analysis with prespecified landmarks on D2 of the ICU stay,
as before.** This landmark analysis minimized the impact of
survivor bias by comparing study outcomes of patients
with no primary study outcomes on D2.

As individual physician discretion directed pain assess-
ment, unadjusted comparisons of outcomes between
patients with and without pain assessment might be
confounded by imbalances in baseline characteristics.
To address this issue, we performed a propensity score
analysis.?> Conceptually, the propensity score corre-
sponds to the conditional probability of exposure to a
treatment given the observed characteristics of a patient.
Stratifying on the propensity score tends to balance all
observed characteristics that are used to construct the
score and, in this way, approximates the conditions of
random treatment.>® In practice, we derived a propen-
sity score for pain assessment on D2 using a full, non-
parsimonious logistic regression model that included
patient baseline characteristics (age, sex, weight, Simpli-
fied Acute Physiology Score II, admission source, Se-
quential Organ Failure Assessment score 3 or 4 on ad-
mission, chronic heart failure, chronic respiratory
failure, active cancer, diabetes, regular psychoactive
drug use, cirrhosis, chronic renal failure, stroke), ICU
characteristics (university affiliated, number of beds =
12, ICU nurse-to-bed ratio > 4, dedicated education,
protocol use), treatment with analgesics (morphine,
sufentanil, fentanyl, remifentanil, other opioids, parac-
etamol, nefopam, ketamine, other nonopioids, proce-
dural pain treatment), treatment with sedatives (midazo-
lam, propofol, other sedatives), and treatment with
neuromuscular blocking agents. We used a linear spline
model to adjust for the confounding effect of age with
knots at 40 and 70 yr, and Simplified Acute Physiology
Score II with knots at 50 and 75 yr, respectively. The
model yielded a ¢ statistic of 0.87, indicating a good
ability to differentiate between patients with and with-
out pain assessment. Each patient was assigned a pro-
pensity score, which ranged from 0.01 to 0.99 and
which reflected the conditional probability of pain as-
sessment on D2, given his baseline characteristics. We
then stratified patients by quintiles of increasing propen-
sity score. To validate our propensity score adjustment,
we checked for the absence of significant residual im-
balances in baseline characteristics after adjusting for
quintile of propensity score and for adequate overlap of

Anesthesiology, V 111, No 6, Dec 2009

[ 1,381 patients admitted to ICU

234 patients excluded from the landmark analysis:
10 died within 48 hrs of admission
10 stayed in ICU less than 48 hrs
89 were mechanically-ventilated for less than 48 hrs
125 did not receive analgesic drugs on D2

4} 3 patients - data not available

1,144 mechanically-ventilated patients
who received analgesic drugs on D2

513 (45%) assessed for pain on D2
631 (55%) not assessed for pain on D2

Fig. 1. Patient flow diagram showing the number of identified,
excluded, and analyzed patients. D2 = day 2; ICU = intensive
care unit.

propensity score between the two groups within each
quintile. We then estimated the odds ratios of study
outcomes associated with pain assessment on D2 after
adjusting for the quintile of propensity score. All P val-
ues were two-tailed, and P = 0.05 was considered sta-
tistically significant. Analyses were performed using
Stata version 9.0 (StataCorp, College Station, TX).

Results

Of the 1,381 patients in the DOLOREA database, 1,144
mechanically ventilated patients satisfied the inclusion cri-
teria for the 48-h landmark analysis. This included patients
who were assessed for pain on D2 (n = 513 patients, 45%
of the population) and patients who were not assessed for
pain on D2 (n = 631 patients, 55% of the population) (fig.
1). Patients had been assessed for pain using the following
instruments: the behavioral pain scale®* (451/513, 49% of
patients), the Harris scale® (98/513, 19% of patients), the
visual analog scale (71/513, 14% of patients), the verbal
descriptor scale (64/513, 12% of patients), and the numeric
rating scale (24/513, 5% of patients).

Table 1 shows baseline characteristics of the patients.
No significant differences were found between the two
groups regarding their characteristics, with the excep-
tion of age higher than 75 yr, admission source, chronic
heart failure, and use of psychoactive drugs. The two
groups had comparable illness severity on admission.
Patients with pain assessments were more likely to be
admitted to university-affiliated sites, to sites with more
resources, and to sites with more protocols and dedi-
cated pain education. There was 24-h in-house intensiv-
ist coverage for all participating sites.

Forty-eight- bour Landmark Analysis

Although the proportion of patients receiving con-
tinuous opioids was comparable between the two
groups, patients with pain assessments were more
likely to receive fentanyl, higher dosages of sufentanil,
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Table 1. Baseline Characteristics of the 1,144 Mechanically
Ventilated Patients, Divided According to Their Pain
Assessment on Day 2 of the ICU Stay

Pain Assessment

No Yes P
(n = 631) (n = 513) Value
Age, median (IQR), yr 62 (46-74) 59 (47-73) 0.17
> 75 yr, n (%) 134 (21) 84 (16) 0.04
Female sex, n (%) 216 (34) 172 (33) 0.80
Weight, median (IQR), kg 74 (63-85) 72 (60-83) 0.06
SAPS II,* median (IQR) 44 (31-56) 43 (33-54) 0.40
Admission source, n (%) < 0.01
Medicine 169 (27) 160 (31)
Emergency surgery 218 (35) 186 (36)
Elective surgery 138 (22) 89 (18)
Trauma 95 (15) 57 (11)
Others 11(1) 21 (4)
SOFA score 3 or 4 on
admission,tt n (%)
Respiratory 391 (62) 320 (62) 0.89
Cardiovascular 409 (65) 322 (63) 0.47
Renal 122 (19) 92 (18) 0.54
Neurologic 51 (8) 56 (11) 0.10
Coagulation 59 (9) 36 (7) 0.16
Hepatic 32 (5) 26 (5) 0.99
Patient history,t§ n (%)
Chronic heart failure 116 (18) 123 (24) 0.02
Chronic respiratory failure 101 (16) 84 (16) 0.87
Active cancer 102 (16) 91 (18) 0.49
Diabetes 99 (16) 75 (15) 0.63
Regular psychoactive 57 (9) 66 (13) 0.04
drug use
Cirrhosis 45 (7) 53 (10) 0.05
Chronic renal failure 35 (5) 30 (6) 0.83
Stroke 36 (6) 37 (7) 0.30
ICU characteristics, n (%)
University affiliated 482 (76) 462 (90) < 0.01
ICU beds = 12 435 (69) 396 (77) < 0.01
ICU nurse-to-bed ratio 327 (52) 304 (59) 0.01
>4
Protocol use 172 (27) 349 (68) < 0.01
Dedicated education 313 (50) 411 (80) < 0.01

Quantitative data are expressed as median and interquartile range (IQR), i.e.,
25th and 75th percentiles.

* Forty-eight missing values. T The number of individual organ failures (Se-
quential Organ Failure Assessment [SOFA] score 3 or 4) and patient history
results exceeds the total number of included patients. f One missing value
for renal SOFA score and two missing values for coagulation SOFA score.
§ Two missing values for cancer, one missing value for diabetes, and one
missing value for psychoactive drug use.

ICU = intensive care unit; SAPS = Simplified Acute Physiology Score.

and lower dosages of remifentanil during the previous
24 h (table 2). More patients with pain assessments
were treated with nonopioids, such as paracetamol
and nefopam, than those without, and they received
more often multimodal analgesia in the ICU, Z.e., an
association of opioids and nonopioids. They were also
more likely to have dedicated pain treatment during
procedural pain events, such as endotracheal suction-
ing and mobilization during standard care.

We also noticed markedly different sedation man-
agement between the two groups. Patients with pain
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Table 2. Analgesia Management and Pain Assessment on Day
2 of the ICU Stay

Pain Assessment on Day 2

P
Yes (n = 513)  Value

No (n = 631)

Opioids,* n (%) 600 (95 474 (92) 0.06
Sufentanil, n (%) 253 (40) 178 (35) 0.06
Median (IQR), ng - 5.1 (2.8-7.6) 7.6 (4.2-10.9) < 0.01

kg™'-24h?
Fentanyl, n (%) 179 (28) 184 (36) < 0.01
Median (IQR), ug - 43 (30-69) 40 (28-62) 0.40

kg~'-24h?
Morphine, n (%) 94 (15) 60 (12) 0.1
Median (IQR), mg - 0.4 (0.3-0.6) 0.4 (0.3-0.8) 0.72

kg~'-24h?
Remifentanil, n (%) 78 (12) 51 (10) 0.20

Median (IQR), g - 149 (77-214) 98 (64-145)  0.02

kg~'-24h?
Other opioids,t n (%) 10 (2) 17 (3) 0.05
Nonopioids,*t n (%) 184 (29) 217 (42) < 0.01
Paracetamol, n (%) 153 (24) 185 (36) < 0.01
Nefopam, n (%) 54 (9) 88 (17) < 0.01
Ketamine, n (%) 8(1) 24 (5) 0.01
Others, n (%) 14 (2) 17 (3) 0.25
Opioids + nonopioids, 153 (24) 181 (35) < 0.01
n (%)
Fentanyl + paracetamol, 46 (7) 25 (5) 0.09
n (%)
Sufentanil + paracetamol, 20 (3) 65 (13) < 0.01
n (%)
Procedural pain assessment,§ 24 (4) 348 (68) < 0.01
n (%)
Procedural pain treatment,|| 106 (17) 134 (26) < 0.01
n (%)
Opioids, n (%) 95 (15) 106 (21) 0.01
Nonopioids, n (%) 26 (4) 69 (14) < 0.01

Drug doses are expressed as median and interquartile range (IQR), i.e., 25th
and 75th percentiles.

* Some patients were treated with more than one opioid and/or more than one
nonopioid. T Other opioids were tramadol, buprenorphine, nalbuphine, al-
fentanil. 1 One missing value for paracetamol and one missing value for
other drugs (clonidine, nonsteroidal antiinflammatory). § Two missing val-
ues. || Five missing values. The number of patients receiving opioids and
nonopioids exceeds the total receiving treatment for procedural pain. Endo-
tracheal suctioning and mobilization were the most frequently reported painful
procedures.

ICU = intensive care unit.

assessments on D2 were less likely to receive hypnotic
drugs, midazolam in particular, and they received
lower daily doses of midazolam (table 3). Of the 928
patients who received hypnotic drugs on D2, those
with pain assessments were more likely to be assessed
for sedation as well (91% vs. 30%; P < 0.01). Sites used
the Ramsay scale, the Richmond Agitation-Sedation
Scale, the Sedation-Agitation Scale, and other instru-
ments to assess sedation. In patients who were as-
sessed for sedation, the proportion of patients in a
deep sedative state was similar between the two
groups. Finally, the use of neuromuscular blocking
agents was significantly reduced in patients with pain
assessment (table 3).
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Table 3. Sedation Management, Neuromuscular Blocking
Agent Use, and Pain Assessment on Day 2 of the ICU Stay

Pain Assessment on Day 2

No (n = 631) Yes (n = 513) VaIIDue
Sedatives,* n (%) 544 (86) 384 (75) < 0.01
Midazolam, n (%) 411 (65) 295 (57) < 0.01
Median (IQR), mg - 1.5 (0.8-2.6) 1.1 (0.6-2.0) < 0.01
kg™'-24h?
Propofol, n (%) 133 (21) 86 (17) 0.06
Median (IQR), mg - 21 (11-50) 24 (8-40) 0.43
kg '-24h?
Other sedatives,t 37 (6) 23 (4) 0.30
n (%)
Sedation 162/544 (30) 348/384 (91) < 0.01
assessment,
n/N (%)
Ramsay 113 1583
SAS 31 45
RASS 0 68
Otherst 18 82
Deep sedative 76/162 (47) 170/348 (49) 0.68
state,
n/N (%)
NMBAs, n (%) 83 (13) 35 (7) < 0.01

Drug doses are expressed as median and interquartile range (IQR), i.e., 25th
and 75th percentiles.

* Some patients were treated with more than one sedative (hypnotic).
1 Other sedatives were flunitrazepam (n = 17 patients), levomepromazine
(n = 10 patients), cyamemazine (n = 8 patients), sodium gamma-hydroxybu-
tyrate (n = 9 patients), hydroxyzine (n = 5 patients), clorazepate (n = 3
patients), haloperidol (n = 2 patients), pentobarbital (n = 2 patients), loxapine
(n = 2 patients), droperidol (n = 1 patient), and tiapride (n = 1 patient).
1 Other sedation assessment instruments were the Harris scale, Glasgow
Coma Scale, Cook Scale, and Bispectral Index.

ICU = intensive care unit; NMBA = neuromuscular blocking agent; RASS =
Richmond Agitation-Sedation Scale; SAS = Sedation-Agitation Scale.

Patient Outcome

No significant difference in mortality was found be-
tween the two groups of patients, allowing comparisons
of MV duration and duration of stay among survivors
(table 4). In univariate analysis, patients assessed for pain
on D2 had a shorter duration of MV (8 vs. 11 days; P <

0.01) and duration of ICU stay (13 vs. 18 days; P < 0.01).
‘While adjusting for quintile of propensity score to rule
out all differences in baseline characteristics between
the two study groups (data not shown), pain assessment
was associated with increased odds of weaning from the
ventilator (odds ratio, 1.40; 95% confidence interval,
1.00-1.98) and discharge from the ICU (odds ratio, 1.43;
95% confidence interval, 1.02-2.00). Because MV dura-
tion and duration of ICU stay were determined for sur-
vivors, the comparisons of ICU- and MV-free days led to
the same conclusions between the two study groups
(data not shown). A correct overlap of the propensity
scores was observed between the two study groups
within each quintile (table 5).

Supplementary Analysis

Of the 1,144 patients included in this study, 653 pa-
tients were still mechanically ventilated and receiving
analgesia on D6. Of these, we excluded 114 because of
the absence of MV on D2 (n = 23 patients), the absence
of analgesia use on D2 (n = 7 patients), and a crossover
between the 2 groups of patients between D2 and D6
(n = 84 patients). No significant differences were found
in baseline characteristics for those 84 crossover patients
and the 539 analyzed patients (data not shown). The
group of patients with pain assessments on D6 included
229 patients (42% of the population), and the group with
no pain assessments on D6 included 310 patients (58% of
the population). Most of the differences between the two
groups of patients regarding pain and sedation manage-
ment on D2 agreed with those found on D6 (table 6).
Patients with pain assessment on D6 were more likely to be
assessed for sedation and for procedural pain. Also, they
received fewer sedatives and lower daily doses of midazo-
lam compared with patients not assessed for pain. In pa-
tients assessed for sedation, the proportion of patients in a
deep sedative state was similar between the two groups.

Table 4. Patient Qutcomes and Pain Assessment on Day 2 of the ICU Stay

Pain Assessment

Unadjusted Odds P Adjusted Odds P
QOutcome Measure No (n = 631) Yes (n = 513) Ratio (95% CI)*t Value Ratio (95% Cl)tt Value
ICU mortality, n (%) 136 (22) 95 (19) 0.91 (0.58-1.43) 0.69 1.06 (0.76-1.49) 0.71
ICU duration of stay, median (IQR), days 8 (10-30) 13 (7-25) 1.70 (1.29-2.25) <0.01 1.43 (1.02-2.00) 0.04
Duration of MV, median (IQR), days 1 (6-30) 8 (4-17) 1.87 (1.41-2.48) <0.01 1.40 (1.00-1.98) 0.05
Ventilator-acquired pneumonia, n (%) 117 (24) 66 (16) 0.61 (0.43-0.85) <0.01 0.75 (0.48-1.17) 0.21
Thromboembolic events, n (%) 3(3) 10 0.91 (0.39-2.09) 0.82 0.68 (0.21-2.24) 0.53
Gastroduodenal hemorrhage, n (%) 8 (2 4 0.59 (0.18-1.97) 0.39 — —
Central venous catheter colonization, n (%) 28 (6) 19 0.79 (0.44-1.44) 0.45 0.77 (0.34-1.76) 0.54

* Unadjusted odds ratios of intensive care unit (ICU) duration of stay, duration of mechanical ventilation (MV), ventilator-associated pneumonia, thromboembolic
events, gastroduodenal hemorrhage, and central venous catheter colonization rates were determined for the 913 patients who were alive at discharge from the
ICU. 1 Odds ratio of ICU mortality, discharge from the ICU, and weaning from the ventilator were estimated using discrete time logistic hazard models. All

observations were censored at 30 days.

1 Odds ratios were adjusted for quintiles of propensity score. Adjusted odds ratios could not be estimated for

gastroduodenal hemorrhage because the number of events was too small. Fifty-seven patients with missing data for one or more covariates were excluded from
propensity score-adjusted analysis. ICU duration of stay and MV duration were estimated for the 867 survivors with no missing value for covariates.

Cl = confidence interval; IQR =
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interquartile range, i.e., 25th and 75th percentiles.
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Table 5. Propensity Score Values and Primary Outcomes According to Pain Assessment on Day 2 of the ICU Stay within Each

Quintile

Quintile of Propensity Score*

2 3 4 5

No pain assessment on D2
No. of patients 201
Propensity score, median (IQR) 0.05 (0.03-0.08)
Pain assessment on D2
No. of patients 17
Propensity score, median (IQR) 0.06 (0.04-0.09)
ICU mortality, n (%)

177 147 65 16
0.17 (0.14-0.20)

0.38 (0.32-0.46)  0.66 (0.59-0.72)  0.86 (0.83-0.90)

40 71 152 201
0.17 (0.14-0.22)

0.44 (0.34-0.50)  0.70 (0.63-0.76)  0.90 (0.86-0.95)

No pain assessment on D2 40 (20) 37 (21) 30 (20) 19 (29) 2(12)

Pain assessment on D2 1(6) 9(22) 16 (23) 38 (25) 28 (14)
ICU duration of stay, median (IQR), days

No pain assessment on D2 18 (10-30+) 18 (10-30+) 16 (9-30+) 24 (11-30+) 14 (7-20)

Pain assessment on D2 22 (12-30+) 12 (7-30+) 14 (8-25) 16 (8-29) 12 (7-21)
MV duration, median (IQR), days

No pain assessment on D2 12 (6-30) 11 (6-30) 10 (6-30+) 16 (7-30) 7 (5-10)

Pain assessment on D2 21 (7-30+) 7 (4-20) 8 (5-18) 11 (6-21) 6 (4-13)

* Fifty-seven patients with missing data for one or more covariates were excluded from propensity score-adjusted analysis. No significant first-order interaction
was found between pain assessment and quintile of propensity score for the primary outcomes. Intensive care unit (ICU) duration of stay and mechanical
ventilation (MV) duration were estimated for the 867 survivors with no missing value for covariates. All observations were censored at 30 days.

D2 = day 2; IQR = interquartile range, i.e., 25th and 75th percentiles.

Discussion

In this cohort study of mechanically ventilated ICU
patients receiving analgesia, pain assessment on D2 of
the ICU stay was associated with marked differences in
sedation and analgesia management. Such patients had

Table 6. Analgesia, Sedation Management, and Pain
Assessment on Day 6 of the ICU Stay

Pain Assessment on Day 6

P
No (n = 310) Yes (n = 229)  Value
Opioids, n (%) 283 (91) 199 (87) 0.10
Sufentanil, n (%) 109 (35) 72 (31) 0.37
Fentanyl, n (%) 87 (28) 69 (30) 0.60
Morphine, n (%) 55 (18) 27 (12) 0.06
Remifentanil, n (%) 33 (11) 23 (10) 0.82
Nonopioids, n (%) 110 (35) 97 (42) 0.10
Procedural pain 9 () 156 (68) <0.01
assessment, n (%)
Procedural pain treatment, 54 (18) 68 (30) <0.01
n (%)
Sedatives, n (%) 249 (80) 164 (72) 0.02
Midazolam, n (%) 186 (60) 116 (51) 0.03
Median (IQR), mg - 1.7 (0.7-2.7) 1.2 (0.5-2.1) <0.01
kg7 '-24 h?
Propofol, n (%) 53 (17) 40 (17) 0.97
Median (IQR), mg - 21 (12-37) 20 (11-36) 0.86
kg™'-24 h?
Sedation assessment, 68 (27) 152 (93) <0.01
n/N (%)
Deep sedative state, 29/68 (43) 60/152 (40) 0.66
n/N (%)
NMBAs, n (%) 25 (8) 17 (7) 0.78

Drug doses are expressed as median and interquartile range (IQR), i.e., 25th
and 75th percentiles. Missing values for procedural pain treatments (n = 3),
midazolam doses (n = 1) and propofol (n = 5).

ICU = intensive care unit; NMBA = neuromuscular blocking agent.
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more frequent sedation level evaluations, fewer hypnotics
and neuromuscular blocking agents, lower daily midazolam
doses, more nonopioids, and more care for procedural pain
than those whose pain was not assessed. Most of these
differences still persisted on D6 of the ICU stay. After
multiple adjustments for severity factors, pain and sedation
medications, and ICU characteristics, these data reveal the
use of pain assessments as an independent factor in reduc-
ing the MV duration and the duration of ICU stay. Although
association does not prove a causal relation, the consis-
tency of the results regarding the types of adjustments and
the known effects of sedative use on MV duration suggest
a link between pain assessment and patient outcome. Spe-
cifically, pain assessment might result in more attention
toward pain and sedation management, in a multimodal
approach, that in turn might reduce the duration of MV and
duration of ICU stay. These findings, drawn from a large
database of patient-based current practices, strongly argue
in favor of the routine use of dedicated instruments to
assess both pain and sedation in mechanically ventilated
patients.

Duration of MV and duration of stay in the ICU have
become reliable markers for determining the effects of
sedatives and analgesics in mechanically ventilated pa-
tients.'®1® Several randomized controlled trials have
used these criteria to determine the efficacy of various
strategies in optimizing sedation and analgesia: protocol-
directed sedation according to consciousness levels,?%?’
sedation-based analgesia,”®*® daily interruption of seda-
tion,>*~>? combined sedation and ventilator weaning
protocol,>*** and spontaneous breathing trial during
ventilatory support.>>3® Researchers have also con-
ducted before-and-after studies to determine the impact
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of implementing protocols on the duration of MV and
duration of ICU stay in single centers.'”37~%° Common
to all of these studies is the repeated measurement of the
level of conscious levels—and possibly pain—to achieve
the desired target. In routine clinical practice, pain and
sedation measurement rates remain unsatisfactory.' -4
For this reason, we took a different approach to investi-
gating a possible link between clinical practices—assess-
ing pain in a cohort of mechanically ventilated pa-
tients—and changes in patient outcome. Despite the
well-known limitations of cohort studies compared with
randomized controlled trials, cohort studies do provide
useful information. In particular, they help to determine
the benefits and dangers of medical interventions, pro-
vided they respect the guidelines designed to strengthen
the quality of reporting in observational studies.*!

In the ICU, pain can result from several sources, in-
cluding surgical incisions, traumatic injuries, occult in-
fections, immobility, and ICU procedures.'*? Forty-five
percent of patients reported moderate to severe pain
(visual analog scale > 50 mm) during removal of the
endotracheal tube.*® Pain assessment in verbal patients
is straightforward, whereas assessing pain in patients
who are unable to communicate presents a great chal-
lenge. In the DOLOREA study, self-rating scales in-
creased in use on subsequent days, as the level of hyp-
notic use decreased and more patients became able to
communicate.'* This resulted in no pain assessment for
most nonverbal ICU patients. However, clinical instru-
ments have been developed to address this issue, includ-
ing the behavioral pain scale** and the Critical Care Pain
Observation Tool,** both of which show good validity
and rc:liability.9 By using appropriate instruments to sys-
tematically assess pain in nonverbal patients, 50% of
patients reported moderate to severe pain.15 Our cohort
of mechanically ventilated ICU patients, without severe
head injuries, was mostly nonverbal, as 80% received
sedatives on D2. We therefore hypothesized that mea-
suring pain in those patients would imply the concomi-
tant use of an instrument for measuring sedation, result-
ing in possible changes in the drug administration.

In this study, patients assessed for pain were less likely to
be treated with hypnotic drugs, and they received 30%
smaller daily doses of midazolam in comparison with the
patients not assessed for pain. There were marginal differ-
ences between the two groups regarding their medical
conditions. In addition, daily sedative interruptions were
not performed. Although being one means to achieve re-
duced hypnotic doses, daily sedative interruption is not
suitable for all mechanically ventilated patients.>*> There-
fore, these differences between the two groups of patients
could result from higher sedation assessment rates leading
to more restricted sedative use. Previous studies found a
30-50% reduction in the mean daily and cumulative dos-
ages of midazolam after the implementation of an algo-
rithm. Staff repeated pain and sedation measurements ev-
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ery 3 hin the intervention phase to target the sedation level
and adjust drug doses accordingly.*®>° When staff system-
atically assessed pain and agitation at rest and 30 min after
any procedure, the duration of continuous drug infusions
was reduced by 30%.">

In our cohort of patients, pain assessment was also asso-
ciated with better procedural pain management and with
significant changes in the use of other drugs on D2 (non-
opioids, neuromuscular blocking agents), in line with cur-
rent recommendations.*>~#® Because more than 90% of our
patients received opioids in the two groups, it could be
postulated that nonopioids were used more often because
pain assessment was provided in the group “Yes.” Some
evidence indicates that nefopam, a centrally acting nonopi-
oid analgesic that inhibits serotonin and norepinephrine
reuptake, may reduce postoperative morphine consump-
tion and morphine-related side effects in surgical pa-
tients.*® Although no impact can be inferred from 12% of
patients treated with nefopam, this suggests that benefits
could be expected from combining the use of nonopioids
with opioids in the ICU setting. Our results also indicate
that implementing ICU protocols and increasing education
about pain and sedation could significantly help caregivers
to follow national guidelines.

We found that patients assessed for pain required
fewer hypnotics, lower midazolam doses, shorter MV
durations by 3 days, and shorter ICU stays by 5 days. The
relation between continuous hypnotic infusions and MV
duration has been explored by daily sedative interrup-
tions, which resulted in lower daily midazolam doses
and, concomitantly, reduced MV durations.* Using the
concept of sedative interruption, the use of propofol
instead of lorazepam (a long-acting benzodiazepine) fur-
ther reduced MV duration.’® Both the dose and the type
of daily hypnotics can affect MV duration, a statement
supported by our findings. The comparable proportion
of patients in a deep sedative state (47% vs. 49% on D2)
indicates that, for those patients assessed for sedation,
both groups had similar sedation requirements, thus
excluding a potential confounding factor affecting MV
duration. This assertion is somewhat hampered by the
low proportion of patients assessed for sedation in the
group with no pain assessment (30%). Interestingly, few
studies have investigated whether the liberal use of opi-
oids has a similar effect on patient outcome. In the study
by Kress et al.,>° the shorter MV duration in the inter-
vention group resulted from lower doses of either mor-
phine or midazolam. De Jonghe et al>® reported no
changes in either the daily fentanyl doses or in the
duration of fentanyl administration during the interven-
tion phase, which resulted in 5 fewer days of MV. In our
study, we found marginal differences in opioid use be-
tween the two groups, suggesting that those agents may
have a less important role per se in the duration of MV
than hypnotic drugs. The high concomitant rates of
sedation assessments as well as the optimal use of anal-
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gesics at rest and during procedures should surely pre-
vent the inappropriate use of hypnotics to treat agitation
and other sources of patient discomfort. With a re-
stricted use of hypnotics in sedation-based analgesia,
results showed differences in MV duration from opioids
with different pharmacologic profiles.?®*°

The current analysis has several limitations, in addition
to those of the DOLOREA study that are discussed else-
where.'* First, although we made every effort to adjust
for illness severity, treatments, and ICU characteristics,
we could not randomly assign pain assessment. We used
propensity-adjusted analysis to eliminate imbalances be-
tween the groups of patients for measured characteris-
tics of both patients and sites. Apart from the highest
quintile, the overlap of propensity scores between the
two groups was satisfactory, indicating no imbalances in
baseline characteristics. Interestingly, no significant first-
order interaction was found (table 5), suggesting that the
relation between pain assessment and the shorter dura-
tion of MV and duration of ICU stay was homogeneous
across the quintiles of propensity scores. However, we
could not exclude unrecorded confounding factors that
may have influenced patient outcome, as recently
pointed out.”’! Our finding that differences in pain and
sedation management between the two groups still per-
sisted on D6 gives some reliability to the results found on
D2. Second, the odds ratios and their 95% confidence
limits for MV duration and duration of ICU stay were
close to one in the propensity score-adjusted analysis.
Therefore, the data may not be compelling enough to
strongly recommend pain assessment as a way of im-
proving ICU patient outcomes. However, an adequately
powered randomized controlled trial exploring the im-
pact of pain assessment in the ICU on patient outcomes
is ethically impossible to conduct, because pain and
sedation assessments are strongly recommended in na-
tional guidelines.*> Third, although we did study individ-
ual complications as a matter of routine, we cannot
exclude possible interrelations between multiple com-
plications within individuals. Fourth, we did not study
the pharmacokinetic interactions between hypnotics
and opioids or the pharmacogenetics of opioids that may
have influenced the sedative/analgesic drug effects.’ In
particular, there were more elderly patients with no pain
assessment, which could explain, in part, findings on MV
duration due to their sensitivity to drugs.’> However, the
impact of age was balanced between the two groups
with the use of a linear spline model in our adjustments.

In conclusion, our analysis shows an association be-
tween assessing pain in mechanically ventilated ICU pa-
tients and changes in clinical practice. In particular, staff
assessed sedation more frequently and reduced hypnotic
use. After adjustments, these changed clinical practices
were associated with a shorter duration of MV and a
reduced duration of stay in the ICU. Therefore, pain
assessment in nonverbal ICU patients, although difficult,
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must be promoted together with sedation measurements
in a multimodal approach, to avoid inappropriate use of
hypnotic drugs to treat or mask pain.
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