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“Opioid creep” is real and may be the cause of “fluid creep”
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Abstract

Recent studies have shown that burn patients receive larger volumes of fluids than predicted by the Baxter formula and the reason for this
is unclear. One potential reason is that increased analgesics are usedwhich could blunt the response to fluid resuscitation. The purpose of this
study was to compare the administration of opioid agonists in patients treated at a single burn center in the 1970s and in the year 2000. We
performed a retrospective chart review comparing two matched cohorts. Group I consisted of 11 patients admitted between 1975 and 1978.
Group II consisted of 11 patients admitted in 2000 matched for age, sex and %TBSA. Patients in Group II received a significantly higher
mean opioid equivalent than those in Group I (26.5± 12.3 versus 3.9± 2.2 in the first 24 h, P < 0.001). In addition, in Group II, a larger
variety and combination of opioid agonists were used. This review demonstrates a significant increase from the 1970s to 2000 in the type,
dose prescribed and dose delivered of opioid agonists. Alongwith “fluid creep”, we have also increased our use of opioid agonists or “opioid
creep”. Higher doses of opioid agonists may have hemodynamic consequences, which may contribute to the increased fluid volumes.
© 2004 Elsevier Ltd and ISBI. All rights reserved.
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1. Introduction

A major burn injury results in hypovolemia induced burn
shock, hypoxia and severe pain [1]. The acute post-burn pe-
riod in the first 48–72 h is marked by cardiovascular insta-
bility due to this hypovolemia from fluid shift and loss [2,3].
Though treatment of major thermal injuries has evolved over
the last 30 years, the focus of care during this acute period
remains airway management, intravascular volume resusci-
tation and pain control.
In 1968, Charles Baxter first described using 3.7–4.3mL/kg

per percentage total body surface burned area (%TBSA)
of lactated Ringers as a guideline for effective fluid resus-
citation following burn injury [4–12]. In 2000, Engrav et
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al. [13] reported that 58% of patients admitted that year
to six burn centers in the United States received more
than 4.3mL/kg per %TBSA. This phenomenon of provid-
ing excessive fluid resuscitation volumes has been termed
“fluid creep” by Pruitt [14]. Although complications from
excessive fluids have not been clearly established in burn
patients, it is known that large fluid volumes contribute to
abdominal and compartment syndromes and to pulmonary
complications [15–19].
In 1973, Marks and Sachar [20] reported that house staff

physicians underprescribe medication for acute burn pain,
and to compound the issue, only a fraction of the analgesics
prescribed were delivered. In the subsequent 30 years, many
other authors have also described inadequate treatment of
acute pain [21–25]. Just as we have previously reported that
burn patients receive significantly larger volumes for fluid re-
suscitation [26], we have also observed that patients receive
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larger doses of opioid agonists during the acute 48–72 h pe-
riod after a major burn. Perhaps we have responded to re-
ports of inadequate treatment with the prescription and de-
livery of increasing doses of opioid agonists. Thus, along
with “fluid creep”, we may have also increased our use of
opioid agonists, a phenomenon we have now termed, “opi-
oid creep”. Higher doses of opioid agonists are not likely
without hemodynamic consequence [27,28]. These higher
doses of opioids likely contribute to hypotension and there-
fore may increase fluid needs in the period of acute burn
shock.
The purpose of this study was to compare opioid agonist

use between two matched cohorts of patients treated at two
distinct time periods (1970s and 2000) during the acute pe-
riod after a major burn injury. We hypothesized that there
was a significant increase in opioid use.

2. Methods

Following University of Washington Human Subjects
Committee approval, we retrospectively reviewed records
of two cohorts of patients admitted to the University of
Washington Burn Center at Harborview Medical Center
with a major burn, as defined by MacLennan et al. [1]
Group I consisted of 11 patients admitted to this burn cen-
ter between 1975 and 1978. These patients were selected
because historical charts were complete and available for
review. Group II consisted of 11 patients matched for age
and %TBSA (partial and full-thickness burns) admitted to
this burn center in 2000. Demographic and clinical data and
several independent variables were collected for each pa-
tient. Our outcomes of interest were type of opioid agonist
delivered, total amount of opioid agonist prescribed for pro
re nata (PRN) pain control, total amount of opioid agonist
delivered in each 24 h period for the first 72 h after hospi-
talization and the correlation of opioid equivalents and fluid
volumes. Total amounts of sedative-hypnotic and paralytic
medications were also collected for each 24 h period.
The treating physician determined which opioid agonists

and what dose ranges should be administered. Opioid ag-
onists include morphine sulfate, meperidine, codeine, oxy-
codone, hydromorphine, methadone, fentanyl and sufentanil
[29] Choice of medication was individualized to the patient’s
condition (i.e. ability to take medication by mouth) and
physician preference. Nursing staff delivered a dose based
on their assessment of the patient’s level of pain and within
the prescription limitations. For purposes of data analysis,
the diverse types and doses of opioid agonists delivered
were converted to opioid equivalents (OE) [29,30] based on
American Pain Society standard equivalency recommenda-
tions [31]. One opioid equivalent theoretically is equipotent
in analgesic effects to morphine 10mg administered intra-
venously (IV) [32].
The Mann–Whitney U-test was used to test for potential

differences between continuous variables and the Chi-square

or Fisher’s (two-tailed) exact test was used to test for po-
tential differences in proportions between categorical vari-
ables of the two groups. The Spearman test was used eval-
uate for correlation between opioid equivalents and fluids
administered. Results are reported as mean ± standard de-
viation. Statistical analyses were performed using Stata 6.0
software (StataCorp, College Station, TX, 1999) and SPSS
11.0.1 (SPSS Inc., Chicago, IL). P < 0.05 was considered
statistically significant.

3. Results

3.1. Demographics and clinical characteristics

The demographics and clinical characteristics of Groups I
and II were similar except that fluids administered to Group
II significantly (P < 0.001) exceeded those delivered to
Group I (Table 1). Although two more patients in Group II
than Group I suffered smoke inhalation, their fluid require-
ments did not differ significantly from those without smoke
inhalation.

3.2. Types of opioid agonists

The diversity and number of opioid agonists administered
increased from the 1970s to 2000 (Table 2). In Group I, a
single medication for pain, morphine administered IV, was
delivered to nine patients while the other patients received a
combination of two opioid agonists. In Group II, the pattern
was the opposite with only two patients receiving a single
opioid agonist, while the remaining nine patients received a
combination of up to four agonists.

Table 1
Demographics and clinical characteristics

Group I Group II P

Age (year) 35 ± 15 33 ± 13 NS
Range 16–66 13–56 NS

Male sex—no. (%) 8 (72%) 8 (72%) NS
Weight (kg) 81 ± 21 74 ± 20 NS
Range 54–117 44–103 NS

%TBSA: 2nd + 3rd degree 58 ± 17 48 ± 15 NS
Range 22–85 27–76 NS

Type of burn NS
Flame—no. (%) 9 (82%) 11 (100%) NS
Tar/grease—no. (%) 2 (18%) 0 (0%) NS

Smoke inhalation injury - no. (%) 3 (27%) 5 (45%) NS
Intubated—no. (%) 6 (55%) 9 (82%) NS
History of psychiatric diagnosis or
positive drug or alcohol screen
(%)

4 (36%) 4 (36%) NS

Total fluids first 24 h
(cc/kg per %TBSA)

3.6 ± 1.1 8.0 ± 2.5 <0.001

NS: not significant.
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Table 2
Comparison of opioid agonists delivered in the first 72 h

Opioid agonist delivered Group I Group II

Morphine 9 0
Fentanyl 0 2
Morphine + hydromorphone 1 0
Morphine + meperidine 1 0
Fentanyl + morphine 0 5
Fentanyl + morphine + oxycodone 0 1
Fentanyl + morphine + methadone 0 1
Fentanyl + oxydodone + methadone 0 1
Fentanyl + morphine + oxycodone

+ hydromorphone
0 1

3.3. Prescribed opioid agonists

The maximum prescribed OE increased significantly be-
tween the 1970s and 2000 for the first, second and third
24-h period after admission (Fig. 1). For Group I, all 11 pa-
tients had opioid agonists prescribed as PRN baseline pain
or wound care and the average maximum prescribed PRN
OE for each of the first three 24 h periods was 7.2 ± 2.9.
For Group II, 8 of 11 patients had opioid agonist drip orders
to “titrate to comfort” for baseline pain. It was not possible
to calculate a maximum prescribed PRN OE for these or-
ders. In addition to these drip orders, all 11 patients from
Group II also had PRN opioid agonist orders for baseline
pain or wound care with an average maximum prescribed
PRN OE of 34 ± 25, 33 ± 25 and 32 ± 25 for each of the
first three 24 h periods, respectively. Excluding the drip or-
ders, patients from Group II still had a significantly greater
median OE available as additional PRN orders when com-
pared to the median of the maximum prescribed PRN OE
available to Group I for each of the first three 24 h periods
after admission (P = 0.001 for each 24 h period).

3.4. Delivered opioid agonists

The dose of opioid agonist delivered to patients is pre-
sented in Table 3. The total OE delivered to patients from
Group II was greater than that delivered to patients from

Fig. 1. Maximum prescribed PRN opioid equivalents during the two periods.

Table 3
Comparison between Groups I and II of maximum delivered PRN OE
and OE delivered in each of the first three 24 h periods

OE !/kg/h mg/kg

Group I opioid agonist delivered
First 24 h 3.9 ± 2.2 20.1 ± 10.4 0.5 ± 0.3
Second 24 h 3.3 ± 1.8 17.5 ± 11.0 0.4 ± 0.3
Third 24 h 3.1 ± 1.3 15.0 ± 8.2 0.2 ± 0.4

Group II opioid agonist delivered
First 24 h 26.5 ± 12.3 163.5 ± 97.1 3.9 ± 2.3
Second 24 h 24.0 ± 11.5 145.6 ± 78.5 3.5 ± 1.9
Third 24 h 27.6 ± 21.9 164.5 ± 137.4 3.9 ± 3.3

Group I in each of the first three 24 h periods after admis-
sion (Fig. 2). These differences were significantly greater
than would be expected by chance alone (P < 0.001 for
each 24 h period).

3.5. Delivered versus prescribed opioid agonists

Consistently, patients from Group I received significantly
less median OE than the median of the maximum prescribed
PRN OE available in each of the first three 24 h periods
(3.9 ± 2.2 versus 7.2 ± 2.9, P < 0.05; 3.3 ± 1.8 versus
7.2± 2.9, P < 0.01; 3.1± 1.3 versus 7.2± 2.9, P < 0.01,
respectively) (Fig. 3a). This was not the case for Group II
(Fig. 3b). Most of the patients from Group II had opioid
agonist drips titrated for comfort with no maximum OE for
these drip orders. Excluding the OE available by these drips,
patients from Group II were delivered a median OE that was
not different from the median of the maximum prescribed
PRN OE available in each of the first three 24 h periods
(27± 12 versus 34± 25, P = 0.83, 24± 12 versus 33± 25,
P = 0.52, 28± 22 versus, 32± 25, P = 0.28) (Fig. 3c).

3.6. Correlation of opioid equivalents and fluids

The Spearman correlation for opioid equivalents and flu-
ids administered (cc/kg per %TBSA) in the first 24 h is 0.6
(P < 0.01) (Fig. 4), which denotes a relatively strong linear
association.
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Fig. 2. Opioid equivalents delivered.

Fig. 3. (a) Comparison of prescribed and delivered opioids in Group I (1970s). (b) Comparison of prescribed and delivered opioids in Group II (2000).
(c) Comparison of prescribed and delivered opioids in Group II (2000) patients without opioid drips.
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Fig. 4. Correlation of fluids and opioid equivalents.

3.7. Type and dose of sedative-hypnotic and paralytic
drugs

The number of patients who received a sedative-hypnotic
drug increased from the 1970s to 2000. In Group I,
one patient received a paralytic drug, pancuronium.
Sedative-hypnotic drugs were given to 5 of 11 patients with
two patients receiving diazepam, a long-acting benzodi-
azepine, two received hydroxyzine pamoate, a long-acting
histamine receptor antagonist with significant central ner-
vous system depressant activity, and one received chloral
hydrate, a nonselective sedative-hypnotic drug. The aver-
age dose of midazolam delivered in each of the first three
24 h periods was 9.3 ± 2.5, 18.5 ± 2.1 and 0mg, respec-
tively. In Group II, one patient received pancuronium.
Sedative-hypnotic drugs were given to 9 of 11 patients with
3 receiving midazolam, a short-acting benzodiazepine; 3 re-
ceived lorazepam, an intermediate duration benzodiazepine,
and 3 received both midazolam and lorazepam. Drip orders
to “titrate to comfort” were written for 8 of the 11 patients.
The average dose of midazolam delivered in each of the
first three 24 h periods was 49.0 ± 60.8, 106.0 ± 100.0
and 159.0 ± 173.4mg, while that of lorazepam was
43.8 ± 44.5, 61.5 ± 75.5 and 53.9 ± 63.8mg, respectively
(Table 4).

Table 4
Comparison of sedative-hypnotic and paralytic drugs delivered in the first
72 h

Sedative-hypnotic/paralytic drug delivered Group I Group II

Pancuronium 1 1
Diazepam 2 0
Hydroxyzine pamoate 2 0
Chloral hydrate 1 0
Midazolam 0 3
Lorazepam 0 3
Midazolam and lorazepam 0 3
Drip order with “titrate to comfort” 0 8

3.8. Psychiatric disorders and positive drug or alcohol
screens

Four patients in each group were noted to have a history
of psychiatric disorder or positive drug or alcohol screens. In
Group I the mean opioid equivalents for those with and with-
out these conditions was 4.3±2.9 and 3.7±2.0, respectively.
In Group II, the mean opioid equivalents for those with and
without these findings were 25.6 ± 16.7 and 27.0 ± 10.5,
respectively. There was no statistical difference (P > 0.05).

4. Discussion

Treatment of major burn injury in the acute period remains
airway management, volume resuscitation and pain control.
However, it appears that over the last 30 years, care may
have changed such that we now see a pattern of increased
fluid resuscitation volumes (fluid creep) as well as increased
opioid analgesic administration (opioid creep). One expla-
nation for fluid creep may be the increasing doses of opioid
agonists that patients receive. Our study confirmed our hy-
pothesis by showing a significant increase from the 1970s to
the year 2000 in the type, dose prescribed and dose delivered
of opioid agonists between two similar groups of patients
with major burn injury during the acute resuscitation period.

4.1. Prescribed opioid agonists

In Group I, most patients received a single medication
for pain, while in Group II, patients were often given some
combination of up to four different opioid agonists. Latarjet
and Choinere [33] recommends avoiding polypharmacy to
better understand the pharmacologic properties, dose effect
relationship and efficacy/safety ratio. It is possible that we
need to limit the diversity of opioid agonists as this could
lead to lower doses with better pain control.
Prescription and administration of pain medications are

primarily based on the assessments and the impressions of
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the treating physician and nurse [33]. However, physician
and nurse impression of burn patient pain have been stud-
ied and are often unreliable [21,34–37]. It is possible that
we now prescribe and deliver doses of opioid agonists that
are, at times, in excess of that needed for adequate pain
relief.

4.2. Delivered opioid agonists

Patients from Group II were delivered significantly more
OE than those from Group I. Additionally, significantly less
OE were delivered than were available by prescription for
Group I, while there was no difference in the amount of
OE delivered to patients from Group II when compared to
that available by prescription. Latarjet and Choinière [33]
state that the initial stages of burn pain have clearcut fea-
tures including precise description, obvious cause and a re-
liable dose–effect pharmacological relationship. However,
determining a reliable dose–effect relationship for opioid
agonists may not be so straight forward. Published rec-
ommendations for pain treatment have increased over the
last 30 years and many authors have emphasized the need
for more aggressive analgesic intervention for burn injury
[24,38]. When the OE delivered to patients in our study
are compared to the recommendations of others, it appears
that we used lower doses for Group I and higher doses
for Group II than many of the published recommendations
[23,24,33,39–41]. Our own center has reported that insuf-
ficient analgesics are often prescribed to burn patients, and
even when adequate doses are ordered, nurses in the past
have delivered less than half of the prescribed daily dose
[42]. With many reports of undermedication, including that
from our own institution, we may have been encouraged
to prescribe and deliver increasingly higher doses of opioid
agonists.
Indeed, patients with burns require high doses of opioid

agonists for pain relief, but this delivery is not without conse-
quences. The clinical course of burns is marked by hypoten-
sion and total body instability due to intravascular volume
depletion for the first 24–48 h after a burn. The administra-
tion of high doses of opioid agonists may further alter the
hemodynamics of burn patients by potentiating this instabil-
ity and blunting the response to fluid resuscitation [27,28].
With these changes in hemodynamics, physicians may re-
spond with increased volume resuscitation. Volume resusci-
tation has increased over the same 30 year period that we
have observed an increase in OE. The hemodynamic effects
of higher doses of opioid agonists may lead to the increased
volume resuscitation in the acute period or “fluid creep” as
suggested by the correlation of 0.6. During a time of cardio-
vascular chaos in the acute period, balance must be achieved
between the effects on pain control and the potential for ex-
acerbation of hemodyamic instabilty caused by high doses
of opioid agonists. The scatter plot and correlation (Fig. 4)
suggest that administering more than 10 opioid equivalents
in the first 24-h period may be unwise.

In addition to hemodynamic alterations, the pharmacoki-
netics of medications change during this acute phase of ma-
jor burn injury and may be further altered with the larger
volumes of resuscitation now used [29,43]. Pharmacokinetic
parameters such as absorption, bioavailability, protein bind-
ing, volume of distribution and clearance of medications
change [44]. The extent of these changes depends on the
magnitude of injury and the time between injury and drug
administration [45]. The effect of burn on renal clearance
is debated in the literature. Morphine is largely eliminated
by hepatic metabolism and its principal metabolites by re-
nal excretion [46]. Herman found the elimination half-life
of morphine oral solution was similar between patients with
and without burns though suggests that morphine is cleared
more rapidly in patients with burns [47]. Furman found that
morphine elimination is diminished and reported a decrease
in the volume of distribution and clearance and an increase
in the elimination half-life of morphine in the acute period
after major burn injury [48]. Perry found that morphine is
cleared by normal metabolic pathways in patients with burns
and pharmacokinetics are similar in patients burned and not
burned, though this study was not in the acute period [49].
Perreault also states that the effects of major burn injury on
metabolism and organ flow do not modify clearance of mor-
phine and its metabolites [50].

4.3. Psychiatric disorders or positive drug or alcohol
screens

Perry et al. [24] reported 40% of a cohort of patients had
a history of drug abuse, alcoholism, or psychiatric hospi-
talization though these patients did not report a significant
difference in amount of pain or differ in the amount of pain
medication received. While patients with this history might
require larger doses of opioids due to tolerance, we did not
find a difference between patients with or without this his-
tory in either Groups I or II.

4.4. Sedative-hypnotic drugs

In addition to higher doses of opioid agonists, we used
benzodiazepines more frequently and in much higher doses
in 2000 when compared to the 1970s. Benzodiazepines are
used for sedation and anxiety. Because acute pain is exac-
erbated by anxiety, benzodiazepines can reduce pain when
combined with opioid agonists [51]. Despite the use of drips
and high doses of benzodiazepines for patients in Group II,
these patients still received much larger doses of opioid ag-
onists. Additionally, benzodiazepines, like opioid agonists,
decrease blood pressure and increase heart rate. Large doses
of benzodiazepines, therefore, may contribute to excessive
volume resuscitation in the acute period after major thermal
injury. With larger volumes of resuscitation, plasma albu-
min concentrations decrease and binding of drugs such as
benzodiazepines is decreased, resulting in an increase in the
free fraction and thus a larger volume of distribution for the
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drug [52]. This then results in a need for even larger doses
of benzodiazepines.

4.5. Patient self-reports of pain

In the 1970s, patient self-reports of pain were not con-
sistently documented. Therefore, a comparison of patient
self-reports of pain is not possible.

4.6. Future directions

We are obligated to evaluate further this growth in use of
opioid agonists for burn pain treatment. Similar comparisons
should be done at other burn centers to see if the same trend
applies. Poor response of opioid agonists to pain control
should not simply mean giving higher and higher doses, but
instead, requires further investigation. Non-pharmacological
methods of pain control should also be utilized. Non-opioid
agonist approaches to burn pain such as provider and pa-
tient education, behavioral interventions, family presence,
hypnosis, and virtual reality have been described [37,51].
Furthermore, the burn team must investigate the relation-
ship between opioids, benzodiazepines and increased fluid
volumes.
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