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Abstract: A 3-year old male who sustained 2™ and 3™ degree burns that covered approximately 60% TBSA presented
to a large adult and pediatric verified burn center. On hospital day (HD) 26 of his stay, Candida fungemia was identi-
fied by blood culture, delaying operative management until HD 47. On HD 47, after his first operative intervention,
the patient developed a persistent metabolic and lactic acidosis. On HD 66, a search for a cause of his osmol gap
of 56 mOsm/kg revealed a potential source-propylene glycol. Previous studies have implicated the propylene glycol
emulsifier in the silver sulfadiazine that was being applied to his skin as a rare cause of lactic acidosis in severely
burned patients. Within 24 hours of stopping the silver sulfadiazine therapy, his lactic acidosis and osmol gap re-
solved; within 72 hours his metabolic acidosis resolved. Silver sulfadiazine is commonly used adjunct therapy in the
treatment of 2" and 3" degree burns and generally has few adverse reactions. The absorption of propylene glycol
systemically can rarely occur when applied to extensive burns, presumably due to the disruption of the skin barrier;
the half-life of PG is 10 hours and can be prolonged with renal disease because ~50% of the sulfadiazine is excreted
in the urine unchanged. When propylene glycol is present systemically, it is metabolized to lactic acid in the liver,
which can cause a lactic acidosis. Several commonly used drugs also use propylene glycol as an emulsifier, includ-
ing IV preparations of lorazepam, pentobarbital, phenobarbital, and phenytoin. In all of these clinical scenarios,
including severe burn patients that are being treated with silver sulfadiazine, both lactic acid and propylene glycol
levels should be measured to monitor for this rare, potentially serious co-morbidity.
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Introduction between the serum osmolality and the normal

serum constituents. There are rare clinical situ-

Burn injuries involving greater than 30% total
body surface areas (TBSA) result in severe car-
diovascular, physiologic and immunologic
derangements [1]. When there is a massive
loss of free water, dramatic shifts in body fluid
occurs. Additionally, there is an increase in the
relative concentration of solutes. Hyperos-
molality is produced by the alterations in the
intake and losses of solutes and water and,
particularly in the severely burned patient,
hyperosmolality portends a poor prognosis [2].
In these patients, there is no discrepancy

ations whereby burn patients have osmolality
discrepancies due to exogenous chemicals. The
use of silver sulfadiazine, a commonly used
topical antibiotic in burn care, has been associ-
ated with the development of hyperosmolar
states [3-5]. Propylene glycol (PG), a compo-
nent of the cream-based silver sulfadiazine
topical antibiotic, does not cross the intact skin
barrier. However, transdermal absorption of PG
from the topical application of silver sulfadia-
zine (and the associated signs and symptoms
of PG toxicity) has been reported in patients
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Figure 1. The resolution of lactic acidosis occurs after the silver sulfadiazine application on HD 47 in the present
study. A. Lactic acid control chart both prior and after the stopping of silver sulfadiazine topical treatment. B. Reso-
lution of base deficits parallel changes decreases in lactic acid. C. Increases in serum creatinine may be related
to these changes as at least 50% of PG is excreted unchanged in the kidneys. Statistical process control methods
(SPC) [24, 25], as shown here, are commonly applied methodologies to statistically analyze quality control methods
in hospital settings such as the clinical laboratories or patient safety applications [26-31]. The data were presented
in a Shewhart control chart with upper and lower control limits to assist in discerning between common cause and
special cause variation. Common cause variation is the variation inherent in a stable system without statistically
significant changes over time. Special cause variation is unnatural, occurring as a result of changes or circum-
stances outside of the stable system. Special cause variation signals a statistical change and is detected according
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to specific rules in SPC related to trends above or below the mean or points above or below the control limits. These
special causes should be investigated for a source if not related to a known intervention when using in real time or
to analyze a process over time. In this case, an intervention (elimination of topical agent with PG) was linked to the
special cause variations seen in the laboratory studies. Traditional tests of significance also reveal a statistical dif-
ference post-intervention (see text); however, the cyclical patterns of serum lactates levels before and after dressing
changes would not have surfaced in real time using this method alone.

Table 1. Measured serum osmolality of pa-
tient described during hospital stay

Serum osmolality Hospital Day
(mOsm/kg)

355 66"

304 67

306 68

298 73

300 74

297 75

“Date of last silver sulfadiazine dressing.

with extensive burns [4-6]. Here we review a
case involving a 3-year old with extensive burn
trauma that demonstrated classic laboratory
values indicating serum PG toxicity. We discuss
the differential diagnosis of this patient and
illustrate the biochemistry and metabolism of
PG in the context of his clinical course. We will
also review the diagnostic options available to
diagnose this situation should it be necessary
given the critical role that silver sulfadiazine
plays in the treatment of burn patients.

Case study

A 3-year old male who sustained 2" and 3"
degree burns covering approximately 60%
TBSA-including circumferential trunk, back and
bilateral lower extremities with upper extremity
burns confined to his elbows-presented to a
large adult and pediatric verified burn center for
treatment. He was hemodynamically unstable
with significant respiratory compromise, requir-
ing intubation for airway protection. He
remained hemodynamically labile throughout
his nine-month hospital course. It was suspect-
ed that part of his hemodynamic instability was
due to Candida fungemia, which was identified
by blood culture on HD 26. Operative manage-
ment of his wounds was delayed until HD 47,
due to concerns surrounding his hemodynamic
instability and sepsis. While awaiting operative
management, his wounds were managed with
topical application of a mixture of silver sulfa-
diazine and nystatin. On HD 47, 5% of his

wounds were excised and covered with porcine
xenograft, whereas his remaining unexcised
wounds remained dressed with a mixture of sil-
ver sulfadiazine (Thermazene®, Silvadene®,
SSD Cream®) and nystatin. From HD 47 until
HD 68 he had a persistent metabolic and lactic
acidosis (see Figure 1A, 1B) initially attributed
to sepsis or diabetes insipidus. Sepsis was sus-
pected in the context of hemodynamic instabil-
ity requiring pressor support, history of Candida
fungemia and laboratory tests consistent with
disseminated intravascular coagulation (elevat-
ed prothrombin time (PT), partial thrombplastin
time (PTT), international normalized ratio (INR)
and thrombocytopenia). Diabetes insipidus was
suspected in light of the elevated serum osmo-
lality and high urine output but, in light of a
serum sodium that was either below or within
reference range, this diagnosis was eliminated.
A measured serum osmolality on HD 66 was
355 mOsm/kg. A concomitantly drawn basic
metabolic panel demonstrated a serum sodi-
um, blood urea nitrogen and glucose of 144
mmol/L, 5 mg/dL and 159 mg/dL, respectively.
This resulted in a calculated osmolality of 299
mOsm/kg. Continued investigation to identify
the source of this 56 mOsm/kg osmol gap (355
- 299 mOsm/kg) was initiated and upon close
review of his medications, it was discovered
that the patient was on two medications con-
taining PG-a potential cause of an osmol gap
metabolic acidosis-lorazepam and silver sulfa-
diazine [3, 7-10]. During this investigation a
cyclical nature to the elevated serum lactates
was also identified; peaking 6 hours after
dressing change, while reaching a nadir imme-
diately prior to dressing change. With this infor-
mation, a systematic approach to the determi-
nation of his acidosis was undertaken beginning
with modification of the dressing change regi-
men on HD 67 from silver sulfadiazine and
nystatin to a mixture solution of mafenide ace-
tate and amphotericin. Within 24 hours of stop-
ping the silver sulfadiazine treatment the lactic
acidosis and osmol gap resolved (Table 1). His
metabolic acidosis resolved within 72 hours.
Given the expeditious resolution of his labora-
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tory abnormalities, his clinical condition was
attributed to PG toxicity secondary to transder-
mal absorption of PG contained within the sil-
ver sulfadiazine. He remained in the hospital an
additional 7 months, during which his operative
management was completed, and was subse-
quently discharged home in good condition.

Results

The laboratory results obtained immediately
after the first attempt at covering a small per-
centage of his wounds, in retrospect, demon-
strated many of the classic laboratory findings
described in PG toxicity, most notably just prior
to the discontinuation of the silver sulfadiazine
(Figure 1). This patient’s arterial blood gases
demonstrated a profound metabolic acidosis
(base deficit nadir of -14.2) with a concomitant
lactic acidosis (serum lactate peak 5.7) (Figure
1A, 1B). Furthermore, the patient had a mea-
sured serum osmolality of 355 mOsm/kg (with
a concomitantly calculated osmolality of 299
mOsm/kg), a white cell count of 4.8 x10°%/L
(range 5.5-15.5 x10°%/L) and doubling of serum
creatinine from a baseline of 0.19 mg/dL to
0.49 mg/dL on HD 66 (Figure 1C). The changes
in lactate and base deficit were statistically sig-
nificant using both statistical process charts
(Figure 1 legend for explanation), and with tra-
ditional statistical methods (second-order
autoregressive model). The changes in lactate
and base deficit met statistical significance (p
=.009 and p = .015, respectively). The chang-
es in creatinine, however, were not statistically
significant (p = .093). In addition, repeated
blood cultures did not identify a bacterial or
fungal etiology for the lactic acidosis.

Discussion
Propylene glycol in silver sulfadiazine

Silver sulfadiazine (Thermazene®, Silvadene®,
SSD Cream®) is used as an adjunct in the treat-
ment of second and third degree burns to pre-
vent infection. It is usually applied once or twice
daily to a thickness of 1/16 inch to the affected
burned areas. Multiple adverse reactions have
been reported, including dermatologic (e.g.
itching, rash), hematologic (e.g. hemolytic ane-
mia, leukopenia, agranulocytosis, aplastic ane-
mia, thrombocytopenia), hepatitis, local pain
and burning, interstitial nephritis, and serum
hyperosmolality, due to the transdermal

absorption of the PG component in the cream
[6]. The transdermal absorption of PG during
topical application of silver sulfadiazine can
occur when applied to extensive burns, pre-
sumably due to the disruption of the skin barri-
er. The half-life of silver sulfadiazine is 10 hours
and can be prolonged with renal disease [6].
This occurs because approximately 50% of the
sulfadiazine is excreted in the urine unchanged
[11]. The time to peak concentration of sulfadi-
azine has been reported to be 3-11 days with
continuous topical therapy [11]. In the present
case, no evidence for PG toxicity was identified
prior to HD 47. The exact reason for this delay is
unknown, but may be related to the patient’s
decline in renal function, evidenced by a dou-
bling in serum creatinine (Figure 1C).

Silver sulfadiazine, propylene glycol toxicity,
and burn patients

While the identification of hyperosmolality and
lactic acidosis related to treatment with silver
sulfadiazine in burn patients is rare, it has been
reported by at least 5 groups since 1970.
Ecklund, et al. first demonstrated the presence
of hyperosmolality in burn patients treated with
silver sulfadiazine in 1970 [12]. They identified
that 15 of 74 patients (16%) had hyperosmolal-
ity; of these 15 patients, the reported osmolal-
ity approximated the calculated osmolality in 6
patients (Group A), leaving 9 patients (60%)
that did not have a known reason for the hyper-
osmolality (Group B) [12]. Patients with hyper-
osmolality that could be accounted for had
burn surface areas of 15-50% (avg. 33%), while
Group B had 35-90% burn surface areas (avg.
65%). The reported osmolality in Group A was
330 (calculated 333; discrepancy = -3). Group
B had an osmolality of 404 (calculated 320;
discrepancy 84). The authors of this study ana-
lyzed several patient serums by gas chromatog-
raphy estimated PG concentrations of 0.04 M
(40 mOsm) to 0.101 M (100 mOsm/kg) [12].
Group A patients without discrepancies did not
have appreciable amounts of PG detected in
their serum [12]. Since there were large differ-
ences in the average surface area affected in
Group A (33%) compared to those in Group B
(65%), the increased total surface area affect-
ed by severe burns may be one reason that PG
leaked into the systemic circulation.

Bekeris, et al. identified two severely burned
patients that had a marked hyperosmolality
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Table 2. Selected agents used in critical care
suspended in propylene glycol and implicated
in propylene glycol toxicity
Agent Reference
Barbiturate (pentobarbi- Yorgin, et al. [16]
tal and phenobarbital)
Bactrim Zar, et al. [32]
Benzodiazepines (diaz-  Parker, et al. [22]
epam and lorazepam) Arroliga, et al. [18]
Seay, et al. [15]
Wilson, et al. [17]
Wilson, et al. [9]
Tayar, et al. [19]
Cawley, et al. [20]
Zosel, et al. [21]
Zar, et al. [7]
Phenytoin Zosel, et al. [21]
Louis, et al. [14]
Bledsoe, et al. [8]
Bedichek, et al. [33]
Moore, FD [2]
Kulick, et al. [3]
Kulick, et al. [6]
Lockhart, et al. [11]
Eklund, et al. [12]
Bekeris, et al. [5]
Fligner, et al. [4]

Etomidate

Silver sulfadiazine

Peleg, et al. [13]
Paracetamol Allegaert et al. [34]
Nitroglycerin Demey [23]

while being treated with silver sulfadiazine [5].
These patients had 80% and 90% TBSA burns
and had peak serum osmolalites of 420 mosm/
kg and 493 mosm/kg, respectively [5]. When
both patients’ sera were analyzed by gas chro-
matography, PG was identified in both patients
at levels that could account for the differences
between the actual and calculated serum
osmolalities. Both patients died due to the
sequelae of gram-negative septicemia.

Ten years later, Kulick, et al. reported that in
262 hospitalized burn patients hyperosmolality
was a relatively common finding secondary to
exposure to silver sulfadiazine [3]. When they
investigated these 262 patients, they looked
for hyperosmolality by defining it as at least 2
osmolality values >310 mOsm/kg. They identi-
fied 15 of these patients (6%) met this defini-
tion of hyperosmolality. Nine of which were
found to have an osmol discrepancy, found to
be a volatile substance by freezing point
depression and vapor point analysis. Further
analysis by gas chromatography demonstrated
that PG as the agent accounted for most of the

osmol gap, secondary to exposure to their topi-
cal silver sulfadiazine utilized in their treat-
ments [3]. A clinically interesting observation is
that each of these patients had a TBSA > 35%,
indicating that PG levels causing hyperosmolal-
ity did not seem to occur in patients with small-
er burn surface areas. This is consistent with
the relative impermeability that intact skin has
to PG, which is decreased after burns violate
the integrity of this barrier [3].

In 1985, Fligner, et al. reported hyperosmolality
in an 8 month-old patient with 78% TBSA burn
due to PG [4]. The peak PG concentration iden-
tified in the patient was 1,059 mg/dL. The
increased osmol gap could be attributed to an
elevated PG level; the patient exhibited either a
zero-order elimination at a rate of 13.5 mg/dL/
hr or first-order elimination of 16.9 hours [4].
The authors propose that the transdermal
absorption of PG may have contributed to their
subsequent cardiac arrest.

While PG toxicity is seen when silver sulfadia-
zine preparations are applied to burn patients
with a higher percentage of TBSA, premature
babies may be more sensitive to PG toxicity, as
demonstrated in a recent case study. Peleg, et
al. reported a premature infant that experi-
enced propylene glycol intoxication. The patient
was 1200 g at 29 weeks gestation and was
accidently overheated on a heating pad caus-
ing second degree burns on the buttocks cover-
ing an area less than 5% TBSA [13]. The burns
were treated with gauze dressing of 0.2% nitro-
furazone dissolved in PG 96.8% [13]. On day 4
of life, the baby became apneic, lethargic and
had a metabolic acidosis before going into a
coma [13]. Cerebral spinal fluid and blood cul-
tures were negative and electrolytes were nor-
mal; urinary excretion of lactate and 2-ketoglu-
tarate was slightly elevated [13]. There was an
exceptionally high peak of PG in the urine chro-
matogram (~3000 mg/dL); plasma osmolality
and PG levels were not performed [13]. The
topical treatment was stopped and full recov-
ery occurred within 48 hours. The infant was
discharged at 2 months of age without subse-
quent problems, demonstrating normal growth
and development at 5 months of age [13].

Propylene glycol metabolism and laboratory
testing

In contrast to ethylene glycol, which can cause
acute toxicity in humans, PG is “generally rec-
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Figure 2. The metabolism of propylene glycol in hu-
mans involves both alcohol dehydrogenase and al-
dehyde dehydrogenase to form lactic acid. While at
least 50% of PG is excreted unchanged in the kidney,
the remaining is metabolized in the liver to lactic acid
if it is present in the systemic circulation.

ognized as safe” as an additive to medications
and foods. It is used as an emulsifying agent,
as an FDA-approved additive for military dietary
rations (Agency for Toxic Substances and
Disease Registry 1997), and as an emulsifying
agent in a number of commonly used medica-
tions-a fact not commonly recognized (Table 2).
No adverse health effects are likely to occur
when people are exposed to PG. However,
heavy use of these products has caused been
reported to induce excess levels of PG in the
body, including extensive topical application on
compromised skin [13-17].

Propylene glycol is rapidly converted lactic acid
through the actions of alcohol dehydrogenase
and aldehyde dehydrogenase in the liver (Figure
2) [9, 18-20]. Lactic acid is then converted to
pyruvate and metabolized through the Krebs
cycle [21], which is then metabolized to carbon
dioxide and water. The elimination half-life of
PG is about 4 hours; with 12-45% of the
absorbed PG excreted by the Kkidneys
unchanged or as the glucuronide conjugate [9,
18-20]. While it is “generally recognized as
safe,” toxicity due to PG should be considered
in any patient receiving a medication that con-
tains PG as a solvent in which hyperosmolality,
lactic acidosis, or a clinical presentation similar
to sepsis develops as in the present case. Signs

and symptoms of sepsis overlap with PG toxici-
ty, so it is critical to be able to discern between
these two entities based not only using clinical
signs and symptoms, but also laboratory test-
ing (Table 3). When determining the PG contri-
bution to the osmol gap and toxicity, it has been
shown that serum PG concentrations correlate
with an osmol gap at 48 hours [18] and the PG
levels can be divided by 7.6 to estimate the
osmolar effect [22].

Propylene glycol is a small molecular weight
alcohol that does not bind tightly to serum pro-
teins and is highly water soluble, so it is cleared
quickly by hemodialysis [17, 22]. Intermittent
hemodialysis has been suggested as the pre-
ferred method of treatment as it lowers levels
quickly [22]. Previous studies have also report-
ed the use of fomepizole as it inhibits alcohol
dehydrogenase to prevent the formation of lac-
tic acid [21-23].

Laboratory testing for lactic acid levels and for
PG itself should be performed in patients
exposed to medications suspended in PG, if an
osmol gap is identified (Table 2). This will
require a greater appreciation for the potential
toxicity that occurs in these preparations due to
the emulsant PG. Lactic acid testing is a routine
test run in most clinical laboratories with a turn-
around time of 5 minutes. Propylene glycol can
be measured using gas chromatography from
urine or serum. However, not all facilities have
the ability to test for PG, requiring it to be sent
out for analysis. When gas chromatography is
available to detect PG, it generally takes about
2 hours (1 hour, if ordered as an emergent test).

Summary

In this case, we illustrate the potential toxicity
of the generally harmless emulsification agent
PG used in many medications, including silver
sulfadiazine. The exact reason for the patient’s
sensitivity to the silver sulfadiazine on HD 47 of
treatment is not clear, but it is evident that the
lactic acidosis resolved immediately upon
removal of the treatment. Since up to 50% of
lactic acid is cleared by the kidneys, one possi-
ble reason may be the patient’s worsening kid-
ney function at the time the lactic acidosis.
When using drugs with PG, including silver sul-
fadiazine, it is prudent to be aware of the
adverse symptoms that may occur including
hematologic (e.g. hemolytic anemia, leukope-
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Table 3. Signs and symptoms of propylene glycol toxicity and sepsis

Propylene Glycol Toxicity

Sepsis/Septic Shock

Hypotension

Tachypnea

Tachycardia

Cardiovascular collapse

Normothermic™*

Metabolic (Lactic) Acidosis

Osmolar Gap/Hyperosmolality**
Leukopenia/Leukocyte count normal

No evidence of infection (Negative bodily fluid cul-
ture, Negative radiographic findings)*
Thrombocytopenia/Normal platelet count
Coagulopathy (Intravascular Hemolysis)
+/-Hepatic Dysfunction

Hypotension
Tachypnea
Tachycardia

Cardiovascular collapse
Hyperthermic/Hypothermic™*

Metabolic (+/-

Lactic) Acidosis

Non-Gap Acidosis™

Leukopenia/Leukocytosis

+/- Evidence of infection (Negative bodily fluid culture,
Negative radiographic findings)*

Thrombocytopenia

Coagulopathy

+/-Hepatic Dysfunction

The use of propylene glycol based drugs can be confused with sepsis as it can clinically mimic it [19]. ““indicates key symptoms

and signs differentiating the two clinical entities.

nia, agranulocytosis, aplastic anemia, thrombo-
cytopenia), hepatitis, and interstitial nephritis
and follow the serum osmol gap. With discrep-
ancies in osmol gap, it is most efficient to moni-
tor serum lactate, identify medications contain-
ing PG, and remove the PG medication to
reverse any toxicity that can occur. While rare,
PG toxicity is a potential serious co-morbidity in
burn patients, especially those with a large
burn.
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