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Abstract

Objective—The aim of this study was to evaluate cardiac function and clinical outcomes in
perioperative pediatric burn patients.

Methods—Transesophageal echocardiography data was collected on 40 patients from
2004-2007. Of the 40 patients who received exams, a complete set of cardiac parameters and
outcome variables was obtained in 26 patients. The mean age of the patients was 9.7 £ 0.9 years
old, and the mean total body surface area burn size was 64% + 3%. Patients were divided into two
groups based on systolic function. One group represented patients with ejection fractions of >50%
and the other group ejection fractions of <50%. Clinical variables were then compared among the
groups.

Results—In our cohort, systolic dysfunction was observed in 62% of patients (EF <50%).
Systolic dysfunction was associated with a statistically significant increase in number of surgeries,
ventilator days and length of stay in the intensive care unit. The length of stay in patients with
preserved systolic function and those with systolic dysfunction was 34.3 £3.3 days and 67.2 £ 4.0
days respectfully. Diastolic function measurements were obtained in 65% and 88% had evidence
of diastolic dysfunction. Diastolic dysfunction was not associated with any statistically significant
correlations.

Conclusions—This study lends evidence to the well-supported basic science models showing
cardiac dysfunction following burns. Additionally, it shows that cardiac dysfunction can have
clinical consequences. To our knowledge this is the first study that shows the clinical sequelae of
systolic dysfunction in the perioperative pediatric burn population.
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Introduction

Methods

Myocardial depression is well documented following experimental burn injury. Adams et al
formally described slowed relaxation, decreased diastolic compliance, and impaired left
ventricular contractility in guinea pigs following burn injury 1-3. Multiple animal models of
burn injury have similarly demonstrated impaired cardiac function 412, Specifically, these
models show that myocardial contractile dysfunction and impaired diastolic myocardial
relaxation occur following burn injury.

Clinically, myocardial dysfunction following burn injury and its related sequelae remains
somewhat controversial. There are several small studies that support evidence of myocardial
depression. For example, Reynolds et al, 13 retrospectively reviewed a small cohort of
pediatric patients with greater than 60% total body surface area (TBSA) burns using Swan-
Ganz catheter recordings; they found depressed left ventricular function throughout the
acute resuscitation period. Minifee et al 14 found that large TBSA burns resulted in high
circulating endogenous epinephrine levels. Despite increased catecholamine levels, cardiac
function remained relatively hypocontractile. In addition to myocardial depression,
myocardial injury has also been described in response to thermal injury. Murphy et al 1°
found that patients with greater than 15% TBSA injury had an elevation in troponin. These
authors also observed a reduced stroke work despite a progressively increased pulmonary
artery occlusion pressure (PAQOP) in the acute resuscitation period. On the other hand, others
have reported preservation of cardiac function following burn injury. Goodwin et al 16
reported an increase in internal fiber shortening using M-mode echocardiography following
burn injury. More recently, Papp et al 17 published a transesophageal echocardiogram (TEE)
study evaluating systolic and diastolic performance subsequent to thermal injury and found
that cardiac function was not depressed.

Perioperative cardiac dysfunction can greatly impact management. Clinical quantification of
cardiac function in perioperative burn patients is difficult and often indeterminate. The goals
of this study were to define cardiac function using TEE after large burn injuries and
determine the impact on clinical outcome.

Systolic and diastolic function was assessed using TEE in children age 2-18 years (mean 9.7
+ 0.9 yrs) with >35% TBSA burn admitted to the Shriner’s Hospital at Galveston. For this
Institutional Review Board (IRB) approved cohort, TEE data was collected and compared to
length of stay and other variables. The data collection period was from 2004 through 2007.
TEE was performed as part of clinical care during the initial intensive care unit (ICU)
period. Specific indications/inclusions included: patients requiring inotropic and/or pressor
support after the first 24hr following burn injury, enlarged cardiac silhouette on chest X-ray,
significant pulmonary edema on chest x-ray or increased extravascular lung water measured
by transpulmonary thermodilution, unexplained hypotension or suspicion of endocarditis.
TEE data was obtained in 40 patients. Patients with a history of esophageal or upper
gastrointestinal (Gl) disease, or severe coagulopathy were excluded. Outcome data was also
excluded due to death (5), cardiac arrest (1), inability to obtain a complete set of clinical
data from medical record (7) or electrical burn (1). After these exclusions,
echocardiographic parameters of cardiac function and outcome variables were obtained in
26 patients.

An experienced cardiothoracic anesthesiologist, with perioperative echocardiography board
certification, performed the TEE exam. A Vivid 7 ultrasound (GE Medical System,
Milwaukee, WI) system with a 6T or 9T probe was used, depending on the size of the
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patient. The TEE exams took place either in the ICU, at bedside, or in the operating room,
on OR table, prior to surgical incision. General endotracheal anesthesia using ketamine (3-5
mg/kg) and propofol (0.5-1 mg/kg) was administered to secure the airway and facilitate
insertion and manipulation of the TEE probe. Patients were mechanically ventilated and
hemodynamically stable during TEE exam. TEE exams were accomplished in 10-15 min,
well tolerated and without complications. Systolic function was evaluated by 2D
echocardiography using a left ventricular (LV) long axis view at 60-90 degrees. End
diastolic and end systolic areas were traced and end diastolic volumes (EDV) and end
systolic volumes (ESV) were calculated using modified Simpson’s rule from representative
recordings over 3-5 cardiac cycles. Ejection Fraction% (EF%) was determined as: EF%=
(EDV-ESV)/EDV. Evaluation of diastolic function was accomplished using Doppler
echocardiography and tissue Doppler imaging. Similarly, diastolic parameters were obtained
from representative recordings over 3-5 cardiac cycles. The pulsed Doppler sample volume
was placed at the tips of the mitral valve. The peak mitral inflow velocities (E and A waves)
were recorded. Tissue Doppler was performed from the lateral aspect of the mitral annulus.
From this data, early (e”) diastolic velocity was obtained. Ventricular compliance was
assessed by using the ratio of transmitral E velocity to e’ ratio, as E/e’. This ratio has been
shown to correlate as an index of filling pressures and is a preload-independent index of LV
relaxation 18,

Patient demographics (age, gender, and %TBSA) and outcome variables (length of stay in
ICU, number of surgeries, presence of inhalation injury, number of ventilator days, serum
creatinine, and amount of pharmacologic cardiac support) were recorded. All recorded
variables were compared to TEE findings of systolic and diastolic function. The length of
ICU stay was determined by using chart review, from admission date until discharge from
the unit. In the case of multiple admits, the total days on unit from each admission to the
burn ICU were added together and described collectively as length of stay (LOS). The
number of surgeries for each patient was obtained from nursing transport notes and
confirmed by the operative anesthesia record. Ventilator days were assessed from
respiratory flow sheets that were completed for each patient every day. Renal function was
evaluated by serum creatinine. The values for creatinine measurements were collected via
chart review. Labs were drawn on patients while they were in the ICU and serum creatinine
was measured in the Shriners Hospital for Children Galveston laboratory. All creatinine
values reported were drawn within 24 hours of the echocardiography exam. The use of
pharmacologic cardiovascular support (pressors or inotropes) at the time of
echocardiography exam was recorded from the nursing notes and physician orders.
Pharmacologic agents included dobutamine, dopamine, and epinephrine. The dose of each
agent was also recorded. Inhalation injury was determined by chart review, specifically by
the attending anesthesiologist interpretation of the bronchoscopy performed upon admission
to the burn ICU. Time until arrival at advanced burn center was measured in days from date
of burn injury to date of arrival at the burn center.

Data and Statistics

The patients were separated according to their systolic function (EF% of >50% and EF% of
<50%) and compared by number of surgeries, ventilator days, pharmacologic cardiac
support and overall length of ICU stay. We defined systolic dysfunction as an EF% <50%
and normal as an EF% >50%. The cut-point for the EF% determination was based on
defined standards for TEE impact used for perioperative echocardiography in cardiac
surgery. The two groups were compared to outcome variables using a non-paired Student’s ¢
test. Data are expressed as mean + SEM. A p value of less than 0.05 was considered
statistically significant.
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Results

In our cohort, systolic dysfunction (EF% < 50%) was observed in 16/26 patients or 62% and
preserved systolic function (EF>50%) was observed in 10/26 or 38%. More males than
females were studied. There were no significant differences in gender between the two
systolic function groups. Mean age between the two groups did not differ significantly with
10.0 £ 1.3 years old for EF% < 50% and 9.6 + 1.2 years old for EF>50%. There were no
temporal distribution differences, which is that children in who received evaluation in 2004
had no worse chance of having impaired systolic function than those examined in 2007.
Finally, the TBSA% burn in the preserved EF and reduced EF groups were 59.0 = 4.6 and
67.2 = 4.0 respectfully. This difference did not reach statistical significance(Table 1).

Number of Surgeries

There was an inverse relationship between ejection fraction and number of surgeries. The
preserved systolic function group had 5.1 £ 0.7 surgeries, while systolic dysfunction group
had 8.7 + 1.2 surgeries. This was significantly different, (p = 0. 03).

Number of Ventilator Days

The number of ventilator days was significantly different based on systolic function, (p = 0.
03). The number of ventilator days in the preserved systolic function group was 5.8 £ 1.5,
whereas, the systolic dysfunction group was 15.1 + 3.3.

Elevated Creatinine

None of the patients with preserved systolic function had evidence of significant renal
dysfunction (defined as creatinine greater than 1.5 mg/dL). In patients with systolic
dysfunction, 38% had a Cr >1.5 mg/dL. There was a trend (p =0.08) for a lower creatinine in
the preserved systolic group versus systolic dysfunction group, 0.86 mg/dL £ 0.06 vs. 1.24
mg/dL £ 0.19, respectively (Figure 1).

Inhalation Injury

The presence of inhalation injury was similar for preserved systolic function and systolic
dysfunction groups 40% and 44%, respectively, had evidence of inhalation injury.

Arrival Time and admission to Shriner’s Hospital Galveston

There was a difference, albeit not statistically significant (p = 0.07), between the two
systolic groups in terms of how many days it took to arrive at our burn center. The arrival
time to our facility was 2 + 0.6 and 5 + 1.5 days for preserved systolic function and systolic
dysfunction group, respectively.

Pharmacologic Cardiovascular Support

Pharmacologic cardiovascular support was recorded if the patient was being administered
the drug at the time of the TEE exam. In this cohort, 14/26 patients were receiving
intravenous pharmacologic cardiovascular support (12 - dobutamine, 1 - dobutamine and
dopamine, and 1 — epinephrine). Surprisingly, the administration of cardiovascular
supportive agents was independent of systolic function. Specifically, 6/10 patients with
preserved systolic function and 8/16 patients in the systolic dysfunction group received
pharmacologic support (Figure 2).
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Length of Stay in the ICU

The systolic dysfunction group had a significantly prolonged ICU stay (p <0.01). In patients
with systolic dysfunction, the length of ICU stay was 62.1 + 7.2 days versus 34.3 + 3.3 days
for patients with preserved ejection fraction. (Figure 3)

Diastolic Function

Diastolic measurements were obtained in 65% of the cohort. Normal diastolic function was
defined as an E/e’ ratio of < 8. In 88% of the studied population, we observed varying
degrees of diastolic dysfunction, as evidenced by an E/e’ ratio > 8. However, there was no
statistically significant difference in clinical outcomes between patients with normal
diastolic parameters and those with diastolic dysfunction.

Discussion

This study looked at a cohort of 26 children in which TEE data on systolic function was
compared to outcome variables during their perioperative ICU stay. To our knowledge this
is the first study to evaluate the clinical sequelae of cardiac dysfunction in burned children
during the perioperative period. The TEE was performed in the operating room, prior to
surgical incision, or in the patient’s ICU room. We found that a significant number of
children with large TBSA burns had reduced systolic function, defined as an ejection
fraction less than or equal to 50%. Further, systolic dysfunction was associated with
approximately a two-fold increase in ICU stay. Additionally, systolic dysfunction, following
burn injury, was associated with increased number of days on ventilation support, creatinine
and number of surgeries. Interestingly, very few patients in this cohort had normal diastolic
parameters, defined as an E/e’ ratio of < 8. However, diastolic dysfunction was not
significantly associated with length of stay or any of the other clinical parameters. This
finding is interesting and difficult to explain. It may be that diastolic dysfunction is a
transient finding.

Mechanisms for cardiac dysfunction following burn injury have been extensively reported.
It has been shown that thermal injury produces myocardial depression. It is known that
circulating inflammatory cytokines (TNF-alpha, IL-beta, 1L-6) 4, macrophage inhibitory
factor 5, and oxygen free radicals 6- are systemically released following burn injury and
contribute to myocardial depression. The specific site or origin of these mediators appears to
be multifocal. Ferrara et al © showed that lymph isolated from the burned hind limb of dogs
had high levels of inflammatory mediators and resulted in poorer regional myocardial blood
flow and contractile performance. Sambol et al 10 showed that the mediators of cardiac
depression are derived from the gut by diverting lymph drainage from the mesentery of
burned animals, which prevented burn-related myocardial contractile depression.
Subsequent studies have also implicated sodium and calcium loading in the cardiac myocyte
as a possible mechanism for the burn induced cardiac dysfunction 11-12,

In addition, it is widely known that sepsis can cause reversible myocardial depression 19-22,
The cardiac manifestations of sepsis can include decreased contractility, impaired
ventricular response to fluid therapy and, on occasion, ventricular dilatation 2°. The
proposed mechanisms behind sepsis induced cardiac dysfunction are multi-factorial and
include the presence of circulating depressant factors, such as cytokines (TNF-alpha, IL-
beta), lysozyme c, endothelin 1, nitric oxide dependent factors and possibly mitochondrial
dysfunction and apoptosis 1922, Studies have also found that in burns, sepsis serves as an
additive factor to the cardiac dysfunction already presents in burns 23-24, We did not exclude
patients with sepsis in our cohort and acknowledge that this disease process may be present.
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Our findings suggest that a large percentage of pediatric burns patients suffer from cardiac
dysfunction. This directly counters the results of others that have previously demonstrated a
lack of myocardial depression following burn injury 16-17. These differences may be
accounted for by the various methodologies used to assess left ventricular performance, or
they may represent differences in the timing chosen to assess cardiac performance. For
example, we used quantifiable 2D image acquisition and volumetric calculation to determine
ejection fraction. Previous investigators had used M-mode echocardiography and fractional
area shortening. These methods are known to overestimate ejection fraction if the views are
foreshortened 2% 17. Furthermore, we did not perform TEE in the first 24 hrs when loading
conditions are rarely optimized and often results in hyperdynamic ventricular motion.

This study also addresses the utility of TEE in burned children. It is well established that
TEE provides detailed information about cardiac structure and function in patients. Again,
our results suggest a high prevalence of cardiac dysfunction in this population. Furthermore,
we have demonstrated that a reduced EF is correlated with poorer clinical outcomes. The
potential drawback that TEE requires sedation is overcome by the fact that burned patients
are commonly undergoing procedures with general anesthesia. The addition of a
perioperative TEE is therefore seamless and provides abundant clinically relevant
information in these medically complex patients. It is our opinion that transesophageal
echocardiography or at least transthoracic echocardiography should be routine practice in
the burn ICU.

It remains to be seen whether the clinical consequences of cardiac dysfunction seen in this
study could be ameliorated by treatment. This will require future investigation.

Limitations

Although we report a compelling association between systolic function and length of ICU
stay, this study has several limitations. The cardiac depression described in our study may
not be solely due to burn-induced myocardial dysfunction. TEE exams were not performed
at a specified point during the ICU stay. Rather, these exams were performed to evaluate a
clinical question e.g., unexplained hypotension or perfusion, pulmonary edema or suspicion
of endocarditis. This resulted in the examinations being completed at variable times in a
critically ill patients’ acute course. Cardiac dysfunction is known to occur in sepsis but the
clinical definition of sepsis following burn injury is controversial and difficult to define. We
acknowledge that cardiac dysfunction may be multifactorial in etiology with the common
factor of burn-induced myocardial dysfunction and varying contributions of sepsis-induced
dysfunction or other drivers of cardiac depression. The quality of acute fluid resuscitation in
patients with large burn injury could also contribute to cardiac performance at time of the
TEE. Many of the patients in this study were transferred to our facility from an outside
hospital and the exact parameters of their fluid resuscitation are unknown. There was a
difference in the time until arrival between the two groups, with the depressed systolic
function group being longer. This difference, however, was not significantly different.
Delays in resuscitation could in part account for reduced systolic function. It should also be
noted that although there were similar numbers of vasoactive drug used in each systolic
groups, we couldn’t distinguish the extent of or the varying degrees of resuscitation efforts.
Lactate and base excess values were not obtained and are a limitation. Unfortunately
ventricular wall thickness was not measured in this cohort. In general, ventricular wall
thickness is lower in children than adults.26 We cannot exclude that preexisting or acquired
abnormalities of the myocardium could have been contributory to cardiac dysfunction.

The children who received echocardiography during their stay in the burn ICU were those
who had clinical indications for the exam. It should be noted that within this sample there is
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a possibility for bias due to children who met the clinical criteria for requiring
echocardiography but did not receive the exam.

There was a significant difference in the number of surgeries and ventilator days for the
impaired vs. preserved systolic function group. The number surgeries could be a
confounding variable for number of ventilator days. The increase in the number of surgeries
in the systolic dysfunction group could also be confounded by other ICU variables. Our data
did not extract the detail for the rationale for surgeries. Thus, we cannot ascertain if the
surgeries were due to graft loss from hypoperfusion, infection or other variables. The data
obtained was not blinded and could have influenced decisions made in the care of these
children especially in the perioperative period. Unfortunately we cannot say to what extent
the information influenced the care. Future studies will incorporate these measurements in
order to stratify patients based on cardiac function. Specifically, we hope to determine if
optimizing cardiac function can improve outcomes and decrease resource utilization.

While our study does show differences in kidney function between the two systolic groups,
it is not known if patients in either group developed acute kidney injury. The creatinine
measurements are only a snapshot in time and thus a limitation.

The insertion of the TEE probe requires sedation or general anesthesia. Most of our exams
were performed following induction of anesthesia but prior to surgical incision. It is
recognized that some general anesthetic agents depress myocardial contractility and that
general anesthesia could be a confounding variable or a contributing factor for these
observations. The same anesthetic regimen (admixure of ketamine-propofol ) was used for
all TEE exams. Ketamine, which is the standard of care anesthetic at our institution for
perioperative burn surgery, preserves or even increases cardiac function compared to other
general anesthetic agents. However, in patients with decompensated heart failure or
catecholamine depleted states, myocardial depression after ketamine administration has been
reported A relatively low dose of ketamine and propofol was used to facilitate the TEE
exam. Larger doses of these agents were used for surgery (after TEE exam). Our clinical
observations did not suggest significant cardiovascular effects after GETA or during the
TEE exam. Specifically, blood pressure, heart rate and cardiac output (in patients with a
continuous cardiac output device) remained unchanged. To some extent, the prevalence of
cardiac dysfunction is likely to have been underestimated in our cohort due to the high
number of patients on inotropic support. Table 1 shows that over 50% of the patients in this
cohort were receiving pharmacologic cardiovascular support. One would anticipate that
these agents should inflate the true ejection fraction as well improve diastolic parameters.
Finally, We did not capture data on the time course of systolic function. Data presented in
this cohort was based on a single TEE performed during the patient’s acute stay in the burn
ICU. A future focus will utilize serial echocardiograms to better delineate the onset and
persistence of cardiac dysfunction in perioperative burn patients. Future studies using serial
echocardiograms, biomarkers, and stratification and therapeutic strategies are needed to
address this. It is our hope that this study will spur future clinical investigation regarding
cardiac dysfunction in perioperative burns patients.
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Systolic vs. Renal Function
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Figure 1.

Creatinine versus systolic function in children with =35% total burn surface area. Just over
one third of patients with systolic dysfunction (EF <50%, n=16) showed elevated creatinine
levels compared to none in the preserved function group (EF >50%, n=10).
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Figure 2.

Systolic function and pressor support during echocardiography of children with =35% total
burn surface area. Use of cardiovascular supportive agents was independent of systolic
function for both preserved (EF >50%) and dysfunctional (EF <50%) systolic function
groups.
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ICU Stay vs. Systolic Function
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Figure 3.

Intensive care unit length of stay (LOS) according to systolic function. LOS was
significantly greater for the depressed systolic function group (p <0.05) compared to the
preserved group.
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Ejection Fraction (EF%) — preserved systolic function (EF%>50%) versus systolic dysfunction (EF%< 50%)

and outcome variables

EF <50% EF <50%
AGEys 10.0+1.3 9.6+1.2
TBSAy, 59.0+4.6 67.2+4.0
ICU LOSgays 34333 | 6214727
Surgerynumber of 5.1+0.7 87+1.2"
Mechanical Ventilationgys | 5.8+1.5 15+3.3%
Serum Creatiningpga 0.86+0.06 1.2440.19
Pharmacologic Supports, 6/10 (60%) | 8/16 (50%)
Inhalation Injurys, 4/10 (40%) | 7/16 (44%)

Data are expressed as mean + SEM. Systolic Function versus age, total burn surface area (%TBSA), length of stay (LOS) in ICU, number of

surgeries, ventilation days, renal function (serum creatinine), pharmacologic cardiovascular support and inhalation injury.

*

(p <0.05)
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