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ABSTRACT

Background The use of extracorporeal membrane
oxygenation (ECMO) as salvage therapy for patients with
severe acute respiratory distress syndrome is gaining
greater acceptance among trauma intensivists. The
objective of this study was to review ECMO usage in
trauma patients in the USA.

Methods The National Inpatient Sample (NIS) from
years 2002 to 2012 was queried for patients aged 15
and older treated with ECMO who had one or more
acute traumatic injuries as defined by the International
Diagnostic Codes, Ninth Edition (ICD-9). The primary
outcomes of interest were incidence of ECMO and overall
inpatient mortality.

Results A total of 1347 patients were identified in

the NIS database who had both ECMO performed and
ICD-9 codes consistent with trauma. Patients were
predominantly aged 15 to 29 years (31.4%) and were
male (65.5%). The incidence of ECMO for patients after
traumatic injuries has increased 66-fold during the
10-year period. In-hospital mortality was 48.0% overall,
with a decreasing trend during the study period that
approached statistical significance (p=0.06).
Discussion Although ECMO use in patients in the
post-trauma setting remains controversial, there is an
increasing trend to use ECMO nationwide, suggesting
an increasing acceptance and/or increased availability at
trauma centers. Given the decrease in mortality during
the study period, ECMO as a salvage method in trauma
patients remains a potentially viable option. Evaluation in
a prospective manner may clarify risks and benefits.
Level of evidence Level IV, epidemiological.

INTRODUCTION

Trauma is the leading cause of mortality among
patients under 46 years old and the leading cause
of years of life lost within the USA.! Acute respira-
tory distress syndrome (ARDS) remains a common
complication among trauma patients, diagnosed in
6.5% of patients requiring mechanical ventilation
greater than 48 hours.> Extracorporeal membrane
oxygenation (ECMO) has been used extensively
in pediatric and pulmonary transplant patients
who require additional cardiopulmonary support
when standard means of ventilation are ineffec-
tive.> Despite advances in ventilatory techniques
and critical care, mortality remains significant.
As a result, ECMO has received consideration as
potential salvage therapy in the setting of refrac-
tory hypoxia during severe ARDS among trauma

patients. Multiple case reports and small single-in-
stitution case series have been published to support
the use of ECMO as a bridge for these patients
as they recover from their underlying lung injury
with reported improved mortality.*"? However,
to date, national estimates of the use of ECMO in
trauma patients and their outcomes have not been
published. The purpose of this study was to eval-
uate ECMO use and associated outcomes in trauma
patients using nationally representative data.

PATIENTS AND METHODS

Data source

The National Inpatient Sample (NIS) is a database
maintained as part of the Healthcare Utilization
Project of the Agency for Healthcare Quality and
Research. The NIS is the nation’s largest all-payer
inpatient care database and contains data on
approximately more than seven million hospital
stays each year. Weighted, it estimates more than
36 million hospitalizations nationally.'* The NIS
contains information on patient demographics,
hospital characteristics, International Diagnostic
Codes, Ninth Edition (ICD-9) codes diagnostic and
procedure codes, and lengths of inpatient hospital
stays following coded procedures.

Study population

The study is a retrospective analysis of the NIS data-
base from years 2002 to 2012. The NIS database
was queried for all patients aged 15 and older with
at least one ICD-9 diagnosis code for injury (ie,
800 through 958) and an ICD-9 procedure code
for ECMO (ie, 39.65). The database was further
queried to determine which patients managed with
ECMO were diagnosed with multiple rib fractures,
hemorrhagic shock, or traumatic brain injury.

Variables and definitions

The primary outcomes of interest were incidence of
ECMO and overall inpatient mortality in patients
receiving ECMO.

RESULTS

Between 2002 and 2012 an estimated 1347 patients
older than 15 years of age with traumatic injuries
were treated with ECMO (table 1).

The frequency of ECMO for injured patients
increased from 4 in 2002 to 330 in 2012, with the
sharpest rise in usage during the last 5 years of the
study (figure 1). The average hospital length of stay
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Table 1 Demographics of NIS sample of trauma patients treated
with ECMO
Total (N=1347) (%)

Age category

15-29 423 (31.4)

30-39 152 (11.3)

40-49 207 (15.4)

50-59 272 (20.2)

60+ 293 (21.7)
Sex

Male 882 (65.5)

Female 465 (34.5)
Race/Ethnicity

White 760 (56.4)

Black 152 (11.3)

Hispanic 121 (9.0)

Other 101 (7.5)

Unknown 213 (15.8)
Admitted to teaching affiliated hospital 1292 (95.9)
Median hospital length of stay (days) 26
Median days prior to initiation of ECMO 3
Mortality 647 (48.0)

ECMO, extracorporeal membrane oxygenation; NIS, National Inpatient Sample.

was 31.1 (SD 67.7) days. The average number of hospital days
prior to initiation of ECMO was 6.2 (SD 19.8) days. The majority
of patients were male (65.5%). ECMO was most frequently used
in the 15 to 29 years age group (31.4%), with the 60+ and 50 to
59 years age groups having the second and third highest percent-
ages, respectively (figure 2).

Patients requiring ECMO were more likely to have suffered
multiple rib fractures, with 12.8% of patients with this injury
compared with only 4.0% with hemorrhagic shock and 4.8%
with traumatic brain injury (TBI).

The overall mortality rate for all ages during the study period
was 48.0%. Mortality rates fluctuated but decreased overall
during the study period (figure 3). Mortality was noted to be
highest in the patient group older than 40 years of age; the 40
to 49 years age group, 50 to 59 years age group, and 60+ years
age group all demonstrated a mortality rate of greater than 50%.
Mortality was lowest in the 30 to 39 years age group at 35%.
No data are available regarding neurologic outcome or ability to
complete activities of daily living.
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Figure 1  Frequency of extracorporeal membrane oxygenation use in
trauma patients per year.
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Figure 2  Extracorporeal membrane oxygenation for trauma age
distribution (2002-2012).

On multivariate regression modeling, only the presence of
hemorrhagic shock at admission was significantly associated
with mortality in patients requiring ECMO (table 2).

DISCUSSION

The use of ECMO in trauma patients was first seen in 1972,
when Hill et al'> published a single case study reporting the
first successful application of ECMO within the trauma popu-
lation. Subsequently in 1979, Zapol et al'® published the first
National Institutes of Health-sponsored randomized controlled
study on the use of ECMO in adults. In their study, the addi-
tion of ECMO to patients on high-pressure ventilation did not
statistically improve 30-day survival. However, this study has
several limitations preventing its application to trauma patients
today. Namely, the study population consisted almost entirely of
medical patients, with treatment limited to venoarterial ECMO.
Additionally, ventilatory support consisted only of high-pressure
and high fractional inspired oxygen support, rather than modern
lung protective strategies.

Although initial support for the use of ECMO in adults
waned, enthusiasm has again grown after publication of
studies such as the conventional ventilatory support vs extra-
corporeal membrane oxygenation for severe adult respiratory
failure (CESAR) trial in 2009. This randomized controlled trial
demonstrated decreased severe disability or death at 6 months
among patients with respiratory failure receiving ECMO rather
than conventional ventilator support alone.'” Incorporation of
modern ventilator management and critical care techniques in
collaboration with ECMO in this study and others suggests that
ECMO has a role as a rescue therapy in the management of
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Figure 3  Extracorporeal membrane oxygenation mortality percentage
per year.
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Table 2 Multivariate regression model of factors associated with
mortality in trauma patients managed with extracorporeal membrane
oxygenation

95% Cl
Variable OR Lower limit Upper limit
Age 1.01 0.999 1.027
Gender 0.65 0.382 1.089
Traumatic brain injury 0.97 0.365 2.581
Multiple rib fractures 1.00 0.469 2.110
Hemorrhagic shock 3.82 1.132 12.893

refractory ARDS.!® ¥ Definitive evidence for support of ECMO
use in severe ARDS remains inconclusive. The recently published
ECMO to Rescue Lung Injury in Severe ARDS (EOLIA) trial
compared patients managed with ECMO with standard care to
determine if ECMO improved 60-day mortality in patients with
severe ARDS.? Although patients managed with ECMO showed
a lower rate of mortality, the results did not achieve significance.

Similar to other national trends, we demonstrated in our
study that ECMO use is increasing in popularity among trauma
patients. Our study is in line with the recent findings of ECMO
use in trauma patients from the Extracorporeal Life Support
Organization database described by Swol et al.?' Sixty-two
percent of patients receiving ECMO did so from 2011 to 2016
compared with 48% from 1989 to 2010. The continued increase
in popularity for ECMO should not be surprising. Initial support
for application of ECMO to the trauma population followed
several case reports and small case series that supported ECMO
use as a bridge for trauma patients as they recovered from their
underlying lung injury.*'3 With the increasing cumulative body
of evidence, ECMO use in trauma has reflected similar national
trends seen in all adult patients.?? This is best demonstrated in
the article of all adult patients managed with ECMO measured
in the NIS by McCarthy et al,? in which annual ECMO use is
displayed in a figure that closely mirrors our figure 1]. These
trends are expected to continue as the EOLIA trial is now the
first randomized control trial using ECMO in the treatment of
ARDS to allow inclusion of trauma patients, although within an
overall mixed population.?

The current study suggests that the use of ECMO to salvage
traumatically injured patients has seen a dramatic increase in the
USA, most significantly during the past 5 years. Corresponding
improvements in mortality can be seen since 2002, approaching
statistical significance. Although this study is incapable of deter-
mining the cause for the decrease in mortality, it may be due
in part to a combination of increased experience with ECMO
utilization, refined technology and patient management proto-
cols, improved patient selection, and earlier use of ECMO as a
rescue therapy. Among trauma patients with severe ARDS, we
recently demonstrated that the early application of ECMO after
the development of refractory hypoxia resulted in significantly
decreased mortality compared with historical controls (13.3%
vs. 64%; p=0.01), despite similar demographics, and Murray
Lung Injury, sequential organ failure assessment, Injury Severity
Score, and Acute Physiology and Chronic Health Evaluation-II
scores.?* Timing from initiation of severe ARDS to intervention
with ECMO therapy occurred on an average of 1.9 days.

Historically, although not absolute, conditions considered
high risk of potential complication with systemic anticoagulation
(ie, TBI and hemorrhagic shock) have been considered relative
contraindications for ECMO.? Given the high incidence of these

injuries among the severely injury, concern may have limited the
initial use of ECMO. Recent study though may have contrib-
uted to a greater willingness to use the technology. Heparin-free
veno-venous ECMO was demonstrated in a case report in 2012
in trauma patients with severe TBI unable to undergo therapeutic
anticoagulation without thromboembolic or circuit complica-
tion.? Similarly, in trauma patients with refractory hypoxemia
with concomitant hemorrhagic shock undergoing active massive
transfusion, Arlt et al'® reported 10 patients managed with hepa-
rin-free ECMO without any report of thromboembolic or circuit
clotting. The mean ECMO duration was 5 days with a reported
60% mortality. At our institution, patients are routinely managed
without anticoagulation for up to 72 hours. In our recently
published study, trauma patients with both TBI and solid organ
injury were placed on ECMO with intravenous heparin guided
by thromboelastogram to a reactant time twice the baseline.
Although we did experience a number of hemorrhagic compli-
cations even at this lower level of anticoagulation (40%), most
were minor and none contributed to patient mortality. Compli-
cations included epistaxis, gastrointestinal bleeding, puncture
site/incisional bleeding, and expanding hematoma.**

This study has some limitations. The strength of the anal-
ysis is limited by the retrospective design. Additionally, use of
the administrative data from the NIS creates multiple limita-
tions inherent to the database itself. Although the data provide
evidence of a trend of decreased mortality and increased ECMO
utilization, these do not offer any insight into the mechanism
behind these trends. Annual differences in hospital inclusion
result in inconsistency of the overall data source, creating the
possibility of missing data. Finally, the database lacks detailed
clinical data and ICD-9 codes only are available for analysis,
precluding differentiation between veno-venous and venoarte-
rial ECMO. Therefore, as a result of these factors, insight into
the potential underlying reason for treatment and recognition as
to which trauma patients may benefit is limited.

Although the use of ECMO in trauma patients with severe
ARDS remains controversial, increasing utilization of ECMO
nationwide suggests an increasing acceptance and/or increased
availability at trauma centers. Corresponding decreasing
mortality rates during the study period seem to validate the
use of ECMO as a salvage method in trauma patients. Further
prospective research is needed to define ideal patient selection
and treatment algorithms, and identify strategies to optimize
patient outcomes.

Contributors PB, PJH, and GM were responsible for study design. GM was
responsible for statistical analysis. All authors participated in the critical analysis of
the data and manuscript production and review.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Rhee P, Joseph B, Pandit V, Aziz H, Vercruysse G, Kulvatunyou N, Friese RS. Increasing
trauma deaths in the United States. Ann Surg 2014;260:13-21.

2. Recinos G, DuBose JJ, Teixeira PG, Barmparas G, Inaba K, Plurad D, Green DJ,
Demetriades D, Belzberg H. ACS trauma centre designation and outcomes of post-

Hu PJ, et al. Trauma Surg Acute Care Open 2019;4:¢000209. doi:10.1136/tsaco-2018-000209 3


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1097/SLA.0000000000000600

traumatic ARDS: NTDB analysis and implications for trauma quality improvement.
Injury 2009;40:856-9.

(shock-lung syndrome). Use of the Bramson membrane lung. N Engl J Med
1972,286:629-34.

3. ECMO. Extracorporeal cardiopulmonary support in critical care. 4th edn. Ann Arbor, 16. Zapol WM, Snider MT, Hill ID, Fallat RJ, Bartlett RH, Edmunds LH, Morris AH, Peirce EC,
MI: Extracorporeal Life Support Organization, 2012. Thomas AN, Proctor HJ, et al. Extracorporeal membrane oxygenation in severe acute

4. Michaels AJ, Schriener RJ, Kolla S, Awad SS, Rich PB, Reickert C, Younger J, Hirschl RB, respiratory failure. A randomized prospective study. JAMA 1979;242:2193-6.

Bartlett RH. Extracorporeal life support in pulmonary failure after trauma. J Trauma 17. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM, Hibbert CL,
1999;46:638-45. Truesdale A, Clemens F, Cooper N, et a/. Efficacy and economic assessment of

5. Cordell-Smith JA, Roberts N, Peek GJ, Firmin RK. Traumatic lung injury treated by conventional ventilatory support versus extracorporeal membrane oxygenation for
extracorporeal membrane oxygenation (ECMO). /njury 2006;37:29-32. severe adult respiratory failure (CESAR): a multicentre randomised controlled trial.

6. Biderman P, Einav S, Fainblut M, Stein M, Singer P, Medalion B. Extracorporeal life Lancet 2009;374:1351-63.
support in patients with multiple injuries and severe respiratory failure: a single-center 18. Hemmila MR, Rowe SA, Boules TN, Miskulin J, McGillicuddy JW, Schuerer D), Haft
experience? J Trauma Acute Care Surg 2013;75:907-12. JW, Swaniker F, Arbabi S, Hirschl RB, et al. Extracorporeal life support for severe acute

7. Ried M, Bein T, Philipp A, Miiller T, Graf B, Schmid C, Zonies D, Diez C, Hofmann HS. respiratory distress syndrome in adults. Ann Surg 2004;240:193-205. discussion 605-
Extracorporeal lung support in trauma patients with severe chest injury and acute 597.
lung failure: a 10-year institutional experience. Crit Care 2013;17:R110. 19. Noah MA, Peek GJ, Finney SJ, Griffiths MJ, Harrison DA, Grieve R, Sadique MZ, Sekhon

8. Wu SC, Chen WT, Lin HH, Fu CY, Wang YC, Lo HC, Cheng HT, Tzeng CW, SCW, CY F, 1S, McAuley DF, Firmin RK, et al. Referral to an extracorporeal membrane oxygenation
HC L. Use of extracorporeal membrane oxygenation in severe traumatic lung injury center and mortality among patients with severe 2009 influenza A(H1N1). JAMA
with respiratory failure. Am J Emerg Med 2015;33:658-62. 2011;306:1659-68.

9. Guirand DM, Okoye OT, Schmidt BS, Mansfield NJ, Aden JK, Martin RS, Cestero 20. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, Da Silva D,

RF, Hines MH, Pranikoff T, Inaba K, et al. Venovenous extracorporeal life support Zafrani L, Tirot P, Veber B, et al. Extracorporeal membrane oxygenation for severe
improves survival in adult trauma patients with acute hypoxemic respiratory failure: a acute respiratory distress syndrome. N Engl J Med 2018;378:1965-75.
multicenter retrospective cohort study. J Trauma Acute Care Surg 2014;76:1275-81. 21. Swol J, Brodie D, Napolitano L, Park PK, Thiagarajan R, Barbaro RP, Lorusso

10. Arlt M, Philipp A, Voelkel S, Rupprecht L, Mueller T, Hilker M, Graf BM, Schmid C. R, McMullan D, Cavarocchi N, Hssain AA, et al. Indications and outcomes
Extracorporeal membrane oxygenation in severe trauma patients with bleeding shock. of extracorporeal life support in trauma patients. J Trauma Acute Care Surg
Resuscitation 2010;81:804-9. 2018;84:831-7.

11. Yuan KC, Fang JF, Chen MF. Treatment of endobronchial hemorrhage after blunt 22. Gerke AK, Tang F, Cavanaugh JE, Doerschug KC, Polgreen PM. Increased trend in
chest trauma with extracorporeal membrane oxygenation (ECMO). J Trauma extracorporeal membrane oxygenation use by adults in the United States since 2007.
2008;65:1151-4. BMC Res Notes 2015;8:686.

12. Chughtai T, Hazan C, Tahta S, Shum-Tim D, Fleiszer D, Evans D, Brown R, Mulder D. 23. McCarthy FH, McDermott KM, Kini V, Gutsche JT, Wald JW, Xie D, Szeto WY,
Successful use of extracorporeal life support in two cases of posttraumatic adult Bermudez CA, Atluri P, Acker MA, et al. Trends in U.S. extracorporeal membrane
respiratory distress syndrome. J Trauma 2001;50:1137-9. oxygenation use and outcomes: 2002-2012. Semin Thorac Cardiovasc Surg

13. Huang L, Li T, Xu L, Hu XM, Duan DW, Li ZB, Gao XJ, Li J, Wu P, Liu YW, et al. 2015;27:81-8.

Performance of multiple risk assessment tools to predict mortality for adult 24. Bosarge PL, Raff LA, McGwin G, Carroll SL, Bellot SC, Diaz-Guzman E, Kerby JD. Early
respiratory distress syndrome with extracorporeal membrane oxygenation therapy: initiation of extracorporeal membrane oxygenation improves survival in adult trauma
an external validation study based on Chinese single-center data. Chin Med J patients with severe adult respiratory distress syndrome. J Trauma Acute Care Surg
2016;129:1688-95. 2016;81:236-43.

14. HCUP National Inpatient Sample (NIS). Healthcare cost and utilization Project (HCUP). 25. Muellenbach RM, Kredel M, Kunze E, Kranke P, Kuestermann J, Brack A, Gorski A,
Rockville: Quality AfHRa, 2016. Wunder C, Roewer N, Wurmb T. Prolonged heparin-free extracorporeal membrane

15. Hill JD, O'Brien TG, Murray JJ, Dontigny L, Bramson ML, Osborn JJ, Gerbode F. oxygenation in multiple injured acute respiratory distress syndrome patients with
Prolonged extracorporeal oxygenation for acute post-traumatic respiratory failure traumatic brain injury. J Trauma Acute Care Surg 2012;72:1444-7.

4 Hu PJ, et al. Trauma Surg Acute Care Open 2019;4:¢000209. doi:10.1136/tsaco-2018-000209


http://dx.doi.org/10.1016/j.injury.2008.11.001
http://dx.doi.org/10.1097/00005373-199904000-00013
http://dx.doi.org/10.1016/j.injury.2005.03.027
http://dx.doi.org/10.1097/TA.0b013e3182a8334f
http://dx.doi.org/10.1186/cc12782
http://dx.doi.org/10.1016/j.ajem.2015.02.007
http://dx.doi.org/10.1097/TA.0000000000000213
http://dx.doi.org/10.1016/j.resuscitation.2010.02.020
http://dx.doi.org/10.1097/01.ta.0000235492.09223.83
http://dx.doi.org/10.1097/00005373-200106000-00025
http://dx.doi.org/10.4103/0366-6999.185871
http://dx.doi.org/10.1056/NEJM197203232861204
http://www.ncbi.nlm.nih.gov/pubmed/490805
http://dx.doi.org/10.1016/S0140-6736(09)61069-2
http://dx.doi.org/10.1097/01.sla.0000141159.90676.2d
http://dx.doi.org/10.1001/jama.2011.1471
http://dx.doi.org/10.1056/NEJMoa1800385
http://dx.doi.org/10.1097/TA.0000000000001895
http://dx.doi.org/10.1186/s13104-015-1678-7
http://dx.doi.org/10.1053/j.semtcvs.2015.07.005
http://dx.doi.org/10.1097/TA.0000000000001068
http://dx.doi.org/10.1097/TA.0b013e31824d68e3

	National estimates of the use and outcomes of extracorporeal membrane oxygenation after acute trauma
	Abstract
	Introduction
	Patients and methods
	Data source
	Study population
	Variables and definitions

	Results
	Discussion
	References


