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Abstract

Introduction Central sarcopenia as a surrogate for frailty

has recently been studied as a predictor of outcome in

elderly medical patients, but less is known about how this

metric relates to outcomes after trauma. We hypothesized

that psoas:lumbar vertebral index (PLVI), a measure of

central sarcopenia, is associated with increased morbidity

and mortality in elderly trauma patients.

Methods A query of our institutional trauma registry from

2005 to 2010 was performed. Data was collected pro-

spectively for the Pennsylvania Trauma Outcomes Study

(PTOS). Inclusion criteria: age [55 years, ISS [15, and

ICU LOS [48 h. Using admission CT scans, psoas:verte-

bral index was computed as the ratio between the mean

cross-sectional areas of the psoas muscles and the L4

vertebral body at the level of the L4 pedicles. The 50th

percentile of the psoas:L4 vertebral index value was

determined, and patients were grouped into high ([0.84)

and low (B0.83) categories based on their relation to the

cohort median. Primary endpoints were mortality and

morbidity (as a combined endpoint for PTOS-defined

complications). Univariate logistic regression was used to

test the association between patient factors and mortality.

Factors found to be associated with mortality at p \ 0.1

were entered into a multivariable model.

Results A total of 180 patients met the study criteria.

Median age was 74 years (IQR 63–82), median ISS was 24

(IQR 18–29). Patients were 58 % male and 66 % Cauca-

sian. Mean PLVI was 0.86 (SD 0.25) and was higher in

male patients than female patients (0.91 ± 0.26 vs.

0.77 ± 0.21, p \ 0.001). PLVI was not associated with

mortality in univariate or multivariable modeling. After

controlling for comorbidities, ISS, and admission SBP, low

PLVI was found to be strongly associated with morbidity

(OR 4.91, 95 % CI 2.28–10.60).

Conclusions Psoas:lumbar vertebral index is indepen-

dently and negatively associated with posttraumatic mor-

bidity but not mortality in elderly, severely injured trauma

patients. PLVI can be calculated quickly and easily and may

help identify patients at increased risk of complications.
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Introduction

Due to population aging, the number of elderly patients

presenting to trauma centers will continue to increase.

Advanced age is a known risk factor for morbidity and
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mortality after traumatic injury [1, 2] but it is clear that

other factors such as medical comorbidities also contribute

strongly to outcomes [3, 4]. Recently, attention has been

focused on the concept of frailty as a driver of outcomes

across a wide range of disease states in the elderly,

including chronic kidney disease, malignancy, and aortic

valve disease [5–7]. The original description of frailty

includes difficulty with activities of daily living, reduced

speed of ambulation, subjective feelings of exhaustion,

unintentional weight loss, and weakness as measured by

grip strength [8]. The association of frailty with outcomes

after trauma is not well characterized, perhaps in part

because frailty evaluation using conventional metrics in the

trauma population is not practicable. Trauma is by its

nature unpredictable, and for this reason most injured

patients will present without baseline measurements of

frailty. Attempts to measure frailty after injury using con-

ventional metrics may be limited by altered mental status

or inability to participate in physical activity. An attractive

solution to this problem is to measure a surrogate for frailty

that does not rely upon active patient participation, such as

radiographically determined central sarcopenia [9]. Central

sarcopenia, as measured by psoas cross-sectional area, has

been associated with poor outcomes after liver transplan-

tation [10] and open repair of ruptured aortic aneurysms

[11], but the impact of central sarcopenia has not yet been

well characterized in the elderly trauma population.

We sought to evaluate whether central sarcopenia, as

measured by psoas cross-sectional area on admission imag-

ing, is associated with outcomes in elderly trauma patients.

We hypothesized that lower psoas cross-sectional area

would be associated with increased morbidity and mortality

in a cohort of elderly, severely injured trauma patients.

Materials and methods

After obtaining institutional review board approval, a query

of our institutional trauma registry across a 5-year time

period (2005–2010) was performed. Data for our trauma

registry are collected prospectively and reported to the

Pennsylvania Trauma Outcomes Study (PTOS) database by

trained nurse abstractors. Study inclusion criteria were

age C55 years, severe injury (Injury Severity Score

(ISS)[15), and ICU length of stay[48 h. Patients were

excluded if they suffered a critical head injury (defined as a

Head/Neck Abbreviated Injury Scale (AIS) score C5), did

not receive admission cross-sectional imaging of the abdo-

men, had fractures or preexisting hardware of the 4th lumbar

vertebral body, or had a retroperitoneal hematoma that dis-

torted the cross-sectional area of the psoas at the level of the

L4 vertebral body. Patient demographics (age, sex, and race),

physiologic variables on presentation, mechanism of injury,

Injury Severity Score, hospital length of stay (HLOS), ICU

length of stay (ILOS), ventilator days, and comorbidities

were abstracted from the institutional registry. Morbidity was

measured by PTOS-defined occurrences (see ‘‘Appendix 1’’).

Patients meeting all inclusion criteria with no exclusion cri-

teria were then uploaded into a RED Cap database [12].

Computed tomography (CT) studies of the abdomen were

obtained from the medical record and evaluated for each

patient by one of three trained reviewers (DG, LE, DH). Prior

to abstracting the study CTs, a sample of studies were

independently abstracted by the three reviewers and results

were compared in order to assess for inter-rater reliability.

For each study, the right and left psoas muscle cross-sectional

areas (PCSA) were measured at the level of the L4 vertebral

body immediately inferior to the origin of the posterior ele-

ments. To normalize for body habitus, the cross-sectional

area of the L4 vertebral body was also recorded at this level

(Fig. 1). Mean PSCA was calculated for each patient, and the

ratio between mean PSCA and L4 vertebral body area was

calculated using the following formula:

Psoas:L4 vertebral index = ([right PCSA (mm2Þ
+ left PCSA mm2

� �
� / 2)/ L4 vertebral CSA mm2

� �
:

The 50th percentile of psoas:L4 vertebral index (PLVI)

value was determined and patients were grouped into high

([0.84) and low (B0.83) categories based on their relation to

the cohort median. Univariate analyses of patient demographic

variables, admission vital signs, comorbidities, and outcome

measures between the two groups were performed.

Primary outcomes

The primary outcomes of interest of the study were in-

hospital mortality and morbidity. Morbidity was defined as

Fig. 1 Psoas:lumbar vertebral index was calculated as the ratio

between the mean psoas cross-sectional area and the vertebral cross-

sectional area at the level of the L4 vertebral body just inferior to the

insertion of the posterior elements
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a composite endpoint of any of 37 PTOS-defined compli-

cations (see ‘‘Appendix 1’’) and as subgroups of respiratory

complications (acute respiratory distress syndrome, acute

respiratory failure, aspiration/aspiration pneumonia, ate-

lectasis, or pneumonia), infectious complications (sepsis,

septicemia, acute sinusitis, soft tissue infection, urinary

tract infection, pneumonia, wound infection, central ner-

vous system infection, or empyema), organ failure (acute

respiratory distress syndrome, coagulopathy, acute renal

failure, or liver failure), thromboembolic complications

(pulmonary embolism or deep venous thrombosis), and

hemorrhagic complications (coagulopathy or postoperative

hemorrhage).

Secondary outcomes of interest were hospital length of

stay (HLOS), ICU length of stay, and total ventilator days,

which were examined between groups. In addition, the

PLVI category was examined via mechanism of injury.

Statistical analyses

The associations of baseline characteristics with morbidity

and with hospital mortality were tested using t test for con-

tinuous normally distributed variables and Mann–Whitney

or Kruskal–Wallis for continuous non-normally distributed

variables. Categorical variables were compared using v2 or

Fischer’s exact tests, as appropriate. Univariate logistic

regression was used to assess the association between inde-

pendent variables and the primary outcomes of interest.

Multivariable logistic regression models were developed

to adjust the association of PLVI with morbidity and

mortality for potential confounders. Variables found to be

associated with the outcome of interest in univariate

analysis with a p value of \0.10 were included in the

multivariate logistic models. All statistical analyses were

performed using SPSS version 19.0 (IBM, Chicago IL).

Secondary outcomes of interest were hospital length of

stay (HLOS), ICU length of stay, and total ventilator days.

In addition, mechanism injury by PLVI category was

examined.

Results

At total of 234 patients met the inclusion criteria, of whom

54 were excluded (Fig. 2), leaving 180 patients for analy-

sis. Median age in the cohort was 74 years (IQR 63–82),

and median ISS was 24 (IQR 18–29). Patients were 58 %

male and 66 % Caucasian.

There was no correlation between L4 vertebral body

CSA and age, but psoas CSA did have a weak negative

relationship with age (R2 = 0.15). The correlation between

right and left psoas CSA was high but not complete

(R2 = 0.75), so mean psoas CSA was used to calculate the

PLVI. PLVI values were found to be normally distributed

within the study population, with a mean value of

0.85 ± 0.25. PLVI values were higher in male patients

than in female patients (0.91 ± 0.26 vs. 0.77 ± 0.21,

p \ 0.001). Lumbar–psoas vertebral index rating reliability

was found to be good between raters, with a maximum

deviation of 23 %, which resulted in no misclassifications

based on groups. Compared to patients in the high-PLVI

group, patients in the low-PLVI group were older (median

age 79 (IQR 72–85) vs. 70 (IQR 60–77), p \ 00.1), less

likely to be male (43 vs. 71 %, p \ 0.001), and less likely

to be Caucasian (63 vs. 69 %, p = 0.04). No significant

differences were seen between the two groups in terms of

number of baseline comorbidities, mechanism of injury,

ISS, or admission vitals (Table 1). In unadjusted analysis,

patients in the low-PLVI group had higher morbidity (83

vs. 58 %, p \ 0.001), but no difference was seen in mor-

tality (16 vs. 10 %, p = 0.26) or any of the secondary

endpoints of hospital length of stay, ICU length of stay, or

ventilator days.

In univariate analysis (Table 2), PLVI category was not

significantly associated with mortality. Only age in years

(OR 1.05, 95 % CI 1.01–1.10), comorbidities (OR 1.30,

95 % CI 1.01–1.60), and AIS head (OR 1.44, 95 % CI

1.02–2.02) were found to be associated with mortality. In

contrast, low PLVI was strongly associated with develop-

ment of morbidity (OR 3.66, 95 % CI 1.83–7.32), as was

ISS (OR 1.05, 95 % CI 1.01–1.10).

Multivariable logistic regression analysis (Table 3) did

not demonstrate an association between PLVI and mor-

tality, but even after controlling for baseline comorbidities,

ISS, and admission SBP, low PLVI was found to be

strongly associated with morbidity (OR 4.91, 95 % CI

2.28–10.60).

In the unadjusted analysis of morbidity subcategories of

complications (Table 4), we found that infectious

Fig. 2 Study inclusion criteria. PTOS Pennsylvania Trauma Out-

comes Study, CTAP computed tomography of the abdomen/pelvis

Psoas:lumbar vertebra index 59

123



complications were statistically more likely to occur in the

low PLVI group (60 vs. 39 %, p = 0.03). Mechanism of

injury also differed between the two groups (Table 5), with

patients in the low PLVI category more likely to have

sustained a fall (59 vs. 43 %, p \ 0.05) and less likely to

have sustained an MVC (20 vs. 33 %, p \ 0.05).

Discussion

With an increasing elderly population living with greater

numbers of chronic medical conditions and decreased

physiologic reserve, the concept of frailty is emerging as a

significant syndrome in the elderly patient population.

Frailty further diminishes the older patient’s ability to

compensate when stressed. Fried and colleagues [8]

described frailty as a phenotype that includes three of the

following five characteristics: unintentional weight loss,

slow walking speed, self-reported exhaustion, low physical

activity, and weakness as measured by grip strength. The

physiology of aging or an inherent decline in various organ

systems accounts for this phenotype, and includes

increased levels of inflammatory markers (CRP, IL-6),

diminution in bone density (osteoporosis), cognitive

changes (delirium and dementia), and sarcopenia [13].

In this cohort of elderly, severely injured trauma

patients, we found that central sarcopenia as measured by

PLVI was associated with morbidity but not mortality. The

Table 1 Baseline patient variables and outcomes

Psoas:L4 vertebral index p

Overall Low High

n = 180 n = 90 n = 90

Age (yrs)� 74 (63–82) 79

(72–85)

70 (6077) <0.001

Male* 103 (57 %) 39 (43 %) 64 (71 %) <0.001

Race* 0.04

Caucasian 118 (66 %) 56 (63 %) 62 (69 %)

African

American

45 (25 %) 24 (27 %) 21 (23 %)

Asian 9 (5 %) 7 (8 %) 2 (2 %)

Other 7 (4 %) 2 (2 %) 5 (6 %)

Comorbidities 3 (2–4) 3 (1–4) 3 (2–4) 0.79

Blunt mechanism 175 (97 %) 88 (98 %) 87 (97 %) 0.36

ISS 24 (19–29) 25

(18–29)

24 (19–29) 0.59

AIS head 3 (0–4) 4 (2–4) 3 (0–4) 0.10

Admission SBP

(mmHg)

137

(117–153)

138

(12–154)

135

(110–152)

0.30

Admission HR 86 (75–97) 87

(74–98)

86 (77–99) 0.98

Mortality 23 (13 %) 14 (16 %) 9 (10 %) 0.26

Morbidity* 127 (71 %) 75 (83 %) 52 (58 %) <0.001

THLOS 17 (10–26) 17 (9–24) 16 (10–29) 0.52

ICU days 7 (4–16) 7 (4–16) 6 (3–18) 0.59

Ventilator days 1 (0–12) 3 (0–13) 1 (0–12) 0.29

Bold values indicate significance at p \ 0.05

ISS Injury Severity Score, AIS Abbreviated Injury Scale, SBP systolic

blood pressure, HR heart rate, THLOS total hospital length of stay,

ICU intensive care unit

* v2 test statistically significant at p \ 0.05

� Result of Mann–Whitney test was statistically significant at

p \ 0.05

Table 2 Univariate analysis of baseline factors, mortality, and

morbidity

OR 95 % CI p

Univariate mortality model

Age, years* 1.05 (1.01–1.10) 0.04

Male 1.18 (0.48–2.88) 0.72

Race

Caucasian Reference

African American 1.37 (0.48–3.91) 0.55

Asian 2.55 (0.47–13.68) 0.28

Other 5.94 (0.90–39.19) 0.60

Comorbidities* 1.30 (1.01–1.60) 0.01

ISS 0.99 (0.94–1.05) 0.75

AIS head* 1.44 (1.02–2.02) 0.04

Admission SBP 0.99 (0.99–1.01) 0.87

Admission HR 1.01 (0.99–1.03) 0.40

PLVI

High Reference

Low 1.66 (0.68–4.05) 0.27

Univariate morbidity model

Age, years 0.99 (0.96–1.02) 0.35

Male 1.06 (0.56–2.03) 0.86

Race

Caucasian Reference

African American 1.24 (0.58–2.70) 0.58

Asian 3.61 (0.44–29.92) 0.23

Other 0.30 (0.05–1.88) 0.99

Comorbidities* 1.17 (0.98–1.40) 0.09

ISS* 1.05 (1.01–1.10) 0.05

AIS head 1.07 (0.88–1.29) 0.52

Admission SBP 0.99 (0.98–1.01) 0.10

Admission HR 1.01 (0.99–1.02) 0.74

PLVI*

High Reference

Low 3.66 (1.83–7.32) <0.001

Bold values indicate significance at p \ 0.10

OR odds ratio, CI confidence interval, ISS Injury Severity Score, AIS

Abbreviated Injury Scale, SBP systolic blood pressure, HR heart rate,

PLVI psoas:L4 vertebral index

* Result of univariate logistic regression was statistically significant

at p \ 0.10
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PLVI has several advantages over other metrics of frailty

available for use in the trauma population. Because the

majority of blunt trauma patients will undergo cross-sec-

tional imaging upon admission [14], the ability to measure

PLVI is present early on for most elderly trauma patients.

Since imaging occurs extremely early in the hospital course

of trauma patient, admission PLVI is unlikely to be greatly

affected by injuries, interventions undertaken to treat

injuries, or complications developing thereafter. The

admission PLVI can therefore be thought of as a baseline

‘‘snapshot’’ that represents the patient’s condition at the

time of injury. Because this metric is objective, does not

require patient cooperation or recall, and does not require

the ability to ambulate, it may be far easier to assess in

patients suffering traumatic injury.

The use of central sarcopenia as a proxy for frailty and

predictor of outcomes has been studied in other groups of

surgical patients in recent years. Decreased psoas cross-

sectional area has been shown to be associated with mor-

tality after liver transplantation [10], elective abdominal

aortic aneurysm repair [15], and esophagectomy [16]. In a

cohort of patients undergoing hepatic resection for colo-

rectal metastases, Peng et al. [17] found that a total psoas

cross-sectional area of \500 mm was associated with

increased risk of postoperative complications and hospital

length of stay, but not mortality. Of note, our methodology

differs from the above-referenced studies in that, rather

than reporting the combined cross-sectional area of the

psoas muscles at the L4 vertebra (or ‘‘total psoas area’’,

TPA), we report the ratio of psoas CSA to the L4 vertebral

body CSA. The intent of this methodology is to provide a

PSCA value that is normalized to individual patient body

habitus, but further research will be necessary to determine

the optimal measurement of central sarcopenia.

Injury Severity Score is one of the best known predictors

of mortality in trauma patients, and so it may seem sur-

prising that this failed to predict mortality in our models.

However, the distribution of ISS in our cohort is relatively

tightly distributed around the median of 24 (range 16–59),

with 80 % of our cohort having an ISS between 16 and 32.

Given that the predicted mortality in this range of ISS for

patients greater than 55 years of age would be expected to

be between *5 and 13 %, it is not entirely surprising,

considering the relatively small sample size, that no dif-

ference is seen in our model.

In the subgroup analysis, the only category of compli-

cations to reach statistical significance between the two

groups was infectious complications. Frailty has been

associated with alterations in both the innate and adaptive

immune system [18–20], and it is thus possible that in the

presence of frailty as reflected by low PLVI, host immune

Table 3 Multivariable analysis of baseline factors, mortality, and

morbidity

OR 95 % CI p

Multivariable mortality model

Age 1.03 (0.99–1.09) 0.12

Comorbidities* 1.27 (1.02–1.60) 0.04

AIS head 1.33 (0.94–1.88) 0.10

PLVI

High Reference

Low 1.2 (0.44–3.26) 0.72

Multivariable morbidity model

Comorbidities* 1.40 (1.13–1.74) 0.00

ISS* 1.07 (1.01–1.13) 0.02

Admission SBP (mmHg)* 0.99 (0.98–0.99) 0.03

PLVI*

High Reference

Low 4.91 (2.28–10.60) 0.00

OR odds ratio, CI confidence interval, ISS Injury Severity Score, AIS

Abbreviated Injury Scale, SBP systolic blood pressure, HR heart rate,

PLVI psoas:L4 vertebral index

* Result of multivariable logistic regression was statistically signifi-

cant at p \ 0.05

Table 4 Subgroup complication rates by PLVI group

Psoas:L4 vertebral index p

Low High

n = 90 (%) n = 90 (%)

Morbidity*

Any 75 (83) 52 (58) <0.001

Respiratory 45 (50) 35 (40) 0.13

Infectious* 54 (60) 43 (39) 0.03

Thromboembolic 17 (19) 22 (24) 0.37

Organ failure 10 (11) 12 (13) 0.65

Hemorrhagic 4 (4) 0 (0) 0.12

Bold values indicate significance at p \ 0.05

* Result of v2 test was statistically significant at p \ 0.05

Table 5 Mechanism of injury by PLVI group

Mechanism of injury Psoas:L4 vertebral index p

Low High

n = 90 (%) n = 90 (%)

Fall* 53 (59) 39 (43) \0.05

MVC* 18 (20) 30 (33) \0.05

Pedestrian struck 9 (10) 12 (13) NS

Other 8 (9) 2 (3) NS

MCC 1 (1) 3 (3) NS

GSW 1 (1) 3 (3) NS

MVC motor vehicle collision, MCC motorcycle collision, GSW gun-

shot wound, NS not significant

* Result of v2 with z test of proportions was significant at p \ 0.05

Psoas:lumbar vertebra index 61
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responses may be compromised. Alternatively, it may be

that the frailty phenotype necessitates interventions which

result in increased risk of infections. For instance, patients

who are unable to be mobilized from bed may be subjected

to prolonged use of indwelling urinary catheters, resulting

in increased risk of urinary tract infection.

Despite our findings, this study has some important

limitations. The utility of using ‘‘any complication’’ as a

combined primary endpoint may be questioned, as different

complications have different risk factors which may not be

equally distributed between our two groups. Given our

relatively small sample size and the degree of complexity

that would be introduced in order to control for all of the

risk factors for each individual complication, we have

chosen to look at an aggregate measure instead. However,

the use of morbidity as a combined endpoint may be more

meaningful than rates of specific complications, as the

aggregate reflects the overall baseline condition and host

response to trauma. Additionally, as no specific treatments

are available to protect frail patients from posttraumatic

morbidity, the therapeutic benefit of a frailty index is

currently very limited. However, the addition of central

sarcopenia to the traditional predictors of outcome may

help inform clinicians when discussing likely outcomes

with family patients and their families. Future prospective

studies may identify specific opportunities for improve-

ment in this cohort. Finally, this study represents a single-

institution experience with a limited number of patients,

and as such may not be applicable to other centers. Spe-

cifically, the LPVI median of 0.84 from which we derive

our cut-point to divide the cohort into ‘‘high’’ and ‘‘low’’

PLVI groups may not be valid in other populations. Further

work with larger cohorts may help clarify this issue.

In conclusion, the PLVI is an easily-obtained metric

which may help physicians caring for trauma patients to

identify a subpopulation of elderly patients at increased

risk of morbidity, independent of age and comorbidities.

Further investigative efforts should be directed towards

translating risk identification into risk reduction.
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Appendix

# Complication Description

Pulmonary

20 Acute respiratory distress
syndrome (ARDS)*
*(maps to NTD B definition)

Adult (Acute) respiratory distress syndrome: ARDS occurs in conjunction with catastrophic medical
conditions, such as pneumonia, shock, sepsis (or severe infection throughout the body, sometimes also
referred to as systemic infection, and may include or also be called a blood or blood-borne infection), and
trauma. It is a form of sudden and often severe lung failure characterized by PaO2/FiO2 B200, decreased
compliance, and diffuse bilateral pulmonary infiltrates without associated clinical evidence of CHF. The
process must persist beyond 36 hours and require mechanical ventilation.

21 Acute respiratory failure Need for prolonged ventilatory support after a period of normal non-assisted breathing (minimum of 48 hrs) or
reintubation.

a.Planned—do not report (i.e., taken to OR)

b.Unplanned––report

22 Aspiration/aspiration pneumonia Documented inhalation of gastric contents or other materials followed by clinical and new radiological findings
of pneumonitis which requires treatment within 48 h.

24 Fat embolus syndrome Documented diagnosis by an attending physician in a patient w/pelvic or extremity fractures and a decreased
PO2. One of the following must also be present: change in mental status; petechial signs; tachypnea; fat in
urine; decreased platelets.

26 Pneumonia*
*(maps to NTDB definition)

Patients with evidence of pneumonia that develops during the hospitalization. Patients with pneumonia must
meet at least one of the following two criteria:

Criterion 1. Rales or dullness to percussion on physical examination of chest AND any of the following:

a. New onset of purulent sputum or change in character of sputum b. Organism isolated from blood
culture c. Isolation of pathogen from specimen obtained by transtracheal aspirate, bronchial brushing, or
biopsy

Criterion 2. Chest radiographic examination shows new or progressive infiltrate, consolidation, cavitation, or
pleural effusion AND any of the following:

a. New onset of purulent sputum or change in character of sputum

b. Organism isolated from the blood

c. Isolation of pathogen from specimen obtained by transtracheal aspirate, bronchial brushing, or biopsy

d. Isolation of virus or detection of viral antigen in respiratory secretions

e. Diagnostic single antibody titer (IgM) or fourfold increase in paired serum samples (IgG) for pathogen

f. Histopathologic evidence of pneumonia

27 Pneumothorax Presence of intrapleural air not present on admission radiograph, resulting from treatment or intervention.
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continued

# Complication Description

28 Pulmonary embolus*
*(maps to NTDB definition)

Defined as a lodging of a blood clot in a pulmonary artery with subsequent obstruction of blood supply to the
lung parenchyma. The blood clots usually originate from the deep veins or the pelvic venous system.
Consider the condition present if the patient has a VQ scan interpreted as high probability of pulmonary
embolism or a positive pulmonary arteriogram or positive CT angiogram.

48 Cardiopulmonary arrest
(unexpected, not resulting in death)

Documented by a physician.

Cardiovascular

30 Acute arterial occlusion
(not present on admission)

Caused by embolism or thrombosis, documented by arteriography, duplex scanning, pulse volume recording,
segmental pressures, clinical exam, or autopsy.

34 Major dysrhythmia
(not resulting in death)

Dysrhythmia requiring drugs or defibrillation (e.g., supraventricular tachycardia, rapid atrial fibrillation,
sustained ventricular tachycardia, bradycardia requiring pacing).

32 Extremity compartment syndrome
(not present on admission)*
*(maps to NTDB definition)

Defined as a condition in which there is swelling and an increase in pressure within a limited space (a fascial
compartment) that presses on and compromises blood vessels, nerves, and/or tendons that run through that
compartment. Compartment syndromes usually involve the leg but can also occur in the forearm, arm, thigh,
and shoulder.

33 Deep vein thrombosis (DVT)*
*(maps to NTDB definition)

The formation, development, or existence of a blood clot or thrombus within the vascular system, which may be
coupled with inflammation. This diagnosis may be confirmed by a venogram, ultrasound, or CT. The patient
must be treated with anticoagulation therapy and/or placement of a vena cava filter or clipping of the vena
cava.

35 Myocardial infarction (MI)*
*(maps to NTDB definition)

A new acute myocardial infarction occurring during hospitalization (within 30 days of injury).

Hematologic/coagulopathy

40 Blood transfusion reaction Transfusion reaction as documented by the institution’s reaction protocol

41 Coagulopathy (excluding
anticoagulation therapy, coumadin
therapy, or underlying hematologic
disorders, e.g., hemophilia)

Uncontrolled diffuse bleeding in the presence of coagulation abnormalities, e.g., increased prothrombin time,
increased partial thromboplastin time, decreased platelet count, or disseminated intravascular coagulation
(DIC) requiring treatment, i.e., transfusion components such as platelets, clotting factors, FFP.

Renal

50 Acute renal failure*
*(maps to NTDB definition)

A patient who did not require dialysis prior to injury, and who has worsening renal dysfunction after an injury
requiring hemodialysis, ultrafiltration, or peritoneal dialysis. If the patient refuses treatment (e.g., dialysis),
the condition is still considered present.

Hepatic

63 Liver failure Documented by a physician. Increased serum ammonium or decreased synthetic or metabolic function (e.g.,
PT, TTP, or fibrinogen).

Infection/sepsis

70 Empyema Infection documented by purulent material or positive culture from the pleural space, requiring thoracostomy
tube drainage.

76 Sepsis Documented by a physician with at least two or more of the following conditions (which occur at the same
time): core temperature of [38 or B36�C; white blood cell count [12,000 or \4,000 or [10% immature
bands; positive blood cultures (excluding contaminants); clinically obvious source of infection; heart rate[90
beats/min or respiratory rate [20 breaths/min.

77 Septicemia (?) blood cx, excluding isolates thought to be contaminates.

78 Acute sinusitis Opacification on XRAY or CT with fever and/or positive purulent drainage requiring treatment.

79 Soft tissue infection Documentation by a physician of cellulitis, gas gangrene, necrotizing fasciitis, or streptococcal myositis
requiring treatment.

97 Urinary tract infection (UTI) (not
present on admission) (CDC
guidelines used as reference)

Clean voided or other catheter urine specimen with C100,000 organisms/ml on C/S.

99 Wound infection (Traumatic or incisional) drainage of purulent material from wound; active treatment of wound, or
administration of antibiotics for wound.

*An abdominal abscess would not be considered a wound infection and is not applicable as an occurrence.

Airway management

80 Esophageal intubation Endotracheal tube in esophagus and not immediately repositioned. Esophageal location determined by physical
exam, X-ray, capnography, or endoscopy.

69 Unrecognized main stem bronchus
intubation

Any endotracheal intubation procedure resulting in definitive placement of the tube in either the right or left
main stem bronchus.

a.Recognized and treated immediately—not reportable

b.Unrecognized on two successive chest xrays––reportable

Gastrointestinal

83 GI bleeding Blood loss from anywhere in GI tract, grossly positive nasogastric (NG) aspirate, or grossly positive stool
which requires treatment.
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continued

# Complication Description

86 Small bowel obstruction (SBO)
(excluding ileus)

Radiographic evidence of dilated loop of bowel with multiple air-fluid levels and confirmed by a surgeon;
requiring treatment (surgery or NG tube).

Neurological

64 CNS infection CSF aspirate with positive culture and increased white blood cell count.

66 Progression of original neurologic
insult

Documentation by a physician of deterioration or additional loss of function from that noted on ED arrival, i.e.,
paralysis, paresis, or other neurologic sequelae.

96 Seizures Two or more seizures after a head injury which are witnessed or attested to by hospital personnel (e.g., focal,
grand mal, conscious or unconscious (one seizure after a head injury is not a complication; 10–15% are
expected).

Procedure-related

91 Organ, nerve, vessel injury Perforation or injury resulting from treatment or intervention.

Decubitus

65 Dehiscence/evisceration Breakdown of fascial closure confirmed by discharge of peritoneal fluid, evisceration, or palpable fascial
defect.

*THIS OCCURRENCE PERTAINS TO THE ABDOMINAL AREA ONLY*

94 Decubitus*
*(maps to NTDB definition)

Defined as a ‘‘pressure sore’’ resulting from pressure exerted on the skin, soft tissue, muscle, or bone by the
weight of an individual against a surface beneath. Individuals unable to avoid long periods of uninterrupted
pressure over bony prominences are at increased risk for the development of necrosis and ulceration.

Hypothermia

46 Hypothermia (Non-therapeutic) rectal or core temperature B34 �C or 93.2 �F.

If the patient presents to the hospital with hypothermia, the hypothermia is considered a diagnosis. If the
hypothermia presents during the hospital stay and is unexpected, the hypothermia is considered an
occurrence.

47 Postoperative hemorrhage Requiring operative intervention—procedures done in angio to control hemorrhage should be considered
operative interventions and the hemorrhage should be included as an occurrence.

49 Adverse drug reaction Documented by a physician, plus one of the following: adversely affects patient care; increases length of stay;
increases morbidity and mortality.
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