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Abstract

Objectives – To review the nonradiologist use of ultrasound (US) in the setting of emergency and critical care,
the development, clinical applications, and standardization of veterinary abdominal and thoracic focused
assessment with sonography for trauma (FAST) techniques.

Etiology – Since the 1990s, the 4-point FAST US technique has been used for injury surveillance in people with
blunt and penetrating trauma. FAST screens for free fluid in the abdominal, pleural, and pericardial cavities
with high sensitivity and specificity. More recently, an extended FAST scan was developed for the rapid
detection of pneumothorax. These techniques and newly created scans have been applied to other critically ill,
nontraumatized, subsets of human patients. As a result, the terminology related to this field, eg, extended
FAST, HHFAST, FFAST, FAFF, BOAST, SLOH, bedside US, ‘$ Approach,’ protocols, and objectives have
become convoluted despite having similar goals.

Diagnosis – The importance of US in the setting of emergency medicine is highlighted by the fact that this
diagnostic modality has become an integral part of the core curriculum for nonradiologists including the
American College of Surgeons, American College of Emergency Physicians, American Board of Emergency
Medicine, Society of Academic Emergency Medicine, and all United States Accreditation Council for Graduate
Medical Education Emergency Medicine residency programs.

Therapy – Veterinary applications of FAST techniques include an abdominal FAST technique with an
abdominal FAST applied fluid scoring system, and a thoracic FAST technique. In an attempt to avoid the
creation of numerous acronyms, veterinarians would be well served by making the ‘T’ in ‘FAST’ stand for
‘Trauma,’ ‘Triage,’ and ‘Tracking.’

Prognosis – These veterinary FAST techniques provide an extension of the physical examination for the
emergency and critical care veterinarian potentially expediting diagnosis, prompting life-saving maneuvers,
and guiding patient management. Further clinical research to determine sensitivity, specificity, and accuracy
for specific conditions is warranted.

(J Vet Emerg Crit Care 2011; 21(2): 104–122) doi: 10.1111/j.1476-4431.2011.00626.x
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Introduction

Since the 1990s, focused assessment with sonography

for trauma (FAST) has been a first line, standard of care,

screening technique in many algorithms for both blunt

and penetrating trauma in people.1–10 In its original

application, a 4-point scan was performed on the

abdomen, evaluating for evidence of free fluid in the

abdominal, pericardial, and pleural cavities. The utility

of FAST protocols is premised upon the generalization

that trauma-related free fluid accumulation reflects in-

ternal injury and non-trauma–related free fluid accu-
mulation reflects other pathology. FAST is considered a

first line diagnostic test in trauma centers in both Eu-

rope and North America, and has virtually eliminated

the need for diagnostic peritoneal lavage (DPL) at many

trauma centers.2,3,5,11–16 Improved sensitivity (Se) and

specificity (Sp) have been demonstrated in people using

FAST protocols over radiography for the diagnosis of

free abdominal, pleural, and pericardial fluid and
they are comparable to computerized tomography
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(CT).1,2,16–20 More recently, FAST protocols for pneumo-

thorax, pleural effusion, and lung pathology in people

have been developed reducing the number of thoracic

radiographs and CT scans performed in critically ill

patients.21–29 FAST and emergency ultrasound (US)

have become an integral part of patient management

resulting in these techniques becoming part of the core
curriculum for the American College of Emergency

Physicians, American Board of Emergency Medicine,

Society of Academic Emergency Medicine, American

College of Surgeons, and all United States Accreditation

Council for Graduate Medical Education Emergency

Medicine residency programs.30–32

One of the major advantages of FAST protocols is the

rapidity at which they can be performed. Both human
and veterinary trauma studies have reported exam

times of 3 minutes or less.2,33–36 Moreover, FAST

proficiency is attainable by nonradiologist veterinari-

ans.33,34,37 FAST is a relatively inexpensive, radiation

sparing, point-of care, noninvasive, imaging modality

requiring minimal patient restraint that can be per-

formed simultaneously with other interventions.1,33,34

FAST exams are often performed while the patient is
having placement of an IV catheter, being supple-

mented with oxygen, having blood drawn, or receiving

additional treatments.1,33,34 In contrast, CT, although

the gold standard for intraabdominal injury because it

detects free fluid, free air, and parenychymal injury, is

expensive, not portable or widely available.1,38 CT in

veterinary patients requires a hemodynamically stable

patient for safe transport to the radiology suite4,29 and
has the additional risk related to sedation or anesthe-

sia.38 Because CT exposes the patient and attending

staff to radiation, patient interaction during the scan is

limited.39 As a result of these inherent factors along

with expense and limited availability, CT does not lend

itself to serial examinations as easily as US.39 Serial

FAST examinations and the application of hemoperito-

neum fluid scoring systems in people have been shown
to improve outcomes including reducing time to sur-

gery, decreasing morbidity and length of hospitaliza-

tion, and improving survival in trauma and nontrauma

patients.1,5,6,32,40–43

More recently, a veterinary abdominal fluid scoring

system has been developed and demonstrated to cor-

relate with degree of anemia and semiquantitate the

degree of intraabdominal injury (eg, hemorrhage).34

Ongoing or occult hemorrhage remains the number 1

cause of death in human trauma patients during the

first 48 hours of hospitalization;1,44–51 and missed in-

traabdominal injury is a common finding at surgery or

postmortem examinations.44,52,53 Initial and serial FAST

exams provide a means for reliably monitoring these

critical patients.5,6,34 Serial abdominal FAST (AFAST)

examinations with an applied fluid score provide a tool

for veterinarians to assess the degree of hemorrhage as

well as monitor ongoing or resolution of hemorrhage.34

When used in the proper context, FAST exams may

expedite detection of life-threatening problems, thus

it may be used to modify interventions and guide

therapy, especially in cases with ongoing or occult
hemorrhage, which may otherwise go unrecognized

by physical examination, vital signs, and laboratory

tests.1,4,16,32,38,40,41,54–60

The purpose of this review is to discuss the devel-

opment and clinical applications of veterinary AFAST

with its applied fluid scoring system, and thoracic

FAST (TFAST) techniques in the emergency and critical

care setting and propose recommendations for the stan-
dardization and training of these veterinary techniques.

The ‘T’ in ‘FAST’ could be considered representative

within the veterinary community of not only ‘Trauma,’

but also ‘Triage’ and ‘Tracking’ for nontrauma and

monitoring applications, respectively. By recognizing

that the ‘T’ in FAST may represent these additional ap-

plications, it may help avoid the need for a host of

additional acronyms such as extended FAST, HHFAST,
FAFF, FFAST, INBU, SLOH, ‘$ Approach,’ BOAST

which can be found in the human literature.23,32,61–65

The Development of ‘AFAST’ and an Abdominal
Fluid Scoring System

In 2004, Boysen et al37 studied a novel canine version of

the human FAST exam applied to 100 hit-by-car (HBC)

dogs. Interestingly, they found that within their case
population of 100 dogs, 45% had incurred intraabdom-

inal injury as reflected by a positive FAST exam, ie, the

presence of free abdominal fluid. In that study, hemo-

peritoneum (confirmed by abdominocentesis in 38%;

solely identified via FAST in 43%) was the major FAST-

diagnosed injury.37 This percentage was higher than

reported previously (38–43% versus 12–23%) before the

development of FAST.37,66–68 The second most common
injury detected by Boysen et al37 was uroabdomen (2%),

similarly reported by Simpson et al68 (3%) in a large

recent retrospective study. Regarding uroabdomen, vet-

erinary FAST is advantageous because it can be used to

screen for both intraabdominal and retroperitoneal fluid,

and the presence of a normal contoured urinary bladder

to help rule out rupture of the urinary bladder.34,37

However, the true Se and Sp for the diagnosis of uro-
abdomen and the detection of retroperitoneal fluid in

veterinary patients in the context of FAST protocols have

not been evaluated to the author’s knowledge.

In people, the Se and Sp for the detection of retro-

peritoneal fluid via sonography is problematic because

obesity, differences in anatomy causing more air
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interference from the gastrointestinal tract, and supine

positioning (all FAST sites are gravity dependent in

people) make it difficult to differentiate free fluid

within the peritoneal cavity versus the retroperitoneal

space.1 These issues may be less problematic in dogs

placed in lateral recumbency because intraabdominal

fat and the potentially gas-filled colon fall away from
the nongravity dependent flank view. In lateral recum-

bency, free abdominal fluid will generally not overlie

retroperitoneal fluid at the nongravity flank site. The

ability to sonographically distinguish between perito-

neal and retroperitoneal fluid in dogs, is not well char-

acterized. Initial and serial AFAST may also prove

helpful in reaching an expedient diagnosis in more

challenging trauma sequela such as retroperitoneal-
related injury including renal, ureteral, and vascular

trauma that would otherwise go undiagnosed or missed

entirely.69–82 Finally, the study by Boysen et al37 clearly

demonstrated that proficiency in performing FAST ex-

ams can be achieved by nonradiologists, and this is

similar to findings in human FAST studies.1,16,20,37

Only 2 studies have been performed to date with re-

gards to the detection of traumatic hemoperitoneum in
dogs using FAST.34,37 In both of these prospective stud-

ies the authors reported markedly higher rates of

hemoperitoneum than documented previously without

FAST examinations.34,37 The study by Boysen et al,37

however, may have overestimated the incidence of

hemoperitoneum in traumatized patients due to several

factors when contrasted with the study by Lisciandro

et al.34 These factors include a median time from trau-
matic event to FAST examination of 240 minutes, a me-

dian time from presentation to FAST examination of 60

minutes, a referral population constituting 35% of case

population, and 16 cases in which blind abdomino-

centesis was performed before the FAST examination.37

With a 4-hour gap between the traumatic event

and FAST examination, traumatized dogs may have

received fluid resuscitation or had abdominocentesis
performed, which may have led to the identification

of more FAST-positive dogs. By exacerbating occult pa-

renchymally contained injury (eg, subcapsular splenic

hemorrhage or clotted liver laceration) via fluid resus-

citation, or by inadvertently puncturing the spleen or

other vascular structures, dogs may have iatrogenically

become positive. A similar phenomenon in which self-

contained parenchymal injury worsens over time evi-
dent by the development of free fluid on serial imaging

occurs in people.1,5,61,83 Alternatively, an argument

could be made that in the study by Lisciandro et al,34

hemoperitoneum may have been underestimated

because dogs deemed AFAST negative may have died,

been euthanized, or sent home as stable outpatients

before becoming AFAST positive subsequently. In con-

trast to the study by Boysen et al,37 most of dogs de-

scribed by Lisciandro et al34 were evaluated in much

closer proximity to the traumatic event (median time

trauma to presentation was 60 min), had AFAST per-

formed before fluid resuscitation (median time presen-

tation to AFAST o5 min), and 98% were primary

presentations (not treated before presentation by an-
other veterinarian). In the study by Lisciandro et al,34

approximately 20% (6/27) of AFAST-positive dogs

became positive on their serial AFAST exam. Overall fre-

quency of hemoperitoneum was 27%. These findings

emphasize the importance of serial FAST exams, which

are recommended in human patients as well.5,6,34,84,85

Further research comparing initial and serial abdominal

fluid scores (AFSs) to blood pressure, advanced imag-
ing, and fluid resuscitation volumes, may prove helpful

in optimizing care and clarifying the types of injuries

incurred in these dogs.

In the initial study by Boysen et al,37 approximately

25% of dogs with hemoperitoneum were administered

blood products. None of the dogs, however, required

surgical intervention to address hemoperitoneum,

which was also true in the study by Lisciandro
et al34,37 In a recently published retrospective review

of severe blunt trauma in 235 dogs, Simpson et al68

reported that 6% (3/53) of hemoperitoneum cases

required surgical intervention. The Simpson study,

however, retrospectively reviewed trauma cases pre-

FAST (1997–2003) in contrast to more recent studies34,37

that were prospective. In an older retrospective case

series, Mongil67 evaluated 28 dogs with traumatic
hemoperitoneum that required blood transfusions and

found that 32% (9/28) required surgery.67

Following the publication by Boysen et al,37 Liscian-

dro et al34 developed a novel abdominal fluid scoring

system assigning AFAST-examined dogs an AFS.

The purpose of the study was to determine whether a

patient’s AFS could potentially be used to help guide

therapy similar to the clinical use of human hemoperi-
toneum fluid scoring systems.5,6,42,86 Human hemoperi-

toneum scoring systems, however, were created as a

means for predicting the need for emergent laparo-

tomy.40,41 In contrast, because dogs with traumatic

hemoperitoneum are more often successfully treated

medically (emergent laparotomy remains controver-

sial)34,37,38,68 the veterinary fluid scoring system was

developed to predict the degree of anemia and poten-
tial need for blood transfusion.34 In a prospective study

in people, McKenney et al41 found that of the patients

with a high fluid score, 87% required a therapeutic la-

parotomy; and the Se of the hemoperitoneum score was

much higher (83%) when compared with systolic blood

pressure (28%) and base deficit (49%).41 In another

study of pediatric patients, no difference was found
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between higher and lower scoring patients in their ad-

mission pulse, Glasgow Coma Score, Injury Severity

Score, or the proportion of those presenting with hy-

potension. Lower scoring patients, however, rarely re-

quired surgical intervention (1/22) in contrast to the

higher scoring patients of which the hemoperitoneum

score had an Se of 89%, Sp of 75%, and was 78% ac-
curate in predicting need for emergent laparotomy.87

Presenting laboratory and physical examination find-

ings documented in people and veterinary patients do

not reliably lend themselves to determining the degree

of hemorrhage.61 The AFAST-applied AFS, subse-

quently described, gives attending veterinarians the

ability to assess more reliably the degree of hemorrhage

because the fluid score semiquantitates the volume of
intraabdominal blood and therefore may alert clinicians

to the need for blood transfusions.34 Moreover, by se-

rially monitoring AFS, cessation of bleeding (static

AFS), ongoing hemorrhage (increasing AFS), and res-

olution via autotransfusion (decreasing AFS), may be

determined. Future studies may demonstrate whether

the AFAST-applied fluid scoring system can predict the

need for emergent laparotomy in dogs.
Because approximately 25% of FAST-positive dogs in

the study by Boysen et al37 required blood transfusions,

Lisciandro et al34 speculated that a veterinary fluid

scoring system could semiquantitate the degree of

hemorrhage present and be clinically useful in deter-

mining the potential need for blood transfusions or

surgery in dogs that could not be stabilized medically.

The authors further speculated that initial and serial
AFAST-applied AFSs would be helpful in detecting on-

going hemorrhage before the patient became overtly

hemodynamically unstable. They developed a simple

0–4 abdominal fluid scoring system based on the num-

ber of FAST-positive sites, and correlated patient fluid

scores with the degree of anemia.34 Because dogs are

flattened in a lateral manner versus anterior-posterior

in people, AFAST, applied in the recommended posi-
tioning of lateral recumbency,34,37 provides an inherent

depth gauge for the fluid scoring system (Figure 1).34 In

contrast, human hemoperitoneum scores are deter-

mined in similar fashion with the addition of a fifth

factor of greatest fluid depth because the FAST exam is

performed in the supine position, thus all human sites

are gravity dependent.40,41

In the study by Lisciandro et al34 none of the 101 dogs
were anemic on their initial PCV determination but

subsequently, 25% of the dogs with an AFS of 3 or 4

became markedly anemic with PCV o25%. In general,

all dogs with AFS 3 or 4 had at least a 20% decrease

from their initial PCV; and only a single dog in the

lower-scoring group of AFS 1 or 2 became anemic (PCV

30%). In the event a lower-scoring (AFS 1 and 2) dog

becomes anemic, the attending clinician to look else-

where for another source of bleeding. Thus, the use of
patient AFS reliably predicted the potential for anemia

based on patient score (AFS 1 and 2 group versus AFS 3

and 4 group).34 Equally as important is recording the

location of positive sites because positive sites in lower-

scoring dogs (AFS 1 and 2) that increase in AFS (AFS 3

and 4) may help direct surgeons more expediently to

the origin of hemorrhage if the bleeding becomes re-

fractory to medical therapy.34 Sparse information is
available regarding the source of hemorrhage in dogs

with traumatic hemoperitoneum. Mongil et al67 found

in a small retrospective study that of 12 dogs ne-

cropsied or operated, that the source of hemorrhage

was the spleen (58%), liver (50%), kidneys (23%), and

external iliac artery (8%).67 Widespread use of the

AFAST-applied AFS in a standardized fashion (Table 1)

may help clarify the source of bleeding in dogs, and aid
in the development of algorithms or guidelines for

blood transfusions, and emergent exploratory laparo-

tomy because none currently exist.38,88

In the study by Lisciandro et al,37 subsequent AFAST

scans were performed in stable patients 4 hours after

the initial AFAST exam similar to guidelines created by

the American College of Emergency Physicians. The

authors reported that 17% of dogs changed score.

Figure 1: Illustration showing the relationship between abdom-

inal fluid score (AFS) and the location(s) of the respective ab-

dominal focused assessment with sonography for trauma

(AFAST)-positive site(s) in right lateral recumbency. The AFS

is defined as follows: (a) AFS 1, positive at any one site; pictured

is the most common AFS 1 site, the DH view, (b) AFS 2, positive

at any 2 sites; pictured are the 2 most common AFS 2 sites, (c)

AFS 3, positive at any 3 sites; pictured are the most common

AFS 3 sites which now become gravity dependent, (d) AFS 4,

positive at all 4 sites. In lateral recumbency, AFAST inherently

provides a depth gauge for volume of fluid as shown in the

progression from AFS 1 to AFS 4. Note that lower-scoring AFS 1

and AFS 2 hemoperitoneum dogs are most commonly positive

at nongravity dependent AFAST sites. DH, diaphragmatico-

hepatic; SR, spleno-renal; CC, cysto-colic; HR, hepatorenal.
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Unstable dogs had serial AFAST exams performed

sooner. Of the dogs that changed score, 75% increased

their score, which suggested ongoing hemorrhage. Of

the dogs that increased in score, 50% were initially

AFAST-negative dogs. It is therefore important to be
cognizant of the fact that many dogs appeared clinically

stable and may have otherwise been treated as outpa-

tients. No AFAST-positive dogs reverted to AFAST

negative on the 4-hour serial FAST exam suggesting

that serial FAST examinations provide increased Se in

diagnosing otherwise occult intraabdominal injury and

that it may reduce the frequency of false negatives.5,42,84

In summary, by performing at least one serial AFAST
examination with the application of the fluid scoring

system 4 hours post initial exam, dogs with more se-

rious injury are less likely to be missed. Serial AFAST

examinations may be continued (eg, every 4–6 h in sta-

ble patients) throughout hospitalization in cases that

continue to have increasing fluid scores (having not

reached the maximum score (AFS 4), or subsequently

scheduled in dogs having worsening anemia, or in both
instances. Once dogs reach the maximum score (AFS 4),

serial examinations (suggested by the author every 8–

12 h) remain helpful for monitoring resolution of hemo-

peritoneum (scores begin decreasing). In the author’s

experience, most dogs that stop bleeding, have near

resolution of their AFS (ie, AFS decreases to 0) within

the subsequent 48 hours. Autotransfusion rates post-

trauma have not been directly studied in dogs with

hemoperitoneum; however, dogs receiving blood trans-

fusions IP had maximum rises in PCV 48 hours post

transfusion.89

The Standardization of AFAST and the Abdominal
Fluid Scoring System

Several modifications to the AFAST examination should

be considered for standardization of the veterinary
technique.34 Although AFAST has been studied in both

left and right lateral recumbency,34,37 the author prefers

right lateral recumbency (unless injury makes left lat-

eral recumbency safer or more comfortable) because

right lateral recumbency is the standard position for

ECG evaluation and echocardiography.34 It is also ar-

guably a better position for abdominocentesis because

iatrogenic puncture of the spleen is less likely because
the spleen lies anatomically more left of midline. Ad-

ditionally teaching the technique may be easier and

ensure that sites are adequately surveyed by renaming

sites by their intraabdominal target organs34 rather than

their external locations37 as has been done in some hu-

man protocols,1,4,34,90 eg, diaphragmatico-hepatic (DH)

versus subxiphiod; spleno-renal (SR) versus left flank;

cysto-colic versus midline over the urinary bladder;
hepato-renal (HR) versus right flank (Figure 2).34,37

Furthermore, a different veterinary imaging order has

been suggested by the author starting with DH site,

which is the most commonly positive site in low-scor-

ing dogs, and moving in a counterclockwise manner

finishing with the most gravity-dependent HR site.34

Importantly, the left kidney (part of the SR view), a

Table 1: Abdominal focused assessment with sonography for

trauma, triage and tracking (AFAST) template for medical

records

Patient positioning Right or left lateral recumbency (right

preferred)

Gall bladder Present or absent, contour (normal or

not) and wall (normal or not)

Urinary bladder Present or absent, contour (normal or

not) and wall (normal or not)

Diaphragmatico-hepatic (DH) view

Pleural fluid Present or absent (mild, moderate,

severe)

Pericardial fluid Present or absent (mild, moderate,

severe)

Positive or negative (0 negative, 1 positive)

Diaphragmatico-hepatic site 0 or 1

Spleno-renal site 0 or 1

Cysto-colic site 0 or 1

Hepato-renal site 0 or 1

Abdominal fluid score: 0–4 (0 negative all quadrants to a maximum score

of 4 positive all quadrants)

The FAST exam is an ultrasound scan used to detect the presence of free

abdominal fluid and other conditions as a screening test in order to better

direct resuscitation efforts and patient care. FAST allows indirect assess-

ment for evidence of intraabdominal injury or disease and intrathoracic

injury or disease. The FAST exam is not intended to replace a formal

diagnostic ultrasound exam of the abdomen.

Figure 2: Depiction of the 4-point abdominal focused assess-

ment with sonography for trauma, triage and tracking (AFAST),

protocol performed in right lateral recumbency beginning at the

diaphragmatico-hepatic (DH) view, followed by the spleno-re-

nal view (SR), the cysto-colic view (CC), and completed at the

hepato-renal view (HR). Direction (arrows) and order of AFAST

exam (numbered ultrasound probes) are illustrated.
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window into its respective retroperitoneal space, and

the gall bladder (part of the DH view) are readily im-

aged in right lateral recumbency, ie, the left kidney is

not obscured by the rib cage (as is the more cranially

located right kidney); and the gall bladder (located to

the right of midline) is reliably imaged by directing the

probe laterally toward the table top.
The author’s suggested HR site, which is the most

gravity-dependent site in right lateral recumbency, has

been modified from use in people (Morison’s pouch).

Because dogs are laterally compressed, the right kidney

and right lateral lobe of the liver are usually less ac-

cessible because they are located under the caudal rib

cage in contrast to human anatomy. Thus, the HR target

organs are not routinely pursued during AFAST, but
rather, at the HR view, loops of the gastrointestinal tract

are more typically imaged being in the most gravity-

dependent region of AFAST. In cases in which the right

retroperitoneal space needs imaging due to suspected

occult hemorrhage or urine leakage, the right kidney

and its associated fossa, are more aggressively pursued

often necessitating moving the patient to left lateral or

degrees of dorsal recumbency. Clinicians should keep
in mind, however, that many injured dogs are less tol-

erant of more dorsal positioning and the extended du-

ration of the exam needed to acquire the respective

target organs (right kidney and its renal fossa of the

caudate liver lobe). As the HR view is the most gravity-

dependent site (in right lateral recumbency) when

positive, it is the most appropriate site to perform ab-

dominocentesis for fluid characterization while at the
same time completing the AFAST exam. In lower-scoring

dogs, however, abdominocentesis may be performed at

any positive site at the attending veterinarian’s discre-

tion. Noteworthy, the most common positive sites in

lower-scoring dogs (AFS 1) appear to be the DH and

cysto-colic nongravity dependent views,34 and these

may be important considerations for AFAST training.

Dorsal recumbency should be avoided for AFAST
examinations. The published abdominal fluid scoring

system30 was not designed to be performed in dogs in

dorsal recumbency and in general is more stressful to

the dog because it requires more restraint and poten-

tially compromises breathing in traumatized dogs that

commonly have thoracic injury.33,37,68,91–95

The use of a standardized template for medical

records makes AFAST findings clinically relevant
(Table 1). Both patient score (AFS 0–4) and the location

of positive sites should be documented within the re-

cord. It seems logical that in dogs with AFS of 1 or 2, the

respective positive sites would suggest origin of injury,

and thus, may be helpful in the event that surgical ex-

ploration, interventional radiology, or advanced imag-

ing are subsequently pursued. Additional recorded

information should include the presence of an intact

urinary bladder, gall bladder, or the identification of a

diaphragmatic rupture. By routinely recording this in-

formation, it may be possible to relate subsequent find-

ings of imaging, such as radiography, diagnostic US,

CT, or at surgery or necropsy, to AFAST findings. These

suggestions for standardization of the AFAST examin-
ation for veterinary patients are based on the author’s

extensive experience (41,000 exams).

The AFAST Examination in Penetrating Trauma

FAST findings in a prospective human study have

shown low Se (46–48%) and high Sp (94–98%) for in-

traabdominal injury when compared with findings on

local wound exploration, at surgery or on CT.96,97 How-
ever, a positive FAST exam in people is considered sig-

nificant and warrants emergent laparotomy.61,97 The

attending clinician, however, also utilizes information

acquired via physical examination, local exploration of

wounds, radiographic modalities, laparoscopy in deci-

sion making regarding the need for surgery in peo-

ple.96,97 The authors found that AFAST findings as a

first line screening test at triage were less reliable than
findings on physical examination, abdominal radiogra-

phy, and local wound exploration in predicting the

presence of intraabdominal injury and need for emer-

gent exploratory laparotomy; and that AFAST rarely

changed patient management similar to human stud-

ies.96,97 AFAST was applied to the majority of dogs

(41/42) having penetrating trauma (2 gunshot wounds,

1 arrow, and 39 dog attacks) in the TFAST case series of
145 dogs.33 The clinical utility of initial and serial

AFAST use, however, is unknown for this subset of

traumatized veterinary patients and warrants further

investigation because major decision making often in-

volves distinguishing medical from surgical cases and

that the predominant type of penetrating trauma differs

in dogs (bite wounds) from people (projectiles and stab

wounds). Importantly, the attending veterinarian should
be aware of the potential low yield of AFAST and rely on

more traditional guidelines in decision making.98 Until

further research has evaluated the clinical utility in this

subset of patients, AFAST should probably be consid-

ered an ancillary test due to its low Se for detecting

injury in penetrating abdominal trauma.

Both the human and veterinary literature describe

the sonographic diagnosis of pneumoperitoneum, as an
indication for emergent exploratory laparotomy.99,100

Such surveillance is not an objective of AFAST; how-

ever, the sonographic appearance of pneumoperito-

neum should be included in AFAST training because

sonography does not transmit through air and its pres-

ence would potentially confound the study. Moreover,
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the prompt recognition or suspicion of pneumoperito-

neum during an AFAST exam would potentially have a

positive effect in patient management, eg, prompt an

abdominal radiograph or an emergent exploratory la-

parotomy. Lateral recumbency or dorsal recumbency

with laterally directed imaging is preferred by veteri-

nary radiologists when pneumoperitoneum is present
to avoid air because it rises and interferes with

sonographic examination. Pneumoperitoneum may

also occur iatrogenically, eg, postabdominal surgery,

laparoscopy, interventional radiology, percutaneous bi-

opsy, DPL, abdominocentesis. Thus, it seems plausible

that with patients positioned in right lateral recum-

bency, the nongravity dependent SR (HR in left lateral

recumbency) views would lend themselves for the de-
tection of free-IP air. There is no information regarding

the Se and Sp for the detection of pneumoperitoneum

using sonography or comparing imaging modalities, or

patient positioning. The limitations posed by free air

and the sonographic diagnosis of pneumoperitoneum

warrant further study. In contrast to the limited use-

fulness and unreliability of radiography in blunt

trauma,34 radiography remains an integral part of all
penetrating trauma evaluations.98 In summary, pene-

trating trauma evaluations should include radiographic

examination, and possibly serial AFAST examinations

to aid in decision making.

The AFAST Examination in Nontraumatic Cases

In dogs that present for nontraumatic signs such as

collapse, episodic weakness or disorientation without
clear seizure activity, and undifferentiated hypotension,

the use of the FAST and bedside sonographic tech-

niques are invaluable for rapid detection of potentially

life-threatening problems.43,65 In the author’s experi-

ence, many of these patients will have nonspecific find-

ings based on physical examination, laboratory, and

radiographic imaging, but will have pathology rapidly

diagnosed on triage by an AFAST exam. Results of an
AFAST provide the attending clinician with an exten-

sion of the physical examination and expedites the

timely diagnosis of many conditions often delayed or

missed by traditional means, eg, hemoperitoneum,55

hemothorax, acute cardiac tamponade, ruptured vis-

cous, acute peritonitis, and anaphylaxis (thickened gall

bladder wall).101

A good example where FAST exams may be appli-
cable in nontraumatic cases is in patients with acute

cardiac tamponade. This condition is often under-rec-

ognized by physical examination or thoracic radiogra-

phy, but readily diagnosed using US.1,16,20,102,103 In

these patients, if cardiac tamponade is not detected and

the need for pericardiocentesis overlooked, then fluid

resuscitation may lead to rapid deterioration. Perform-

ing an additional TFAST exam may provide the attend-

ing clinician not only with the rapid diagnosis of

cardiac tamponade, but additionally enable the identi-

fication of comorbidities such as ascites, pleural effu-

sion, and pulmonary edema. The information obtained

through the combination FAST examination of both
body cavities has the potential to guide clinical course.

The FAST techniques may also be used to preempt a

formal diagnostic US analogous to a cursory physical

exam at triage preempting a full physical examination.

Lastly, FAST examinations may be used for monitoring

the progression and resolution of otherwise occult

or unrecognized conditions by traditional means in

trauma and nontraumatic patients. The extension of
the physical examination provided by point-of-care

sonography including FAST techniques have been

shown to positively affect patient management and

outcome in people.5,6,16,29,104

With the advent of FAST examinations, the yield of

abdominocentesis has improved dramatically com-

pared with the previously reported success rate

obtained via a 4-quadrant blind abdominocentesis
(94–97% versus 50–78%, respectively).34,37,66,67,105,106 In

cases where the fluid pocket is too small or in a location

that cannot be safely aspirated, DPL is a diagnostic

alternative. The attending clinician, however, should

realize that DPL usage may confound subsequent

imaging by the iatrogenic placement of fluid and

possibly air into the peritoneal cavity.1,107 The ability

to perform serial FAST examinations to monitor
effusions and continue to fluid score patients is an-

other advantage.

Pneumoperitoneum, an indication for emergent sur-

gical intervention, may also be detected by US99,100 and

warrants further study. In a retrospective case series of

dogs and cats with gastrointestinal perforation, 37% of

patients (7/19) had free-IP air detected by supervised

radiology residents or board-certified veterinary radi-
ologists.100 Despite the expertise required for reliable

US diagnosis of pneumoperitoneum, it behooves the

attending clinician performing AFAST to be cognizant

of artifacts created by free IP air because its presence

may confound the exam quality. Lastly, postoperative

high-risk cases for peritonitis, eg, postoperative gastro-

intestinal surgery patients, or those recovering from

gall bladder surgery or urogenital surgery, may be
monitored in a similar manner by recording positive

sites and using serial AFS scoring. Performing AFAST

scans gives the attending clinician the opportunity to

detect complications early and the location of AFAST-

positive sites may suggest the source of pathology.

Monitoring patients with serial AFS could potentially

prompt changes in patient management and allow
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expedient management of emerging complications. The

use of AFAST for ‘Tracking’ or monitoring clinical con-

ditions warrants further study in various subsets of

critically ill veterinary patients.

The AFAST Advantage Over Physical Examination,
Abdominal Radiography, DPL, and CT

Historically, clinicians have based the diagnosis of trau-

matic hemoperitoneum unreliably on clinical suspicion,

physical examination, laboratory findings, and abdom-

inal radiography1,4,16,30,33–36,47–53,88,107 with definitive

diagnosis based on abdominocentesis and fluid char-

acterization.30,33,54,72 Although physical examination

and laboratory findings have been compared between
AFAST-negative and AFAST-positive dogs, such differ-

ences generally are not clinically helpful,30,54 especially

regarding dogs with lower AFS scores because

many compensate and are hemodynamically stable

despite hemorrhage.30,47 Regarding DPL, FAST has

nearly replaced this technique at most human trauma

centers.2,4,11–15 Importantly, clinicians should be aware

that the use of DPL potentially limits the clinical utility
of subsequent physical examination findings and ad-

vanced imaging because of possible abdominal wall

pain, inadvertent puncture of intraabdominal organs,

and the introduction of free fluid or air into the abdo-

men.1,107 FAST is commonly used for screening patient

need for CT, which remains the gold standard for the

detection of intraabdominal injury in human patients

because it has the highest Se and Sp for free fluid and
importantly parenchymal injuries when compared with

other modalities.16 CT has several significant limita-

tions, however, including availability, nonportability,

amenability to serial exams, radiation exposure limiting

patient interaction, to name a few. Moreover, the patient

must be hemodynamically stable for transport4; and

complications during transit are well known to occur in

human hospitals.29 Confirmatory CT studies may also
require the use of contrast medium and thereby pose

further risk to traumatized patients.108–110 Finally, CT

has been regarded as overly sensitive in detecting clin-

ically irrelevant injury, called CTomas, leading to un-

warranted interventions.1,5,83

Limitations, Pitfalls, and Conclusions for AFAST
Training and Serial Use

Demonstrating clinical competency at performing FAST

remains controversial in people with a wide range of

suggested number of exams (50–400 exams) required to

be performed to demonstrate proficiency in this tech-

nique.111 Recommendations for training include lecture

time, hands-on training, followed by proctored exams

on actual patients in the clinical setting.16,20,30,31,111–113

In the study by Shackford et al,111 a detailed protocol

was implemented which factored in prevalence of dis-

ease, initial operator performance, Se, Sp, error rate,

and determined the need for follow-up training and

the required number of exams for operator to gain pro-

ficiency at the techniques. It appears that this also
depends on the individual’s previous US experience

and in one’s learning curve.111

It is important that training programs for veterinar-

ians similarly acknowledge limitations of the technique

including its potential for false positives and false neg-

atives relative to the respective FAST sites and the pos-

sibility of inconclusive exams.1,20,111,114 Briefly, false

positive AFAST scans are most common at the DH and
SR sites in the author’s experience in proctoring exam-

inations by colleagues. At the DH view, the gall bladder

and the common bile duct can appear as hypoechoic,

sharp angles, similar to free fluid depending on the

plane of imaging. Similarly, hepatic veins, especially

when congested as a result of both trauma and non-

trauma–related conditions, and the caudal vena cava

may be mistaken for free abdominal and pleural fluid,
respectively. With adequate training via established

veterinary guidelines created similar to those in human

medicine, these obstacles can easily be overcome. At the

SR view, bowel loops and adjacent great vessels and

their tributaries may appear as hypoechoic linear

stripes20 or sharp-angled triangles suggesting free fluid.

Use of color Doppler mode,115 when available, can help

discern free fluid from vascular structures, but this is
often unnecessary if suspect areas are evaluated care-

fully by tracing their course. In people, false positives

most commonly involve retroperitoneal hemorrhage

mistaken for free intraabdominal fluid. This is because

humans undergoing FAST exams are placed in the su-

pine position and are anatomically flattened in an an-

terior-posterior manner. As a result, the peritoneal and

retroperitoneal spaces are in greater proximity to one
another in contrast to dogs that are placed in lateral

recumbency and are anatomically compressed in a lat-

eral manner. Because of these differences the distinction

between the 2 spaces may be less problematic in dogs.

To the author’s knowledge, no studies have been per-

formed evaluating Se and Sp for the sonographic

detection of retroperitoneal fluid. In addition, the

intrapelvic region in people is a common site of major
hemorrhage missed by FAST examination.116,117 To

the author’s knowledge, significant pelvic bleeding

causing anemia has not been reported in dogs;

however, the complication does occur in cats.118

Finally, inconclusive FAST exams may occur in obese

people or those with subcutaneous emphysema.1 Al-

though this has not been formally studied in veterinary
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patients, this has not been a significant limitation in the

author’s experience.

In summary, a serial 4-hour post initial AFAST is rec-

ommended similar to human guidelines85 in all stable

hospitalized patients due to the fact that placing human

patients on even modest rates of fluid therapy has the

potential to exacerbate occult hemorrhage or low-grade
hemorrhage; and in veterinary patients serial AFAST al-

lows semiquantifying degrees of hemorrhage by com-

paring initial and serial AFS.55,119–122 Moreover, the serial

exam increases the Se of FAST and may positively im-

pact patient outcome.1,5,6,84 Serial AFAST examinations

allow clinicians to monitor for ongoing hemorrhage (eg,

increasing AFS) and possibly its resolution (eg, decreas-

ing AFS). Based on findings by Lisciandro et al,34 in
which dogs with pneumothorax and pelvic fractures

were often AFAST positive on initial exam, or more

likely to become positive on the serial exams than dogs

without these injuries, it may be appropriate that dogs

with these types of injuries warrant a serial AFAST sur-

vey to evaluate for developing hemoperitoneum even

when AFAST negative on initial exam.

The Development of TFAST

Interestingly, Boysen et al37 found that intrathoracic

trauma (eg, pleural effusion) could be identified from

the traditional FAST exam using the subxiphoid site (DH

view) as a window into the pleural and pericardial

spaces.37 This corresponds to findings in human studies

which have demonstrated the subxiphoid site to have

excellent Se and Sp and to be superior to thoracic radi-
ography for the detection of pleural and pericardial effu-

sions (PE).1,2,8,9,16,21–26,102,103,123–125 Because of anatomical

differences in thoracic cavities of people and dogs, there

are important implications to be aware. For example, the

heart rests on the diaphragm in people but not reliably in

dogs. Thus, the subxiphoid site in veterinary patients has

inherent limitations. This location, the AFAST DH view,

is helpful for the detection of pleural and pericardial
fluid based on the author’s experience; however, addi-

tional studies comparing imaging modalities are war-

ranted. The value of this site for the detection of

pneumothorax has not been evaluated. In 2005, Liscian-

dro et al33 set out to investigate whether they could de-

velop a clinically relevant TFAST protocol to complement

the AFAST exam for rapid global patient evaluation.

The reluctance to adopt the use of US to evaluate
the thorax in people and small animals has historically

related to the belief that air was an insurmountable ob-

stacle to proper imaging.21,22,126–128 Because the diag-

nosis of pneumothorax relies on the interpretation of

artifacts and not actual imaging of lung parenchyma,

inaccurate and confusing descriptions regarding the US

assisted diagnosis of pneumothorax in people have

been published.21,22,114,129,130 The use of US for the

identification of pneumothorax has only recently been

accurately described in people.21,22,27 It was also be-

lieved that the ultrasonographic diagnosis of pneumo-

thorax was an ‘all-or-none’ phenomenon.21,22,131,132 In

other words, only the presence but not the degree of
pneumothorax (partial versus massive) could be deter-

mined, and therefore, the information was of limited

clinical use.21,22,130

Since 2001, Kirkpatrick and colleagues have pub-

lished several studies on an ‘extended FAST’ examin-

ation, which utilizes US to diagnose pneumothorax, the

number 1 most preventable cause of death in human

trauma patients.23–26,133 In 2005, Lichtenstein et al131

described using the ‘lung point’ to assess the degree of

pneumothorax (partial versus massive) present.131 This

was a major step forward in promoting thoracic US use

in people with trauma21,22,131,132 and as a result, the use

of US to diagnose pneumothorax has become more

commonplace in human medicine not only in trauma,

but nontraumatized, and critically ill patients as

well.21,22 Similarly, small animal veterinary clinicians
have largely underutilized lung US despite being a

well-known clinical application in large animal medi-

cine for more than 20 years.134–139 Currently, lung US is

being favorably compared with CT in both traumatized

people8–10,21,23–26,123–125,140–142 and also in respiratory

compromised patients in both the emergency and crit-

ical care settings.21,22,27,28,39,143–145 It appears that in fact,

US-diagnosed pneumothorax may have superior Se and
Sp compared with thoracic radiography.1,8,10,139,146–149 In

human medicine, thoracic radiography performs

poorly in the diagnosis of trauma-induced pneumo-

thorax missing up to 55–72% of cases. Pneumothorax

found on CT but missed by radiography is referred to

as ‘occult pneumothorax.’10,21,140,146,150

The use of thoracic sonography is emerging as a re-

liable tool to aid in the diagnosis of pulmonary con-
tusions, cardiogenic and noncardiogenic pulmonary

edema, acute respiratory distress syndrome, pneumo-

nia, and pulmonary thromboembolism with high Se

and Sp when compared with CT.27,28,39,143,151,152 Lung

US has many advantages: It is a point-of-care technique

that is radiation sparing, it can be rapidly and safely

applied in serial fashion, and lastly, it is noninvasive

and performs better (higher Se) that thoracic radiogra-
phy in many pulmonary conditions.22,29,39,140,152 The

author has used the complete TFAST technique in a

variety of clinical conditions including pulmonary con-

tusions, cardiogenic and noncardiogenic pulmonary

edema, and pneumothorax. In addition, the author has

been able to follow the resolution or recurrence of

pneumothorax,33 pleural and PE, cardiogenic and non-

& Veterinary Emergency and Critical Care Society 2011, doi: 10.1111/j.1476-4431.2011.00626.x112

G.R. Lisciandro



cardiogenic pulmonary edema, through serial monitor-

ing using the TFAST.

Evolution of the TFAST Exam

The TFAST examination originally included 4 views33

including the right and left chest tube site (CTS) for

pneumothorax, and the right and left pericardial sites

(PCS) for pericardial and pleural fluid and estimation of

volume status (Figure 3).33 Unlike the AFAST examin-

ation, where the patient is positioned in lateral recum-

bency for the exam, TFAST may be performed in lateral

or sternal recumbency, which is generally less stressful

and safer for respiratory compromised patients. More-
over, sternal recumbency is used to assess the degree of

pneumothorax by searching for the so called ‘lung

point.’ Dorsal recumbency is not advised because this

positioning can be dangerous in patients with respira-

tory distress. As with the AFAST examination, the fur is

not clipped, but is parted and wetted with alcohol.

The currently used TFAST exam by the author in-

cludes 5 views with the addition of the AFAST DH site
because of its increased Se for the presence of pleural

and PE in people.1,20,102,103 In fact, the view has highest

Se and Sp, for the diagnosis of PE in people.123 The CTS

is the first site evaluated during the examination and is

performed on both the right and left sides of the pa-

tient. This CTS site is familiar to emergency and critical

care veterinarians as the highest outward point (sev-

enth or eighth intercostal spaces) of the dog’s thorax

dorsal to the xiphiod where a chest tube would be

placed. The CTS is a stationary view whereas all other

TFAST (and AFAST) views are dynamic with fanning of
the probe; and is examined with the probe held hor-

izontally for the greatest degree of interface between

the lung and chest wall, or more specifically, the pari-

etal (chest wall) and visceral (lung) pleura. The ribs and

their respective hypoechoic shadows are identified as

landmarks to locate the pleural-pulmonary interface

(PP-line) representing the strong interface between US

and air. Together the ribs and PP-line create the appro-
priate orientation for observing the ‘glide sign.’21,22,33

The glide sign can be described as the normal to-and-

fro motion of the lung gliding along the chest wall, and

it is observed when there is no pleural space, pulmo-

nary, or chest wall pathology present.127 The PP-line is

not to be confused by subsequent equidistant A-line

artifacts through the far field (Figure 4) or obscured by

SC air (Figure 5).21,22,33 Using B-mode, still images in
the absence of pulmonary or pleural space disease or

chest wall trauma appear identical for the normal view

and pneumothorax.21–23,26,33 US-diagnosed pneumo-

thorax is immediately ruled out by the presence of

lung rockets (also referred to as comet tail artifacts or B-

lines).21,27,28,33,39,143,153 Ultrasound lung rockets (ULRs)

are defined as hyperechoic lines originating from the

PP-line. They must obliterate A-lines, extend to the far
field, and move in a pendulous fashion with inspiration

and expiration.21–23,27,33,39,143,153 In summary, US-diag-

nosed pneumothorax is a real time, hands-on technique

that is ruled out if the glide sign or ULRs are observed

(Figure 6). In the author’s experience, CTS views are the

best TFAST sites for diagnosing pneumothorax and for

screening for lung pathology. It also provides the ability

for rapid diagnosis of pulmonary contusions when
ULRs are observed in trauma patients.154 Other injury

is suspected when the ‘step sign,’ a deviation from the

normal linear continuity of the PP-line, is observed.

This may include intercostal tears, rib fractures, hemo-

thorax (ventrally positioned PCS is a better view), and

diaphragmatic rupture. These TFAST findings have

been described previously and illustrated.33 Finally, the

‘lung point,’ where the lung resumes contact with the
chest wall, can be identified by moving the probe ven-

trally along the thorax to determine the degree of

pneumothorax with the patient placed in sternal re-

cumbency (Figure 7).

Following the examination of the CTS views, the left

and right PCS are examined. These sites are similar to

the parasternal views for echocardiography. The PCS

Figure 3: Depiction of the new modified 5-point thoracic fo-

cused assessment with sonography for trauma, triage and

tracking (TFAST) protocol performed in right lateral or sternal

(safer position for compromised patients) recumbency consist-

ing of bilateral chest tube site (CTS) views, pericardial site (PCS)

views, and the diaphragmatico-hepatic (DH) view. At the CTS

view, the ultrasound (US) probe is held only horizontally in

stationary fashion for evaluation of the presence of glide sign or

lung rockets each excluding pneumothorax (bold solid line with

no arrows). At the PCS view, the US probe is moved through the

short- and long-axis views to rule out pleural and pericardial fluid

(bold lines with arrows). The DH view, the fifth point, is used to

detect the presence of pleural and pericardial fluid. Note that as

depicted only 4 of the 5 TFAST views are imaged in lateral re-

cumbency. The opposing (right side) CTS view (not shown) is

imaged once the patient is moved to sternal recumbency.
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views are located caudal to the point of the elbow or

often rapidly detected adjacent to the point where the

heart beat is palpated through the thoracic wall. At

these sites, the ventral thoracic cavity is scanned for
pleural fluid and the pericardial sac for PE. Also, eval-

uation of volume status may be subjectively made by

the left ventricular short-axis view, the ‘mushroom

view,’ and can also be serially monitored noninvasively

as the patient is resuscitated.a,155,156

Finally, TFAST should include the AFAST DH site.

The author strongly recommends the ‘new’ 5-point

standardized TFAST exam. The DH view has less lung
interference (air) and the liver and gall bladder serve as

acoustic windows into the thoracic cavity. The veteri-

nary DH may prove a more sensitive site for detection

of intrathoracic effusions (pleural and PE) than the PCS

view.2,9,104,123–125 With further study, the DH view may

also prove helpful with the diagnosis of pneumothorax
because a glide sign exists between the lung and pleu-

ral surface of the diaphragm. Through experience the

author has found that most degrees of PE including

acute cardiac tamponade can be readily detected via the

DH view. A standardized template for TFAST examin-

ation is proposed on (Table 2).

The Clinical Applications of TFAST in Blunt and
Penetrating Trauma

In a clinical prospective study published in 2008, a 4-
point TFAST exam was applied to 145 traumatized

Figure 5: CTS view of the thoracic focused assessment with

sonography for trauma, triage and tracking (TFAST) exam in

which orientation of the ‘bat sign’ is not possible due to inter-

ference from SQE; thus, study is nondiagnostic. Gentle pressure

at the probe-skin interface often displaces SQE and allows for

proper orientation and TFAST examination in most instances.

CTS, chest tube site; SQE, subcutaneous emphysema.

Figure 6: CTS view of the thoracic focused assessment with

sonography for trauma, triage and tracking (TFAST) exam illus-

trating lung rockets (also referred to as comet tail artifacts or B-

lines) that must extend from the pulmonary-pleural interface to

the far field obliterating A-lines (reverberation artifact) as echo-

genic streaks that oscillate (bold arrows) with inspiration and

expiration. Their presence rapidly rules out pneumothorax and

may represent interstitial syndrome (interlobar edema or ‘wet

lungs’). CTS, chest tube site; RS, rib shadow; PTX, pneumothorax.

Figure 4: (a) Normal B-mode still image CTS view orientation for thoracic focused assessment with sonography for trauma, triage and

tracking (TFAST). The ‘bat sign’ composed of adjacent ribs with the PP-line (bright white line) interposed between, is likened to a flying

bat. Along the PP-line, the presence of a glide sign indicates normal apposition of lung against the thoracic wall, thus ruling out

pneumothorax. The bold white arrows indicate motion to and fro during inspiration and expiration (bold line with arrows, glide sign).

(b) CTS view illustrating pneumothorax, where the glide sign is absent, as a real-time finding, depicted by lack of arrows along the PP-

line. Note: B-mode still images are identical to illustrate that a normal PP-line is indistinguishable from the presence of free pleural air;

and the dynamic presence or absence of the glide sign is the distinguishing feature between a normal pleural space and pneumothorax.

CTS, chest tube site; PTX, pneumothorax; RS, rib shadow; A-line, air reverberation artifact; PP-line, pulmonary-pleural interface.
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dogs.33 Of these patients, 103 incurred blunt trauma,

(primarily HBC, n 5 93) and the remaining 42 dogs

incurred penetrating trauma cases (primarily bite

wounds, n 5 39). Authors found high overall accuracy

(90%) and Sp (93%), but poorer Se (78%) in the detec-

tion of pneumothorax when compared with thoracic
radiography.33 They concluded that in anxious, painful,

panting dogs, especially HBC dogs, observation of the

glide sign, which rules out pneumothorax was more

problematic. More specifically, the to-and-fro horizontal

movement of the lung against the thoracic wall, the

glide sign, was difficult to observe in dogs with rapid,

shallow breathing especially for less experienced clini-

cians.33 With the presence of lung rockets, pneumotho-

rax is rapidly ruled out because this artifact requires the
absence of free air in the pleural space.33 With experi-

ence, confounding respiratory patterns can often be

overcome with various manipulations of the probe or

patient reevaluation postanalgesia. The higher Se (93%)

and Sp (96%) in cases with penetrating trauma (patients

had slower, deeper breathing pattern) supported their

conclusion.33 Furthermore, proficiency in performing

the TFAST examination requires more experience than
AFAST.29 The nonradiologist veterinarian performing

the most exams (n 5 77), had excellent Se (95%) and

Sp (96%)33 comparable to findings in human stud-

ies.10,27,28,133,149 Similar to the AFAST exam, median

time for a TFAST was 3 minutes, although volume sta-

tus evaluation was not routinely included in all dogs.33

Advanced TFAST

The TFAST technique provides much more information
than the presence or absence of pneumothorax and

other thorax-related injury in traumatized dogs. The

technique is clinically helpful in respiratory compro-

mised patients because US can detect some types of

pulmonary pathology. The major principle lies in the

concept of the wet versus the dry lung; and the major

artifact is the lung rocket.21,22,27,143,153 ULRs, require the

following features: they must arise from the pleural
line, are wedge-shaped, echogenic, extending indefi-

nitely through the far field erasing A-lines, and move

with the glide sign when the glide sign is present (Fig-

ure 6).21,22,27,34,94,134 ULRs represent interstitial syn-

drome, or interlobar edema, and are analogous to

radiographic Kerley B-lines.21,22,27,39,143,153 Importantly,

Figure 7: Cross-sectional canine thoraces depicting the quantification of the degree of pneumothorax as partial or massive by

searching for the lung point with the patient positioned in sternal recumbency (safer than lateral recumbency in compromised

patients). In the absence of the glide sign, lung rockets, or comet tail artifacts, the probe is moved sequentially in a ventral manner as

numerically labeled from dorsal to ventral. (a) Normal thorax in which pneumothorax has been excluded. (b) Pneumothorax has been

identified at position 1 and the lung point at position 2 suggests the pneumothorax to be partial. (c) Pneumothorax has been identified

and a lung point is nonexistent at any of the 3 probe positions, suggesting massive pneumothorax. CTS, chest tube site; PTX,

pneumothorax.

Table 2: Thoracic focused assessment with sonography for

trauma, triage and tracking (TFAST) template for medical records

nCTS glide sign Present (normal) – no pneumothorax or
Absent – Pneumothorax

nCTS lung rockets Present (no PTX) – interstitial lung fluid (edema,

hemorrhage) or

Absent – no interstitial lung fluid (edema,

hemorrhage)
nCTS step sign Present – concurrent thoracic wall trauma (rib

fractures, hematoma, intercostal muscle tear) or

pleural space disease is suspected or
Absent – no concurrent thoracic wall trauma or

pleural space disease is suspected
nPCS view Absent – no pleural or pericardial fluid

Present – pleural or pericardial fluid or both

(mild, moderate, or severe)

Cardiac tamponade Absent

Present

Indeterminate

LV filling (short-axis) Adequate suggesting normovolemia or

Inadequate, suggesting hypovolemia or

Indeterminate
Diaphragmatico-hepatic (DH) view: there is no apparent pericardial or

pleural fluid present or there is pericardial effusion (mild, moderate,

severe) or pleural effusion (mild, moderate, severe)

nRight and left sides are listed in templates for the CTS and PCS views.

The FAST exam is an ultrasound scan used to help detect chest wall, lung,

and pleural and pericardial space problems as a screening test in order to

better direct resuscitation efforts and patient care. FAST is not intended to

replace chest radiographs or formal diagnostic echocardiography.

CTS, chest tube site; PCS, pericardial sac; LV, left ventricle; PTX, pneumo-

thorax.
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the great majority of human lungs with interstitial syn-

drome have disease extending to the periphery of the

lung, thus accessible to US detection.27,28,39,143 Whether

this occurs in dogs is unknown. ULRs are easily

and rapidly recognized by the nonradiologist. Their

presence immediately rules out pneumothorax while

having significant clinical implications for the presence
or absence of various pulmonary conditions. ULRs

can be used both diagnostically and as a therapeutic

monitoring tool in pulmonary, cardiac, and critically ill

patients.22,27,28,39,103,143,152

In trauma cases, the author has found that ULRs at

the TFAST CTS view generally represent pulmonary

contusions similar to findings in people. Pulmonary

contusions may be occult on radiographs, suggesting
that US may possibly be more an Se imaging modality

for this condition.154 In nontraumatic respiratory cases,

ULRs are likewise considered abnormal at the CTS

view and their presence (wet lung) suggests either

cardiogenic or noncardiogenic pulmonary edema. On

the other hand, the absence (dry lung) of ULRs with an

observed glide sign and A-lines makes it doubtful such

conditions are present with high Se and Sp (495%) in
people.22,27,28,39,103,143,151,152 In other words, the TFAST

CTS view may be utilized to determine whether

the lungs are ‘wet’ (presence of ULRs), or ‘dry’ (the

presence of a glide sign and A-lines), or for the presence

of pneumothorax (an absent glide sign with A-lines)

(Figures 8–10).

In the author’s experience, TFAST lung evaluation

has been extremely helpful in case management be-
cause the presence of ULRs prompted diuretic therapy,

reevaluation of fluid therapy, and additional imaging

such as radiographs or echocardiography. Using TFAST

is helpful for patient surveillance of critically ill patients

Figure 8: The CTS view of the thoracic focused assessment with

sonography for trauma, triage and tracking (TFAST) exam. (a)

The line drawing depicts a ‘dry lung’ when a glide sign is

present. The strong ultrasound-air interface creates equidistant

reverberation artifacts extending past the pleural-pulmonary

line (PP-line) called A-lines (A 5 air). The arrows at the PP-line

represent the glide sign. Note these A-lines are present in

pneumothorax, the difference being the observation of the glide

sign. (b) The B-mode still image of ‘dry lung’ when the glide

sign is observed. CTS, chest tube site.

Figure 9: Interstitial syndrome or wet lung in B-mode ultra-

sound at the CTS view of the thoracic focused assessment with

sonography for trauma, triage and tracking (TFAST) exam. (a)

The line drawing depicts a wet lung illustrating lung rockets

that must extend from the pulmonary-pleural interface to the

far field obliterating A-lines (reverberation artifact) as echogenic

streaks that oscillate (bold arrows) like a pendulum with inspi-

ration and expiration. Their presence rapidly rules out pneumo-

thorax but represents interstitial syndrome (interlobar edema or

‘wet lungs’). (b) B-mode ultrasound still image of interstitial

syndrome or wet lung (interlobar edema). CTS, chest tube site;

RS, rib shadow; PTX, pneumothorax.

Figure 10: The ultrasound still image at the CTS view of the tho-

racic focused assessment with sonography for trauma, triage and

tracking (TFAST) exam in M-mode shows a grainy, sandy texture

beginning at the pleural-pulmonary line (PP-line) and extending to

the far field. The B-mode observation of the to-and-fro motion of

the glide sign is replaced by the seashore sign in M-mode and rules

out pneumothorax. In the near field the skin and SC structures are

imaged as bar code lines because there is no movement. The image

obtained via a single crystal handheld device. CTS, chest tube site.
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for both the development and also the resolution of

many pulmonary conditions.22,27,28,143,152 Of note, ULRs

are normally present along the diaphragm at the DH

view and this site is thus not helpful for diagnosing

interstitial syndrome. In addition, the frequency of

ULRs at the ventral TFAST PCS views in normal dogs

and cats has not been evaluated.
By combining wet and dry lung artifacts, it has been

demonstrated recently in people that lung US is clin-

ically helpful for aiding the diagnosis of acute respira-

tory failure. In a prospective study, lung US in adults

had good predictive power for asthma/COPD (Se 89%,

Sp 97%), pulmonary edema (Se 97%, Sp 95%), pulmo-

nary thromboembolism (Se 81%, Sp 99%), pneumotho-

rax (Se 81%, Sp 100%), and pneumonia (Se 89%, Sp
94%) with an overall diagnostic accuracy of 90.5% when

compared with the respective gold standard for diag-

nosis.27 In another similarly designed study using lung

US in neonates, Se and Sp was excellent for the diag-

nosis of chest pathology: 92% and 93% for pleural effu-

sion, 90% and 98% for alveolar consolidation, 93% and

93% for interstitial syndrome, 100% and 96% for com-

plete pneumothorax, and 79% and 100% for radio-
occult pneumothorax.28 Utilizing wet and dry lung

findings, lung US had good correlation with pulmonary

artery occlusion pressures in patients being fluid chal-

lenged at-risk for volume overload and the devel-

opment of pulmonary edema.143 People with a glide

sign and A-lines are unlikely to have pulmonary edema

(Se 97%, Sp 95%).27,143 Lastly, ULRs were shown to be

more sensitive than thoracic radiographs in diagnosing
acute respiratory distress syndrome in a porcine re-

search model157 and ULRs have been used for estimat-

ing the amount of interstitial edema present in

respiratory disease patients.152 This is particularly im-

portant because worsening gas exchange, reduced pul-

monary compliance, and presence of pulmonary

opacities on radiographs are poor indicators of the se-

verity of pulmonary edema; and that positive fluid
balance and pulmonary edema are associated with

worse outcomes in critically ill patients.39 TFAST (and

lung US) via its CTS view (right and left sided) pro-

vides a clinically relevant technique to survey veteri-

nary patients in the emergency and ICU setting. In the

author’s opinion, its use should no longer be limited by

the current mindset, but become an integral part of

emergency and critical care training. Further studies
should focus on its clinical utility in different veterinary

pulmonary conditions.

The Use of TFAST for PE

Since the author’s emergency and critical care practice

has been utilizing TFAST during triage, PE have been

detected far more frequently than previously.

As reported in people, classic signs of PE such as

tachycardia, muffled heart sounds, and increased ve-

nous pressure are easily missed.1,147 In people, clinical

studies using FAST for the detection of PE have shown

excellent Se (100%) and Sp (97–99%)1,20,102,103 with an

accuracy of 97%;102 and the subxiphiod view, compa-
rable to the veterinary DH view, is considered by some,

the diagnostic gold standard.123 In the author’s prac-

tice, PE has been detected by TFAST in many dogs that

presented for collapse or respiratory distress including

cardiac patients, eg, left atrial rupture, in which PE was

undetected on thoracic radiograph and physical exam-

ination findings. In the author’s experience, the mod-

ified 5-point TFAST, using the PCS and DH views,
quickly identifies PE through multiple views and al-

lows for immediate therapeutic intervention such as

pericardiocentesis.

Limitations, Pitfalls, and Conclusions for TFAST

Recognizing potential limitations of TFAST should be

an integral part of training.1,20,114 One of the challenges

identified by Lisciandro et al33 is that the glide sign at
the CTS view can be difficult to assess in panting dogs

due to the rapid lateral movement of the thorax.33

Studies have recently been published regarding the use

of training modules for nonradiologist physicians. In

Noble et al,155 training was easily attained for the di-

agnosis of pneumothorax and the presence of pulmo-

nary edema using lung rockets or comet tail artifacts.155

Recently, a study challenged the Se and Sp for the di-
agnosis of pneumothorax suggesting that with training

using video clips alone, food inspectors and nonmed-

ically trained personnel could be used triage trauma

patients for the presence of pneumothorax.156 The

study design, however, incorporated cadaver pigs with

controlled ventilatory patterns and experimentally in-

duced pneumothorax, a much different scenario than

live traumatized dogs. In summary, thoracic scans re-
quire more training for proficiency relative to AFAST

scans in people20,30,31,112–114 similar to what has been

shown in AFAST and TFAST in dogs.33,34,37

Moreover, in the human literature, it has been

demonstrated that US-diagnosed pneumothorax is a

real-time diagnosis and transmitted video clips are un-

reliable for diagnosing pneumothorax26 and B-mode

still images look identical in normal lungs and those
with pneumothorax.21–23 As a result, alternate tech-

niques have been evaluated to assist in the US diagno-

sis of pneumothorax using M-mode and power

Doppler because both provide still image documenta-

tion.21,22,26 For example, using power Doppler, the

‘power slide’ can be observed with colored pixels along
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the PP-line and be printed for documentation as a still

image ruling out pneumothorax.26 Regarding M-mode,

the ‘seashore sign,’ or the ‘stratosphere sign’ or

‘barcode sign’ can be printed as a still image for doc-

umenting the absence of or the presence of pneumo-

thorax, respectively (Figures 11 and 12).21,22,27 In the

author’s experience, neither M-mode nor power Dopp-

ler using real-time US appears reliably helpful in spon-

taneously ventilating traumatized dogs and cats due to

patient thoracic wall movement. These techniques may

be helpful, however, in patients with controlled breath-

ing patterns (intubated positive-pressure ventilation or

mechanical ventilation). Finally, regarding the detection
of PE in people, concurrent hemothorax and hem-

omediastinum can lead to false negatives with pene-

trating wounds because it is difficult to determine the

fluid location. It is recommended that the FAST exam-

ination be repeated serially after thoracocentesis.103

Training for TFAST must include principles to distin-

guish pathological findings from artifact or normal

structures. Examples of common mistakes due to inex-
perience include difficulty distinguishing pleural and

pericardial spaces,158 and mistaking variations in size

and symmetry of the right ventricular papillary mus-

cles as abnormal.159,160

Summary of the Clinical Utility and Future
Applications of Veterinary FAST

The author’s emergency and critical care practice has
performed over 2,500 FAST exams since 2005. The ap-

plications of the veterinary FAST techniques extend

beyond trauma to include triage and tracking; and

proficiency by nonradiologists has been clearly

demonstrated. The proposed standardized technique

for AFAST and its applied fluid scoring system, and

TFAST, provide global quad-cavity (abdomen, retro-

peritoneal, pleural, and pericardial spaces) patient eval-
uation called combination FAST (CFAST) when both

studies are performed in concert. The clinical utility of

these veterinary techniques, however, provides far

more clinical information than originally thought with

Figure 11: The ultrasound still image in M-mode at the CTS

view of the thoracic focused assessment with sonography for

trauma, triage and tracking (TFAST) exam depicting the ‘bar

code sign.’ In the near field the skin and SC structures are im-

aged as bar code lines because there is no movement. In

pneumothorax, the distinct bar code lines continue through the

far field. Image obtained via a single crystal handheld device.

CTS, chest tube site.

Figure 12: The ultrasound image at the CTS view of the thoracic focused assessment with sonography for trauma, triage and tracking

(TFAST) exam in B-mode (a) and M-mode (b) of lung rockets (‘wet lung’ or interlobar edema), when present rapidly rule out

pneumothorax. The near field in B-mode has the bat sign present with rib shadows and the bright white pleural-pulmonary line (PP-

line) from which the ‘lung rockets’ originate. The near field in M-mode of skin and SC structures lack movement, thus are imaged as

bar code lines. Image obtained via a single crystal handheld device. CTS, chest tube site.
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many applications in the emergent and critical care

setting. Serial AFAST with the application of abdominal

fluid scoring system provides a measure for detecting

and monitoring cases at-risk for any effusive conditions

in the initial and subsequent phases of care including

postoperative patients. Serial TFAST likewise allows

subsequent tracking (monitoring) for resolution or re-
currence of pneumothorax and effusive conditions of

the pleural and pericardial spaces. The veterinary FAST

techniques may as yet prove valuable in aiding

evaluation of patient volume status (pre- and postresus-

citation), renal perfusion, lung pathology, and differen-

tiating pulmonary from cardiac disease, to name a

few.63,161,162 These FAST techniques are cost effective,

radiation sparing, and rapidly provide important clin-
ical information. Used initially and serially, veterinary

FAST potentially expedites diagnosis and prompts in-

terventions that would have otherwise been delayed or

omitted altogether.
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