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Objective

To evaluate both institutional and individual learning curves
with focused abdominal ultrasound for trauma (FAST) by an-
alyzing the incidence of diagnostic inaccuracies as a func-
tion of examiner experience for a group of trauma surgeons
performing the study in the setting of an urban level |
trauma center.

Summary Background Data

Trauma surgeons are routinely using FAST to evaluate pa-
tients with blunt trauma for hemoperitoneum. The volume of
experience required for practicing trauma surgeons to be able
to perform this examination with a reproducible level of accu-
racy has not been fully defined.

Methods

The authors reviewed prospectively gathered data for all pa-
tients undergoing FAST for blunt trauma during a 30-month
period. All FAST interpretations were validated by at least one
of four methods: computed tomography, diagnostic perito-
neal lavage, celiotomy, or serial clinical evaluations. Cumula-
tive sum (CUSUM) analysis was used to describe the learn-
ing curves for each individual surgeon at target accuracy
rates of 85%, 90%, and 95% and for the institution as a

whole at target examination accuracy rates of 85%, 90%,
95%, and 98%.

Results

Five trauma surgeons performed 546 FAST examinations dur-
ing the study period. CUSUM analysis of the aggregate expe-
rience revealed that the examiners as a group exceeded 90%
accuracy at the outset of clinical examination. The level of ac-
curacy did not improve with either increased frequency of per-
formance or total examination experience. The accuracy rates
observed for each trauma surgeon ranged from 87% to 98%.
The surgeon with the highest accuracy rate performed the
fewest examinations. No practitioner demonstrated improved
accuracy with increased experience.

Conclusions

Trauma surgeons who are newly trained in the use of FAST
can achieve an overall accuracy rate of at least 90% from the
outset of clinical experience with this modality. Interexaminer
variations in accuracy rates, which are observed above this
level of performance, are probably related more to issues sur-
rounding patient selection and inherent limitations of the ex-
amination in certain populations than to practitioner errors in
the performance or interpretation of the study.

Prompt identification of significant intraperitoneal hem-puted tomography (CT) have been considered the standard
orrhage in injured patients remains a diagnostic challengenodalities for the evaluation of blunt abdominal traut.
Until recently, diagnostic peritoneal lavage (DPL) and comDPL is overly sensitive, with reported false-negative rates
after laparotomy as high as 30%CT scanning provides
precise information about the severity of solid organ injuries
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initial evaluation of the injured patient. It has been used withCUSUM analysis was used to assess both institutional and
increasing frequency in American trauma centers during thexaminer-specific accuracy rates with FAST as a function of
past decade. experience performing the examination.
As surgeons begin to use a diagnostic modality that has
tradltlonally beep considered Fo be a rgdlologlc gxamma_METHODS
tion, what constitutes appropriate training for satisfactory
performance of the study by nonradiologist practitioners This study was conducted with the approval of the Insti-
remains the source of considerable debate. Radiologistsitional Review Board at the University of Cincinnati Col-
have stated that 3 months of formal training and 300 examlege of Medicine. The trauma service began using FAST for
inations are necessary to become proficient at ultrasonoghe evaluation of hemoperitoneum in blunt trauma at our
raphy! Although such a volume of experience may belevel 1 trauma center on Feb. 1, 1996. Interpretation of all
required to develop comprehensive ultrasound evaluatioRAST examinations performed by the trauma surgeons were
skills, this estimate does not take into account either theecorded and prospectively gathered by the trauma registrar.
focused nature of FAST or the previous training and expeAll examinations were performed according to the tech-
rience of trauma surgeons in correlating radiographic anaiques described by Rozycki et& Briefly, this included a
clinical findings in injured patients. High levels of sensitiv- pericardial, right upper quadrant, left upper quadrant, and
ity and specificity have been reported for FAST examina-pelvic view. Injury severity score (IS3§,abdominal abbre-
tions performed by surgeons with much more modest levelsiated injury scoré&; revised trauma scoré,and the pres-
of experience with the techniqde®® ence of shock were used to determine selection bias among
The extent of examiner training in ultrasonography hasindividual examiners. For purposes of this study, only
varied in most published studies. Tso et'alsed a mini- FAST examinations performed or supervised by one of five
mum training of only 1 hour of didactic instruction and 1 attending trauma surgeons were evaluated. An abdominal
hour of practical experience. They prospectively studiedCT scan, DPL, findings at celiotomy, or observation with
163 patients and reported a sensitivity of 91% and a specserial physical examinations was used to validate the ultra-
ificity of 96%. Rozycki et at* developed a curriculum sound readings for the presence or absence of hemoperito-
totaling 32 hours of instruction. The group of surgeonsneum. DPL was performed using a semiopen technique. The
studied after completion of this course performed FASTresult was considered positive if there was aspiration of bile,
examinations on 1,540 patients with a sensitivity of 83%enteric content, or more than 10 mL blood; drainage of
and a specificity of 99%. lavage fluid by a chest tube or urinary catheter; a red blood
Several studies have sought to identify a learning curveell count greater than 100,000/mnor a white cell count
for FAST. Ma et al® proposed that 50 examinations were more than 500/mm?3
necessary. Smith et*dlrecommended that only 25 exami-
nations were required for competency in their study examSurgeon Training
ining sensitivity and specificity in four 6-month increments.
A recent study by Shackford et'alproposed that as few as  All surgeons successfully completed the postgraduate
10 procedures are necessary to establish competency. Adburse for FAST sponsored by the Eastern Association for
these studies define “competency” by different methods othe Surgery of Trauma before examining patients. Four of
analysis. Shackford et al used error rates, while other¢he five attendings participated in additional on-campus
looked at a plateau of sensitivity and specificity. training in ultrasonography, which included 8 hours of
Cumulative sum analysis (CUSUM) is used by engineerslassroom instruction from a staff radiologist, a practice
to monitor the performance of machinery and identify pos-session using a patient with renal failure receiving contin-
sible malfunctions. It provides a visual, objective demon-uous ambulatory peritoneal dialysis, and patient scans in the
stration of performance accuracy on a case-to-case basismergency care center with proctoring by full-time radiol-
CUSUM has been used to evaluate a practitioner’s initiabgy staff. The first 50 examinations performed by each
and continued successful performance of procedures inclugurgeon were recorded and reviewed by a board-certified
ing colonoscopy? endoscopic retrograde cholangiopancre-radiologist masked to the clinical history and surgeon’s
atography’’ the technical skills of surgical residerifsand  interpretation.
completion of a cholangiogram during laparoscopic chole-
cystectomy*® After establishing a target Success rate, praC- ¢: . s:
. ) . - Definitions
titioners can plot their consecutive successes and failures.

Failure to maintain a predetermined success rate may indi- For purposes of comparing sensitivity and specificity,
cate the need for additional training. FAST observations were classified as true negative, true
The purpose of this study was to estimate the amount opositive, false negative, or false positive. A true-negative
experience required for a trauma surgeon to be able teesult was defined as a negative FAST accompanied by a
achieve an acceptable, reproducible level of accuracy pecT or DPL that did not detect hemoperitoneum. Lack of
forming FAST examinations. To accomplish this goal, hemoperitoneum at celiotomy or absence of peritoneal signs
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on serial physical examinations also confirmed a true-negtrue-negative FAST). A failure was defined as a positive or
ative FAST. Intraperitoneal fluid identified by FAST ac- negative ultrasound observation invalidated by one of the
companied by a positive confirmatory test was deemed galidating tools (false-positive or false-negative FAST).
true-positive result. A false-negative result was defined as @USUM functions were calculated for targeted success
negative FAST with a positive confirmatory test. Finally, rates of 85%, 90%, 95%, and 98% for the institution and
when the FAST study was interpreted as positive for freegso4, 90%, and 95% for the individual surgeons. These
fluid and the confirmatory test was negative, the FAST wagynctions were plotted against the number of observations to
classified as a false-positive result. produce CUSUM graphs.

As previously described, three areas (right upper quad- A typical learning curve produced by CUSUM analysis

rant, left upper quadrant, and pelvis) were examined fOlyo o ntrates an initial upward slope, corresponding to a

EeArg_?_petrltdqneurr? - For pE[lrposes of analyzf|'ng f?lse-g_e}gatwgeriod when the incidence of failure exceeds the acceptable
studies, hemoperitoneum on a contirmatory SCalilure rate. This upward slope is followed by either a

was quantified as mild (one area), moderate (two areas), ana

. A o ateau (indicating that the observed incidence of failure is
severe (all three areas). All solid organ injuries identified a .
. equal to the acceptable failure rate) or a downward slope
celiotomy or CT scan were gradéd.

(indicating that the observed failure rate is lower than the
acceptable failure rate). The point at which the curve either
Imaging Equipment plateaus or acquires a consistent negative slope indicates the

An Advanced Technology Laboratories (ATL) Ultramark number of attempts required to learn to perform the process
V (Bothell, WA) sonography unit with a monochrome mon- under study with the target rate of success under study.
itor located in the emergency room was used for all FAST
examinations. Real-time images were obtained with an ATL
CLA 3.5-mHz phase array probe. Each surgeon’s initial 50Statistical Analysis
examinations were recorded with a video recorder.

All CT examinations were performed after administration ~ The ISS, abbreviated injury score, and revised trauma
of both diatrizoate sodium oral contrasaterial (Hypaque Score are reported as meanstandard error of the mean.
Sodium oral powder 5 g/350 mL water; Nycomed Inc., Prince-Overall differences were analyzed by the nonparametric
ton, NJ) and lopamidol nonionic intravenous contrast materiaKruskal-Wallis test. Pairwise comparisons were tested by
(Isovue-370 Injection 150 mL; Bracco Diagnostics, Inc.,the Wilcoxon testP < .05 was regarded as significant.
Princeton, NJ). All scans were helically acquired using 10 mm
of collimation with a pitch of 1.0:1 to 1.5:1 from the diaphragm
to the iliac cregt. Thinner collimation was used for the asSeSRESULTS
ment of a pelvic fracture. CT scans were performed on a GE
Hi-Speed (Milwaukee, WI) or Picker PQ 6000 (Cleveland,

OH) scanner. Demographics

A total of 3,396 patients were admitted after blunt trauma

CUSUM Analysis during the study period of February 1, 1996, to August 30,
) . . ] 1998. Six hundred seventy-three (19.8%) patients had a

The CUSUM (§) for a series of observations is defined paST examination performed, of whom 546 (81%) met the

as: §= % X; — X, where X = 0 for success, X= 1 for study criteria. The ISS for surgeon E was significantly
a failure, and X = a predetermined acceptable failure rate. reater than the mean ISS for surgeons C and D. The

om0 .
If the target success rate is 95%, then the acceptable fallua dominal abbreviated injury score and revised trauma

rate is 5%. CUSUMs are derived from consecutive obser- , . . .
i . - score for each surgeon’s patient population were not signif-
vations. For example, surgeon X performs five consecutlvelzCantl different (Table 1). The mechanisms of injury in-
procedures. The first, second, and fifth are successes; th y : Jury

third and fourth are failures. The CUSUMSs for this set of c?uded motor yeh|cle crash (n 380’ 70%), falls (n= 59,
observations are-0.05, 0.1, 0.85, 1.80, and 1.75. These 11%0), pedestrian struck by vehicle {n43, 8%), motorcy-
values are plotted against the number of observations t6/€ crash (n= 29, 5%), assault (= 23, 4%), and crush
produce a curve. A positive slope of the curve indicates than = 12, 2%). There were 339 men and 207 women in the
the acceptable failure rate is exceeded. In contrast, when trfdudy population, with an average age of 36 years. Only 24
curve assumes a negative slope, the failure rate is less théfh-3%) patients were in shock (blood pressur®0) at
the selected acceptable failure rate. admission. The number of specific confirmatory studies

For purposes of CUSUM analysis, each observation wagerformed was as follows: CT scan, 375 (68%); DPL, 28
recorded as a success or failure. Success was defined a§5&0); and celiotomy or serial physical examination, 171
positive or negative ultrasound observation validated by on€30%). The frequency of FAST examinations consistently
or more of the confirmatory evaluations (true-positive orincreased throughout the study period (Fig. 1).
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had a pelvic ring fracture. None of the false-negative studies

Table 1. COMPARISON OF INJURY were explained by the presence of subcutaneous emphy-

SCORES AND HYPOTENSION ON

ADMISSION sema or splnaI. injuries. ngen of the patients with false-
negative examinations (mild, = 2; moderate, n= 5)
Shock underwent celiotomy based on a positive confirmatory test
(% of (DPL, n= 3; CT, n= 4). All were hemodynamically stable.
Surgeon ISS Abd. AIS  RTS patients) Injuries accounting for the free fluid on CT scan included
A 140+ 149 09+ 020 7.0 « 0.22 17 two small bowel, one mesenteric rent, and four splenic
B 158 +1.63 0.6 *0.15 6.9 + 0.22 22 lacerations requiring splenectomy. Eighteen hemodynami-
c 11.9*1.34 05=0.16 7.5=0.14 13 cally stable patients with a false-negative FAST result were
D 182075 07 =008 7.0=0.11 17 found to have one or more solid organ injuries. The injuries
E 16.8 = 1.08" 0.8 +0.12 6.8 +0.16 18

included nine splenic lacerations (grade 15r3; grade 2,
n = 6) and eight liver lacerations (grade 17n3; grade 2,
ISS, injury severity score; Abd. AlS, abdominal abbreviated injury score; RTS, n = 3; grade 3, n= 2). One patient had both a grade 1
Revised trauma score. splenic injury and a grade 3 liver injury. All 18 patients
* P < .05 vs. surgeons C and D. .
were successfully managed without surgery.
Of the 22 false-positive results, only two patients under-
. . . went celiotomy. In both, neither a CT scan nor a DPL was
Sensitivity, Specificity, Positive performed. In one patient, the physical examination was
Predictive Value, and Negative consistent with peritonitis, raising concern about a possible
Predictive Value bowel injury. No identifiable reason for the false-positive
Evaluation of the institutional data yielded 439 true- FAST result was found at celiotomy. The second patient had
negative, 60 true-positive, 25 false-negative, and 22 falsed large retroperitoneal hematoma with renal avulsion. The
positive FAST results. The institutional sensitivity was 71%remaining 20 patients were managed without surgery. As-
and the specificity was 95%. The positive and negativesociated injuries were examined in those patients. None had
predictive values for all the trauma surgeons were 73% anévidence of subcutaneous emphysema, retroperitoneal hem-
95%, respectively. The sensitivity for each surgeon variedrrhage, or spinal injuries. Only two patients had a pelvic
from 44% to 100%. Specificity exceeded 92% for all sur-fracture.
geons. The positive predictive value for the group ranged
from 57% to 83%, the negative predictive value from 91%
to 100%. The overall departmental accuracy was 91%; iCUSUM Analysis
ranged from 87% to 98% for individual surgeons. An indi-
vidual's performance did not appear to be affected by the For the purpose of CUSUM analysis, the success or
number of studies completed (Table 2). failure for each FAST examination interpretation was de-
There were 25 false-negative FAST examinations withtermined by agreement of the confirmatory study. A success
hemoperitoneum identified by CT scan (Table 3). More tharwas a true-positive or true-negative result, a failure a false-
half of the CT scans identified a mild amount of blood<£n  positive or false-negative result. These observations were
13). A moderate hemoperitoneum (two areas) was present ithen subjected to CUSUM analysis in chronologic order for
10 patients. Only two patients had blood in all three areasarget success rates of 85%, 90%, 95%, and 98% (Fig. 2).
(severe). Four patients with a mild hemoperitoneum alsdJpward slopes indicate failures exceeded the acceptable

Departmental 14.3 £ 0.51 0.7 =0.06 7.0 £0.07 17

50 r

40}

Figure 1. Number of focused ab-
dominal ultrasound for trauma (FAST)
examinations performed each month
of the study. A total of 546 examina-
tions were performed. The maximum
number of examinations performed
in any month was 43.
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Table 2. CLINICAL UTILITY AND PERFORMANCE

No. of Sensitivity Specificity PPV NPV Accuracy

Surgeon Exams (%) (%) (%) (%) (%)
A 54 55 98 83 92 91

B 63 44 94 57 91 87

C 48 100 98 75 100 98

D 250 80 95 76 96 93

E 131 67 93 70 93 89
Departmental 546 71 95 73 95 91

PPV, positive predictive value; NPV, negative predictive value.

failure rate; downward slopes indicate failures occurring att this point is 0.65, and at least 15 consecutive successes
less than the acceptable rate. were needed to return to a negative slope. For the 90%
There were 499 successes and 47 failures for the institiarget rate, the slope becomes positive at patient 21, and it
tional analysis. The first failure occurred with patient 24.remains positive thereafter. The 85% target rate is easily
For the 98% target success rate, the slope of the curvebtained for surgeon A. The slope for this target rate and
becomes positive at this patient, with one failure, and relower target rates remains negative throughout the entire
mains positive throughout the following patients. The finalcaseload.
CUSUM for the 98% target rate is 36.8. With an acceptable Surgeon B had 8 failures and 55 successes (see Fig. 3B).
failure rate at 2%+{0.02 for each success), more than 1,500The failures occurred at patients 2, 6, 14, 30, 37, 45, 55, and
successful examinations without any failures would be nec58, as indicated by a change in the slope of the curve. For
essary to achieve a negative slope again. A 95% target ragetarget success rate of 95%, the slope becomes positive at
produces a positive slope at patient 62, with four failuresthe second patient with a CUSUM of 0.90,(S —0.05+
The final CUSUM for the 95% target rate is 19.7. With an 0.95). From that point, more than 20 consecutive successes
acceptable failure rate at 5%-0.05 for each success), are needed for the performance rate to equal the 5% failure
nearly 400 successful examinations without any failuregate. The slope of the 90% success rate is similar. The
would be necessary to achieve a negative slope. The slomeiccess rate for surgeon B falls between 80% and 85%. The
for the 90% target success rate remains negative (failureB5% target curve does not produce a negative slope until
never exceed the target rate) throughout 546 examinationgatient 20. The 80% (not shown) target rate remains nega-
despite 47 failures. Additional examinations never improvetive after patient 11, despite failures.
the 90% rate, and attainment of this rate of success is met at Surgeon C demonstrates high performance curves despite
the onset of clinical practice. The first failure is patient 24,performing the fewest FAST studies (see Fig. 3C). Negative
but this does not change the plateau of the curve. Targetlopes are maintained for 95% through 85%. Surgeon C
success rates of less than 90% were examined, and tlomly had 1 failure out of 48 examinations; it occurred at
analysis revealed slopes that exhibited sharp successiymtient 21. Because this surgeon maintained a 95% target
decreases for each 5% increment studied. success rate from the onset, the 98% success rate (not
The CUSUM analysis for individual surgeons was carriedshown) was also examined. For a 98% success rate, the
out in the same manner as previously described. For surgeatope is initially negative and becomes positive after the
A, target success rates of 95% and 90% were not achieveshly failure. Despite the 34 successful cases, the 98% slope
(Fig. 3A). Surgeon A had 5 failures and 49 successes. Eadhever returns to a negative value. Hence, the success rate of
failure brings the slope sharply upward. At a 95% successhis surgeon falls between 95% and 98%.
rate, the slope becomes positive at patient 7. The CUSUM Surgeon D performed more examinations than any other

Table 3. ANALYSIS OF FALSE-NEGATIVE RESULTS BY SURGEON AND THE AMOUNT OF

HEMOPERITONEUM
Surgeon Surgeon Surgeon Surgeon Surgeon
A B C D E Total
Number of false-negative exams 4 5 0 8 8 25
Mild (1 area) 1 3 — 2 7 13
Moderate (2 areas) 3 1 — 5 1 10
Severe (3 areas) 0 1 — 1 0 2
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Figure 2. The cumulative sum analysis (S,) of the
institutional results of focused abdominal ultrasound
for trauma (FAST). The cumulative sum was calcu-
lated for target success rates of 98%, 95%, 90%, and
85%. Analysis of the curves reveals a plateau of the
success rate between 85% and 90%. Achievement of
85% Success Rate this success rate at the outset of clinical use indicates
there is no learning curve.

90% Success Rate

100 200 300 400 500 600
Jan'97 Aug'97 Feb'98 Apr'98 Jul'98
Case Number

surgeon (see Fig. 3D). He had 18 failures and 232 successesistained examiner performance. These issues have been
A target success rate of 95% is initially met but is neverpartially addressed in several studies. Thomas Etgb-
maintained despite the large number of examinations. Thepectively studied the de novo implementation of a trauma
CUSUM for surgeon D at the 95% success rate is 5.5 aftegltrasound program to establish a learning curve. They
250 examinations. More than 100 successes would be negound that accuracy improved after the first 100 patients. In
essary to return to a negative slope. The 90% target rate i$ 24-month retrospective review by Smith ettit was
maintained at the acceptable failure rate (10%) throughoujetermined that learning curves could not be constructed.
the caseload. The 85% target is also maintained after th@/hen performance data after the initial 6 months of practice
first FAST examination. were compared with performance data after the last 6
Surgeon E had 15 failures and 116 successes (see Figonths, there was no significant difference in sensitivity,

3E). Initially, surgeon E demonstrates negative slopes for allyecificity, or accuracy. They concluded there was no evi-

target rates. The first failure occurs at patient 16 and igjence of a learning curve during the 24-month study. Shack-
followed by failures at patients 17, 18, and 23. This cluster, 4 ot g5 prospectively examined the initial FAST expe-

of failgres 'pushes the slopes for the 95% and 90% targerlience of 12 surgeons and emergency physicians using
rates irretrievably upward. The CUSUM after 131 exam"ultrasonography to examine 241 injured patients. They

: . o o
nations is 8.45 for the 95% target rate and 1.9 for the 90 /?dentified the initial error rate as 17% and noted that this

0 : Lo ;
target rate. Th‘? 85% success rate is maintained (negatlveerror rate fell to 5% after 10 patients. Both studies suggest
slope) after patient 27.

that extensive didactic training and high volumes of exam-
inations are not necessary for trauma surgeons to overcome
DISCUSSION the learning curve associated with FAST. However, no
Ultrasonography has been successfully used by nonradfitudies have analyzed the performance data to evaluate the
ologist physicians such as obstetricians and cardiologists fdfaming curve for individual examiners. Demonstration of
many years without the benefit of formal radiology training. C0MPetent performance of FAST by individual physicians is
General surgeons and emergency physicians have add8gcessary to make rational decisions regarding credentialing
ultrasound to their diagnostic armamentarium more recentl© perform the study. Performance curves derived from
ly.5914 Several studies have proven the efficacy of ultra-CUSUM analysis of the results of individual examiners,
sonography in the evaluation of blunt abdominal trau-especially when compared with curves for other practitio-
ma®®° Surgeon-performed FAST has been shown to be agers conducting the study under similar conditions and on
accurate as CT and DPL in detecting hemoperitonesimilar populations, can be used to guide such decisions.
um1213.15.16 Proper analysis of data regarding performance requires an
As with any form of technology that is introduced into evaluation of individual training, experience, and practice
routine clinical use, the increased use of FAST has raisedtyles. All surgeons in this study participated in a standard-
guestions about how to resolve credentialing issues, demzed curriculum and practical experience before clinical use,
onstrate examiner competency, and conduct evaluations dfius eliminating differences in training as a variable when
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Figure 3. The cumulative sum analysis of focused abdominal ultrasound for trauma (FAST) results for
individual surgeons. Performance rates of 95%, 90%, and 85% are shown for surgeons A through E.
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evaluating performance. Only 17% of all patients with bluntafter completion of a relatively short program of didactic
trauma admitted during the study period underwent FASTinstruction and simulated clinical examinations. CUSUM
examination. In an effort to control for individual surgeon analyses of the departmental FAST results were derived for
variation in the use of FAST and patient volume, the num-target success rates of 85% to 98%. The 90% target success
ber of FAST examinations performed by the attending wagate was the highest success rate that maintained a negative
divided by the number of trauma patient admissions forslope. The group of surgeons demonstrated immediate per-
each surgeon during the study period. This number alloweg¢brmance at or above this target accuracy rate. With the
us to determine the surgeon’s utilization rate of FAST,exception of surgeon C, individual surgeons displayed re-
which ranged from 10% to 41% (10%, 41%, 18%, 36%, andmarkable similarity in their performance despite variations
16% for surgeons A through E, respectively). This individ-in frequency of use and patient selection. All surgeons
ual variation in clinical practice did not affect performance. immediately achieved a target success rate of at least 85%;
The overall sensitivity of the department was 71%, and th%urgeons C and D attained higher performance rates of 98%

specificity was 95%. For individual surgeons, these valuegng 909, respectively. The number of procedures per-
were 44% to 100% for sensitivity and 93% to 98% for formed by a surgeon did little to improve or diminish

specificity, comparable to previously cited resifts?® performance.

Specificity, sensitivity, and predictive values can be in- 1hig information is applicable to current debates concern-
fluenced by patient selection. There was a significant dif-

) i i el Mng performance evaluation and credentialing for FAST.
ference in the mean ISS for patients examined by 'nd'V'duabeveraI recommendations have been made with regard to

surgeons (see Table 1). These differences could not beagt eqycation and credentialing for surgedhd! Our
attrlbute_d 'Fo any particular pattern in sensitivity, SpeCIfICIty’CUSUM analysis provides a performance curve for deter-
or predictive values. Performance numbers can also bﬁﬂnation of competency. Competency is achieved by a

aﬁeﬁt%dtrt:y Ea tr|1enttselect|0n, as dg:pqp stratequ ytsurge'(:.n §Iateau of the CUSUM curve at a predetermined target

€ had the highest accuracy, Sensitivity, SpEcllicily, positiVey . osg rate, rather than by an arbitrary number of exami-
predictive value, and negative predictive value but a signif-__ .. . S .
: . nations. Competency is maintained at a certain success rate
icantly lower ISS compared with surgeon E. Although theWhen the CUSUM curve has plateaued or assumed a nea-
patients that surgeon E examined with FAST had the high- P 9

est ISS, his patient selection may explain the lower sensi'fmve slope. A positive slope in the CUSUM curve detects a

tivity (67%) and specificity (93%) for his performance. false-positive or false-negative FAST result (a failure). A

In CUSUM analysis, each result is classified as asucces%ers'Stemly positive slope with continued use may indicate

or failure. As a performance tool, each surgeon must reext- e need for additional training or retraining. At a target

amine the cause or contributing factor involved in faﬂures.suclCess rate of 90 /Od’ all .sur.gec:jnshm this study diplayer:j
However, failures were subdivided into false-negative andf?" yhcompgtency_ adn maintained that competency through-
false-positive results in an effort to construct a clinically out the study period.

relevant analysis of the data in this study. Nine percent of 1he advantage of CUSUM analysis is that it allows us to

the FAST examinations in this study had either a false-Study performance over time, with experience as a contin-

negative or a false-positive result. Fifty-two percent (13/25)40US variable. A few random failures have little influenge on

of the failures to diagnose hemoperitoneum occurred iperformance, bu.t several failures will become graphically

patients with free fluid present in only one area (mild@PParent and will change the slope of performance. The

hemoperitoneum). Previous studies have identified occuffUSUM plot provides a visual output for quality control

hollow viscus injuries, subcutaneous emphysema, and pefmd compliance. CUSUM analysis is a unique and accurate

vic ring fractures as contributing factors for false-positive Method of evaluating the process of learning a new skill, as

results®® We identified subcutaneous emphysema, pelvidvell as monitoring compliance with quality improvement

fractures, spinal injury, and renal injury as a possible causgoals after mastery of a skill. Using this method of perfor-

in the misinterpretation of only seven FAST examinations.mance analysis, we conclude that with a modest educational

Two pelvic fractures and one renal avulsion possibly led toand didactic experience, surgeons use FAST accurately in

three false-positive results. Four false-negative results werelinical practice, and additional experience does not appear

associated with a pelvic ring fracture. Another contributingto affect this performance level.

factor may be the overreading of results with initial use of

FAST, which would be suggested by a concentration of

incorrect interpretations at the beginning of a surgeon’sAcknowledgments
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In terms of an incomplete understanding of the principles ofby the same surgeon-sonographer? Most experienced centers do
ultrasound physics, a small amount of blood in the subphrenichese follow-up exams, particularly if the patient remains tachy-
space in a patient with blunt abdominal trauma may be obscuredardiac and/or complains of persistent abdominal pain.
by a rib shadow, in the hands of an inexperienced surgeon-
sonographer. A small manipulation of the transducer while the Dr. TimoTHY C. FaBiaN (Memphis, Tennessee): The authors
patient breathes allows identification of the blood despite thecontend that with a modest course of training, surgeons can attain
attenuation of the ultrasound waves at the bone/tissue interface. high level of competency in performing FAST examinations, a
Hence, the recognition of an artifact and knowledge of its etiologylevel such that there is essentially no learning curve. In analyzing
allows a more accurate image to be obtained. With only 60their data, | am less confident in that conclusion. | think a lot of my
true-positive examinations in this entire study, about 12 per surpbservations are going to be similar to what Dr. Rozycki made just
geon, there are too few true-positives to provide enough experipreviously.
ence with this examination. Even though the surgeons performed | pelieve there may be a problem with the cumulative sum
FAST examinations on patients who underwent peritoneal dialySiSana|ysiS as app“ed to this situation. In their methodo|ogy’ they
those patients frequently do not provide the subtleties of smaljsed accuracy, i.e., true-positive or true-negative, to determine
amounts of intraperitoneal fluid. success. At first glance, that appears appropriate; however, it must

In terms of expectations for this exam, hollow viscus perforationpe noted that 82% of exams were negative. Therefore, without ever
may be present with a very small amount of fluid that is noteyamining a patient, given the population selected, one would be
detected by the FAST examination in the hands of the best surzccyrate 82% of the time if they always state the FAST was
geon-sonographer; however, as indicated, a diagnostic peritoneghgative and would in fact achieve similar results with cumulative
lavage in the high-risk patient with a “seatbelt sign” would likely ¢, analysis as reported here.
show positive results. In similar fashion in our recent study pre- ;v ould seem to me that much more emphasis should be placed

sented at the American College of Surgeons, we determined that &, yhe true-positive exams, 18% of the study group. Thus, perhaps
patient with a pelvic fracture has an increased incidence of OCC”|§ensitivity should be used as the determiner for the analysis, i.e.,

mtraabdommal Injury and is more likely to have a fa_lse'_negatlveconsider only results from positive patients, true-positives plus
FAST examination. Therefore, although FAST examinations ma)ﬁ‘alse-negatives

be performed accurately, the test itself may not be able to detect The authors report sensitivities of 40% to 75% among the five

%articipating surgeons. Those numbers illustrate two points. First,

may have s_lgnlflcant intraabdominal organ injuries, especially "Mhe sensitivities are lower than the 80% to 90% that the authors
the retroperitoneum.

I e . quote from other reported series. Second, the intrainstitutional
Considering the overall low sensitivity, 63%, of the FAST in d . L P ’ .
. S . . j variance which is twofold among the surgeons clearly illustrates
this study, it is even more important to examine these issues t?ne impbortant issue of operator dependency for this technolo
determine if, at Cincinnati, there is opportunity for improvement in P P P Y 9y

; At a 40% sensitivity, meaning that six of ten patients with blood
the accuracy of surgeon-sonographers. From our analysis of 1,540 the abdomen are missed, it is difficult to justify using this
patients presented at the American Surgical Association 2 yea%]_ i dality. Th : » | II ' I'du i Justity using Ith
ago, we found that a careful analysis of our data did yield valuable lagnostic modalily. There was aiso a wide discrepancy among the

findings about the accuracy and limitations of the FAST, as well as'9¢0"S relative to frequepcy of utiIizaFion. Ofthe five, surgeon D
its role in the evaluation of the complex multisystem-injured performed 46% of the studies. Interestingly, that surgeon was the
patient only one to achieve a 90% target rate, which occurred after 170

As a registered diagnostic medical sonographer, | have foungases were performed. That result would seem to. contradict the
that my ultrasound technique and that of the partners in our grougVerall conclusion. Could you please address that issue?
at Grady has improved considerably over 9 years. | continue to 1hirty percent of the cases had confirmation of the FAST exam
reinforce the principles of ultrasound physics as | teach these skill§Y serial clinical evaluations. While this may be relevant to sig-
to other surgeons. As we consider developing guidelines for edynificant clinical .outcomes, can the data be stacked up with CT and
cating surgeons in this modality, these issues should be carefullfPL to determine accuracy of ultrasound?
examined because, similar to the development of surgical skills, Finally, along the line of clinical relevance, how many of the
each ultrasound technique learned reinforces the surgeon’s knowlatients required therapeutic laparotomies to manage significant
edge of ultrasound principles, encourages rapid learning of newpjuries?
ultrasound techniques, and extends the surgeon’s diagnostic arma-
mentarium. DRr. MicHAEL RoTonpo (Greenville, North Carolina): I'd like to
I have three questions. First, the wide range of accuracies amorfgPmmend Dr. Fischer and his trauma section, led by Drs. Jim Hurst
surgeon-sonographers in this study is interesting. Was any attempfld Scott Frame, on their continued contribution to the field of
made to analyze the false-negative and false-positive examinatiorigauma and critical care, and I'd like to thank him and Fred
to allow for corrective education and a better accuracy in theLuchette for the kind invitation to discuss the paper.
future? The rich history in the development of the techniques to detect
Second, of the 36 false-negative studies, how many were relatd@iemoperitoneum in injury management can be traced simply by
to pure retroperitoneal injuries from pelvic or spinal fractures that,looking around the room and at the roster of the members of this
in our published algorithm, are automatically evaluated by fol-Association. Dr. Root was the father of diagnostic peritoneal
low-up CT, recognizing the limitations of the 3.5-MHz ultrasound lavage in the 1960s and it continued to be the gold standard in the
probe? 1970s. Through the 1980s and 1990s, Dr. Fabian and others
Third, instead of excluding equivocal exams, why did you not produced some very insightful papers that compare CT scanning to
consider a repeat FAST within 15 to 30 minutes of the first examdiagnostic peritoneal lavage in hemoperitoneum. More recently,
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Dr. Rozycki and others have introduced focused abdominal sonoghat it comes at a time when we have reached a more user-friendly
raphy for detection of hemoperitoneum. device.

Dr. Fischer and colleagues have added yet another important The first question | would have would be what particular device
consideration as we try to bring ultrasound into clearer focus. Thealid you use? There has been a serial progression, and even though
CUSUM approach may take us a long way toward unravelling thethe megahertz probes may be the same, the refinement of the
mysteries surrounding the issues of credentialling and competenayisplay, as well as the ability to interpret it—and | suspect that we
for a whole myriad of procedures that we perform as surgeons. Thare talking about bright people who are using new, good technol-
approach is similar in many ways in utility to control charts, an ogy, and there is no reason to expect, using a dichotomous vari-
industry quality management method that is designed to monitoable, that you would have anything else.
performance variances in a way that relates the timing and se- My other question would be sort of an extension of the previ-
quencing of those variances against performance standards. Thatisisly asked question, and that is, we are not, | assume, proposing
an important concept. This technique may truly be valuable ovethat this would be an eliminative test but an adjunctive test. So the
the long term. real question is not an all-or-none phenomenon but, wherein will

Having said that, | have four comments and questions for theve integrate this into the algorithm? What they have not done is
authors. The first has to do with the sensitivity and a need for thesay discard something—they have in fact expanded the algorithm.
authors to analyze false-positives. My difficulty is figuring out exactly where they have expanded the

The second is in relation to the false-negative studies and thalgorithm. But clearly, they have expanded it very strongly on the
degree of hemoperitoneum. Could the hemoperitoneum be belowegative side. It's no different than any other clinical exam that has
the threshhold limits of ultrasound? And would a follow-up study a dichotomous outcome, exactly what you would have expected
have altered the results? and very elegantly presented.

The third is where do you think ultrasound fits into the man-
agement algorithm for the CUSUM-credentialed surgeon? For DRr. FRep A. LucHeTTE (Closing Discussion): Thank you for the
example, with the high negative predictive value of ultrasound, carprivilege of presenting our data this afternoon. | also want to thank
we call it quits after one negative study? my Chairman, Dr. Joe Fischer, for sponsoring this work and for

And finally, how do you recommend that we blend the CUSUM mastering a new concept and data in a few hours, leading to a
approach into our performance improvement in credentialling prossuccinct presentation. A few years ago, Dr. Fischer appointed me
grams? to our hospital's Credentials Committee. After the first couple of

meetings, the turf battles going on in various specialty practices

Dr. James Evans (Shreveport, Louisiana): | think the single became very apparent. Three years ago, | headed up the efforts of
most important thing is to have placed FAST into its properour Division of Trauma/Critical Care to begin using FAST for
perspective with regard to being a modality used by surgeonsletection of hemoperitoneum in our trauma population. This is the
There are several comments | would make and then | have one doundation of and motivation for performing the study presented
two questions. today.

First, as we make the translation from industry to healthcare The discussants had questions and concerns about the relatively
industry, and most of this has been used in the chemical industrjow sensitivity of 71% for our group’s cumulative data, as well as
one of the things that the engineering aspect of this statisticatwo practitioners with unacceptably low sensitivity. The goals of
program has been used for has been the delineation of timthis study were to 1) review our experience and accuracy with
sequence variability. As you know, the variability of productivity FAST, and 2) present a new tool, CUSUM analysis, which can be
of engineering systems prior to the introduction of robotics waseasily used to track individual practitioners’ successive perfor-
especially variable with regard to shift work. It's very nice to see mance with a new diagnostic test. This may be useful for creden-
this statistic applied in this particular aspect, and | would ask theialing and quality assurance.
question as to whether or not you think that that is in fact a All three discussants had major criticisms and questions about
variable? | would suspect it is not. the low sensitivity for the group and unacceptably low sensitivity

The other thing is if you look at the applications in the previous for two practitioners. This is clearly related to the false-negative
statistical manipulations, you would expect that this is exactlystudies. When we analyzed the number of false-negative studies
what the outcome would be. And | think the statistics exactly fit thefor each practitioner, they ranged from a low of 2.1% for surgeon
outcome expectations. The reason for that is you are using &€ to a maximum of 9.5% for surgeon B. Interestingly, surgeon D
dichotomous variable. If you look at those aspects of the engineead a 6% false-negative rate, while surgeon E had a 7.6% false-
ing world that have used CUSUM for continuous variables wherenegative rate. If one recognizes that surgeon C’s patient population
there are more places for having a greater gradation, you are usirftad a significantly lower 1SS and frequency of shock, then the
just all positive or all negative as your outcome, this is actuallyother four surgeons had a false-negative rate ranging from 6% to
what you would expect. 9.5%. We recognize Dr. Rozycki's expertise and mastery of ultra-

| think the other thing that this manuscript highlights for us is sonography in the initial evaluation of trauma patients, and we
that when surgeons come to a new technology, they collectivelgongratulate her as a Certified Examiner by the American Registry
bring the knowledge that has already been acquired. It is not thef Diagnostic Medical Sonographers. In contrast, however, all of
first time a surgeon is going to see an ultrasound film. This is nothe practitioners in this study have added qualifications in Surgical/
a de novo undertaking, and so this is not an unexpected finding t€ritical Care and practice trauma care on a daily basis. We do not
say that you bring your cumulative experience to it. | think that's have any additional training in ultrasonography other than the
an important aspect to look at. curriculum | described, and | would suggest that we represent the

The other thing is to look at the introduction of the timing of this majority of trauma surgeons attempting to use FAST to evaluate
particular clinical report. One of the great advantages that it has ithe peritoneal cavity for hemoperitoneum. Although these false-
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negative rates are higher than previous studies in the literatureseries. Other investigators have found CUSUM analysis beneficial
they do represent our experience. Only seven of 25 patients whifor tracking practitioner performance in the successful completion
had a false-negative study required celiotomy. Injuries accountin@f colonoscopy, with inspection of the entire colon to the level of
for the free fluid on CT scan included two small bowel, one the cecum as a successful study. Clearly, this tool will allow us to
mesenteric rent, and four splenic lacerations requiring splenedrend individual practitioners’ performance of relatively simple
tomy. studies that lend themselves to easy outcome analysis, such as we
Dr. Rozycki also asked why we excluded equivocal examshave done with FAST in determining whether the study was a
Equivocal exams do not lend themselves to classification as susuccess or failure. The success rate can be determined by creden-
cess or failure for CUSUM analysis. tialing bodies, certifying bodies, or individual institutions. For our
Drs. Rozycki and Rotundo wanted to know whether we wereseries, all practitioners performed above an 85% success rate using
utilizing FAST in a standardized algorithm. We are considering theCUSUM analysis. Two practitioners, surgeons C and D, reached a
development of a protocol, but did not use one at the time of thi90% success rate. Surgeon D only demonstrated this performance
study. During the study, each individual practitioner utilized FAST level after completing 170 studies. In contrast, surgeon C, who
in the evaluation of their patients at their discretion. There was n@ompleted 48 FAST examinations during the 30-month study,
protocol or algorithm for utilization of FAST in the initial man- performed at the 90% level from the outset of his clinical practice
agement of the patient. with FAST. Thus, we can see that CUSUM analysis will demon-
Dr. Fabian suggested that 82% of our exams were true-negativesrate improvement for some practitioners with extensive experi-
and thus by law of probability, a practitioner could have a fairly ence, and others will perform at a high success rate with minimal
high accuracy rate just by calling all studies negative. If onerate or increased usage.
reviews the literature, the majority of reports to date have a Dr. Evans raised a question about shift work as a variable in the
preponderance of true-negatives. | am not aware of any series thapplication of FAST exams. All the practitioners in this study take
focuses an analysis of sensitivity, specificity, and positive predicin-house call, which begins at 5:6® and concludes at 7:0em.
tive value by using just true-positive studies. In fact, our studyWe did not look at the effect of our weekend 24-hour call on
has one of the largest groups of true-positives£{N60). Only  performance. The equipment we are using for these studies is an
McKenney reported a larger group of 70 true-positives. outdated unit that our Department of Radiology was considering
Dr. Rotundo asked a question about the role of CUSUM in theremoving from their daily practice. This machine has less-than-
credentialing process. This is exactly the reason for this presentadeal imaging quality compared to today’s standard equipment. We
tion. The Australians have used CUSUM analysis to evaluatevould agree with Dr. Evans’s comment that the CUSUM analysis
surgical trainees’ performance. They set time limits for the per-does take into consideration the surgeon’s experience and under-
formance of an appendectomy and inguinal herniorrhaphy, andtanding of anatomy, which lends itself to a very modest learning
showed various learning curves for each of the trainees in theicurve and good accuracy with minimal experience.



