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Between November 1, 1992 and January 31, 1993 we have

1) Continued the anaiysis of the 52 cases collected to date, 2) Refined our communication
analysis, 3) Trained three undergraduate research assistants (URAs) in data analysis. and trouble
shooting of the data acquisition system, 4) Collected information cn anesthesiologist performance
using a synthetic work environment (SYNWORK), three times during daytime (7am - 7pm) and
nighttime (7pm - 7am; hours. Developed a more rigorous version (SYNFAST) of this synthetic
work environment which may be more able to detect subtle degradation in physician performance
than SYNWORK, 5) Met with Shock Trauma anesthesiologists in a renewed effort at data
acquisition specifically of emergency tracheal intubation (usuaily in the admitting area) and
elective (non-emergency) tracheal intubation (usually in the operating room), 6) Written up one
paper describing 2 unusual emergency tracheal intubations and have 2 papers in preparation
(video data acquisition and video data analysis), 7) Had 2 abstracts accepted for presentation at
a meeting titled "Human Performance and Anesthesia Technology” and had three invitations to
present our material a) ONR stress conference in April, b) International Trauma Anesthesia
Conference in May, c) Real-World Decision Making organized by McGill University in June.

1) Data Analyses: Subjective Ratings of Stress/Workload

Our initial analyses, mentioned in the last quarterly progress report, focused on the
subjective ratings of stress/workload that we are obtaining from both the anesthesiologist
participants who were taped during a given case and other anesthesiologists who are subject
matter experts but who were not directly involved in the case. These subjective ratings data are
still being summarized and accumulated across a sufficient number of cases to make conclusions
worthwhile. In general, the ratings seem to reflect predicted differences in the stressors of
interest. The ratings reflect higher stress during cases involving more severe injuries, and within
cases, higher stress prior to and during patient intubation than after intubation. We are
considering some minor modifications to our procedures for collecting subjective ratings in order
to better distinguish ratings of stressors (i.e., the potential for creating stress) from that of
perceived stress.

2) Communication Analyses

We have also begun to quantify the frequency, content, and patterning of verbal
communicaiions among the trauma team during selected cases. Preliminary results have
indicated that there were systematic differences in verbal communications during periods
entailing different levels of stress. Comparisons are being made between cases involving high
and low injury severity and between various segments of particular cases, i.e., pre-, post-.and
during the induction/intubation of the patient. Verbalizations werg categorized into ten types --
communicating with the patient, undirected comments "to oneseif,” asking a task-relevant
question or for assistance, providing an answer to such a query, providing task relevant
information unsolicited, communicating a strategy, giving directions, other task relevant
comments, and non-task relevant comments. Counts of the number of each of these types of
verbalizations were tallied for two minute periods before, during, and for ten minutes after
induction/intubation. Preliminary results from six cases suggested that during periods when the
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team functioned under higher stress. verpaiizatons tended to increase. orten occurring
simuitaneously. and their content hecame more focused on fask-reievant comments. particuiariy
requests for assistance and information.  Surprisingly. strategic decisions were aol otten
communicated exprcitly.  We are conunuing (o add to this data set as reievant new - ases
become available. Ve nave recwivey very usefui pubiications ;tom Jugith Orasanu at NAZA -
Ames regarding stress. team Jecision making, crew communicsion and coordination which we
beiteve will be ver; heipiui in making comparisons with our Jdata which invoives group decision-
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3} Personne!

Three new undergraduate research assistants were hired and trained on data acquicition
and anaiysis procedures. These URAs wiil work directly in Shocktrauma. orten during weekend
and evening hours when the most interesting cases tend to occur. Their duties include ensuring
that all video iaping and data acguisition computer equipment is functional, suppiies are
replenished in a timely manner, encouraging/reminding trauma teams to video tape their cases,
reviewing tapes with subject matter experts, and assisting with video data analysis, data entry,
and data-base management. We hope that the presence of these individuals in the Shocktrauma
environment will ailow us to successfully video tape more cases, shorten the turn-around ume
between taping and review of the tape with the participants, and iessen the anxieties that some
trauma team staff members have about the project.

Two VCRs failed early in the quarter and wers unavailable for use during much of this
period. These machines have been repaired and are back on-line. However one other machine
brokz so we are still not able to video tape in one of our 4 locations. One microphone power
supply is currently in need of repair. We have experimented to some extent with alternative
microphone positions and with mixing the outputs of two microphones in order to create better
coverage of verbal communications among the trauma team, particularly in the operating rooms.
Our efforts to maximize the intelligibility of recorded verbal communications continue.

4) An iologists P

We have used a synthetic work environment (SYNWORK) to test performance of
anesthesiologist during their workday and worknight. An abstract of this work will be presented
at a meeting in February titled Human Performance and Anesthesia Technology and this abstract
is attached to this report as Enclosure #1. We will be exploring the abilities of SYNWORK
further using a revised version (SYNFAST) which we believe may be able to detect more fine
grained degradation in physician performance. We will also be testing the criginal SYNWORK
with know depressors of performance to calibrate the decrements in performance on

SYNWORK.
5 Cooperation among Shocktrauma Staff

Lack of cooperation and enthusiasm for the projecz among a subset of the Shocktrauma
staff continues 0 he 2 problem. The intentional disabling of 2quipment has. at times. prevented
effective data acquisition from teams willing to pamcxpate. We hope that the presence of the
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URAs in Shocktrauma on a daiiy basts wiil amelomie ese probieing, 4nu Ve dre mcreasing
our public relationships efforts to win over siaff members who may misunderstand the intent of
the project. It appears that during the past 2 weeks the URA’s have bheen helptul in facilitatng
dam collection and in making audio tapes of the anesthesioiogists participating in the video ape.

We have also focused our efforts on one particular aspect of trauma patient resusciation -
namely airway management. Airway management is the A of :he ABC of cardiac arrest
management, it is the first and most critcal area of resuscitation without whnich evervthing eise
done to the patieat is meaningless. it is a highly stressful maneuver and many unusual and
unpredicitable evenis occur during airway management, tracheal intubation, connection of the
ventilator and checking of the sysiem, the monitors and the patient. Induction of anesthesia and

production of muscle paralysis sufficient to insert a cuffed trachea! tube is potentially extremety
hazardous in a patient with impaired conciousness and a full stomach.

6) Paners being Drafted

Attached is a paper titled "Videoanalysis of two-emergency tracheal intubations identifies
errors and inappropriate decision-making" (Enclosure #7). This is the second draft. After
presentation of the abstract of this paper (See Enclosure #3) at the Human Performance and
Anesthesia Technology conference, comments made at that conference in relation to the abstract

presentation will be incorporated into the final version of the paper to be submitted to.

Anesthesiology for possible publication.

The video analysis described in the draft paper and Enclosure #3 revealed subtle instances of
inappropriate decision-making during intubation of pati=nts. These cases can be related to
various decision-making models in the literature and demonstrate the value of our video analvsis

approach.

A second paper “ill be a report of our video data acquisition methodology. This will cover the
on-site data acquisition of video and physiological data in Shocktrauma, the automated storage
of these data via campus data networks, and the processing of the physiological da.a into a form
that can be accessed relationally along with observational data.

A third paper will be a report of our video data analysis methodology. This will cover the
various types of data that we are collecting, the means of processing them intc a common
data-base format, and coding procedures for observational data.

7 The two abstracts (Enclose #1 and #3) have been accept:d for presentation. We have
also received an invitation to present our material at a) An ONR Grantee Mesting and Tri-
Science Review of Basic Research in Stress and Performance on April 5-7th, organized by Dr.
Terry Allard of the Congnitive Science Program, b) International Trauma Anesthesia and Critical
Care Society (ITACCS) meeting May 20-23rd. Dr. Mackenzie wili chair a session and present
material documenting video tapes of trauma patient management in the fieid and during transport
(J Donchin MD Israeal Defence Force) during transpor: from helipor: to resuscitation area (F.
Forrest MD Shock Trauma (MIEMSS Baitimore) and in the resuscitation and operating rooms
at MIEMSS (C.F. Mackenzie, MD). The cbjective is to demonstrate real-life management with
all it’s warts and blemishes! We have video tapes both of management being performed
correctly and incorrectly. Dr. Horst (Co-investogator: will also present commeunication analvses
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[ ogictice and Parcanni

Three undergmguate assistanis were rained and are now working with this project.

Funding is accorcing 0 a revised budget reguest lodged with and approved bv ONR.

An ASSERT :ugumentation award application was made to enabie Denise Ovelgone and
Linda Hawkes 0 continue work on this project
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Samm s MWe investigztea the effect of ratigue on performuncs in ive raum
anesthesivlogists using 2 muititasking synthetic work environment mode! :Svawork:. W
found no significant change in performance of Svawork in three assessments during
twetve-Aour shift or when comparing dav and night shifts. We concluae that day or nign
shiftwork and a tweive-hoyr long shiit does not result in 2 decrement in performance o
four simuitapeous 2sks that are simiiar to thuse carried out duriny anesthesia.

aad ¢

Inredqucgon: Clintezl 2nesthasia can invoive sroiongsd perods of Touline mOMIICTNZ (NRISTersed wil
iniense dnd Croel acuviry, Wil (e inreused use Of COMPiex Quipment [0 MONIOr panent vitdi signs anc |
funcdon or anesthedc machines. the anesthesioiogist has o recogmze. interpre: and respond 0 a wide vaner:
of visual and auditorv sumuii. Prolonged seriods with minimai sieep or rest may be demimentai (0 pagnent care

if pertormmance (s adverseiv arfests
Synwork was used to assess the ability or anesthesiologists 0 carry out four simmulnecus tasks over a five-
mizute period. The tsks tested are similar (0 those pertormed in clinicad anesthesia and inciude monitoning of
visual and auditory signals. sewing alarms. mental arithmerc and short-term memory storage and remieval.
We used Synwork to determine whether there was a decrement in performance of these tasks over 1 rwelve-

hour period and compared night with day shifts.

Methods: Each anesthesiologist achieved asymptotic performancs on Svnwork during ten practdce sessions
(Figure 1). Synwork was then pestormed at the start, middle (seven to eight hours after start) and end of a
twelve-hour shift, both during the day (7am to 7pm;) and at night (7pm to 7ami. Testung was performed
randomiy over 2 three-week on-czll period for up to thres day and night shifts per subject with 2 mummum of
tweive hours rest berwesn each shift. Results were compared by paired s-tests (p < 0.05 was significant).

Rasults: There were no difference berwesn total scores on Synwork at the start. middle or end of < twelve-
hour day or night shift (Figure 2). There was also no differencs when comparing nighrime and daydme
scores. [n addidon, we sxamined the four individual components of Synwork (memory, maths. visual.

audirory) and found no differencs betwesn nightime and daydme performancs of the four components or in

performance of these four tasks within the rweive-hour shift.

Discussion: Svnwork has besn used [0 assess perrormmance of compart piiots and the
desrivagon+. The senjianry of (e muidasiking sortware 0 e @sks of 1nesthesiologists make iz 2 potendaily
userut -assessment f ciiniczi pertormance. During rweive-our sRiftwork, we were Jnapie 0 gesst Inv
Qecrements 1 DETIOrmancs oI SYNWOrK SiNer in (orai SCores or in any of he individuai components.

effacts of siesT

1} Elsmore. TF. A’ Svntheuc Work Environment for °C-Comvaubie Microcombpurers. Proc. 1991 Med. Desf. Biosc. Re
pp. 251-354. Aug 19G1. Support oy ONR Grant sNO0Q 148171 840
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Introduction

"We studied videvtapes of two emergzncy tracheal intubations of trauma patients in which
a combination of unusual circumstances. diagnostic errors. judgement errors. monitoring :alures
and inapprcpriate decision-making occurred. However, no patient injury resulted. This repon
therefore includes a prospective exﬁminadon of the three categories of human error described
by Cooper et al.! Video analvsis of the anesthesia team during these intubatons was used to
document what occurred. examine team commurications and establish what may have caused
these errors and how these errors could be avoided in the future. As a result of the management
of these two patients we also reviewed whether there were any changes required in the’

algorithms and protocols used for emergency management of the trauma patients’ airway.
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Methods and Materiais
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Video images W cund rack were acguired esgecuvely by miniature cameras an
microphones suspended rem che ceiling of two admiitting areas at the Marviand Institute or
E:nergency Meaical ;‘cr'.'x::s Systems (MIEMSS). The rieid of view included the anesthesioiogy
team, anesthecia 2quipment, drug cart, monitors and intravenous (IV) fluids. The audio channe!
captured communications among the entire tmuma.team consisting of anesthesiologist(s), nurse
anesthetist(s) (CRNA), surgeons. emergency medicine physicians (EMP), nurses. and
technicians. Physiological monitors of vital signs were interfaced at each location to a personal
computer (PC} which included a video overlay board so that physiciogical data [heart rate (HR);
arterial blood pressure (BP) or venous blood pressures; end-tidal CO, (ETCO,); arterial O,
saturation (Sa0,); and temperature] were updated every 5 seconds and overlaid onto the video
image that was simultaneously being recorded by the video camera. The digital display of each
component of the physiological data only appeared on the videotape when that component of the
monitoring system was in use. Video acquisition occurred when a videotape was inserted into
a video cassette recorder(VCR) located in each admitting area. Videotape insertion into the
VCR activated the video, audio, and physiological data acquisition and data overlay by means
of RS232 interfaces between the VCR and PC and physiological monitors. In addition

videotape insertion initialized the videotape and overlaid an image of the date and real time, then

elapsed time from videotape insertion, produced by a time code generator board in the PC.

Videotapes were analyzed using Observationai Coding System Tools (OCS Tools.

Research Triangle, NC), a commerciai video anaivsis software package. Addiuonaily the
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anesthesiologists involved in each of these two cases reviewed tne videotape shorily after it was
made anc ecorded audio comments about the 2vents. communicauons. and Siressors occurnng
on and off the cameras’ neid or view. These comments and those of at ieast one other trauma
anesthesioiogist who was not directly involved in patient care were ranscribed using OCS Toois.
The computer files obtained from the comments were then merged with the trauma team
communications ottzined from the audio channel or the videotape w0 provide a compiete
transcription and commentary. Synchronization of the data was ensured by having the same time
code stamped on the video image, the communicartions and commentary in OCS Tools software,
and the physioiogical data. The study was approved by the Institutional Review Board (IRB)
and consent obtained from the anesthesiologist(s) and CRNA’s who were videotaped. Approval

was obtained from the IRB to waive consent from the patients as we agreed to remove identifiers

and camouflage patient identity on the video tapes.
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Resuits
Tha e iamt fAnts a3 Micemamy 3F o amedias o " Said Th a¢
Lie Hrst patent paltent dned aac 2 aistory of 4 Cargiac arrest oo he neid, There was

-onfusion in the ‘nitini -eports is :o whether the patient had sustainzd a head injury or whether
fle was dnder the inrluence of drugs or had sufered an cgilepri:’orm seizure.  Later it was
wearned har the patient wvas assaulted, had a cardiac arrest. was initiallv re.uscitated at the scene
and -vas aiso found in possession of drug parachemaiia. On admission. by ambulance. he was
ncoascious and Qentiiated with a resuscitator bag through an esophageal obturator airway
(EOA), which resulted in chest movements. He was met by an anesthesiologist who took 2 min

o transport him upstairs to the admitting area. The major events that took piace during

admission and resuscitaiion of patient one are shown in Table 1.

In the admitting area both the attending anesthesiologist and an EMP listened to the
patient’s chest but neither made comment on the adequacy of ventilation. The elapsed dme in
Table 1 shows that 2 minutes later ventilation was delegated to an EMP undergoing tracheal
intubation training. Pentothal and succinylcholine wer: given IV. The EMP had some diiliculty
visualizing the cords but stated that "the EOA is in the trachea.” The attending anesthesiologist
who was standing alongside the patient told the EMP to "ventilate again and take it (the EOA)
out and change to an ET tube." Cricoid pressure was applied, the EOA removed and the trachea
was intubated with a conventional cuffed :ndotracheai (ET) tube by the EMP with some
difficulty. The patient was then manually ventilated with a resuscitator bag and breath sounds
were checked by stethoscope. Right sided endobronchiai intubation was detected and the

tracheal tube was withdrawn a tfew cms. The mec.anical ventiiator was connected but the




SE0aaTaY ol Y NN LY
! AN Bs_\.,uub\,

setting had accidentally been switched frem mandatory ventiiztion 10 pressure Supp

of residuai succinvicholine paraivsis, the patiert was not ventilated. This problem was

recognized and then corrected approximately ! min later after tracing the rauit. The remaining

resuscliation 4nd mancgemant proceeded uneventfully. The patient awoke on <jay two and was

discharged on day four after admission. Artenial blood gases taken on admission while the

satient was ventilated with the EOA showed PaGC, 456 mm Hg, pH 6.53, Pal0, 94 mm Hg on

1009 C,. These results show good oxygenation with hypoventilatior and indicate that the EOA

was correctly positioned in the esophagus. Elevated PaCO, and acidosis is reported to occur

frequently when the EOA is used after cardiac arrest.” Even though the patient had a blood

pressure of 98/60, ETCO, monitoring was not employed nor was the pulse oximeter connected

before the EOA removal and conventional tracheal tube intubation.

On admission patient two was severely obtunded* (Glasgow Coma Scale 9/15), obese
(about 100 Kg), had tightly clenched jaws, an unrecordable blood pressure due to hemorrhage
from an abdominal gun shot wound (GSW) and no [V access because he was an IV drug abuser.
The major events that occurred during admission and resuscitation before proceeding to the
operating room (OR) are shown in Table 2. The elapsed time in Table 2 identifies that initally
the patient was ventilated by face mask. After | minute the trauma team ieader ordered
intubation. Because there was no IV access at this time the anesthesioiogist gave (30 mg
succinylcholine intramuscularly (IM) into the tongue. Within 17 sec the CRNA began blind
nasotracheal intubation which caused gagging and then preuipitated repeated vomiting. The

patient became combative. Four mins and 25 sec after admission. [V accoss was obtained.
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mins after inusaton Vi emperature momtonng occurnng shoruy herearter. 3ecause of the
patient’s obesity and hemorrhagic shock. BP was not obtained unul an arterial catheter was
niaced by cut-down 1S mins after admission. Bleading continued despite external compression
and vital signs remained unstable even though Z units of biood and 3L of crystailoid fluids were
given within 16 mins of admission. The patent died in the operating room 3 hrs after admission
from exsanguination, after receiving 52 units of blood . 46L of crvstailoid. 20 units of fresh
frozen plasma and 10 units of platelets. There was an associated coagulopathy secondary to

massive transfusion for vascular injuries to the left iliac artery and iliac vein caused by the

GSW.




Discussion

The videc tapes objectivelv document two airwcy management incidents prosrectvely.
This report thererfore does not suffer from factual uncerainty present in many other retrospective
rgency alrway management thai discuss not what actually happens=d but what
“must have happened."’> We document that human error is a contributor tu preventabie
anesthetic mishaps'*'? and that the anesthesiologist supervising multiple simuitaneous tasks does
have impaired vigilance for detecting other incidents, for instance, the cause oi failure to
ventilate. Tracheal intubation, detection and correction of endobronchial intubation, supervision
of the EMP, and direction of the anesthesiology fellow to manage a second admission tnat
occurred during airway manipulation, distracted the attending anesthesiologist managing patient
one from detecting why the mechanical ventilator was not ventilating the patient. No monitors
of ventilation, such as ETCO,, or oxygenation (although it is doubtful Sa0, would have fallen
sufficiently in the time to trigger an alarm) were employed during resuscitator-bag ventilation
and the auditory apnea alarm on the ventilator was disabled. It was only when the
anesthesiologist looked at and listened to the patient’s chest that he realized there was an absence
of ventilation and then he detected the incorrect ventilator setting. The mechanical ventilator
used (Siemens 900C) is a complex machine with multiple switches and dials making it time
consuming to trace faulty control settings. Technicai errors or slips'® such as accidentally
changing the ventilator setting are reported to occur as a result of stress and there is frequently

amnesia for the event so'!!? that retrospective reports are unlikely to detect such incidents.
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[n this prospective study. endenronciuu intubauon was more rapidly Jetectad in e two-

persen reai-fife anesihecia o™ than on o osimulated single-nerson anesthocia environment? (50
sec in real life v 102 = !'47 sec in the simulation) and was more mapidly corrected (84 :ec in
reas .ife v 333 = ST 355 lec in the sunuiauon). This could be dug 1o the hugn stare of vigiance
and expeciancy of zomplications thar surrounds emergency intubation. Whether endobronchial
intubation aiways occurred in conjunciion with tracheal intubation, when it may be more rapidly
detected and corrected. is not identified in the simulation.” In the high workload situation in
which endobronchial intubation occurred in patient one, having two peopie managing the patient

rather than the one in the simulation should expedite correction and possibly also detection ot

the endobronchial intubation.

Gaba and Cooper have identified erroneous decision-making as more important than the
slip or technical error ! (turning the ventilator dial to the wrong position) because judgmental
errors may trigger a cascade of problems eventually leading to an accident that involves actual
harm to the patient.'® Fortunately, in the first patient we describe, the cascade only went from
a problem to a critical incident because the trachea was successfully intubated without aspiration.
Endobronchial intubation and lack of ventilation were both successfully detected and corrected
before any adverse patient consequences occurred. In patient two, although vomiting with an
unprotected airway and clenched jaws was a critical incident, the tracheal tube which was
advanced into the esophagus both caused the vomitng and prevented pulmonary aspiration. The
tracheal tube stimulated the larynx and vomiting as it was advanced into the esophagus. but also

the esophageallyv placed tube can be seen on the video iape repeatedly diverting the projectile
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vomitus out of the nasopharynx so prevesting aspiration. The waming 2agging noises that can
be heard on the ziiio channe! should have been heeded and the CRNA told to remove the

nasotracieal tube berore vomiting occurred. We think the situation in patieni two iits the

definidon of 4 ‘near miss’ described by Wiley. ™

Cause and Prevention

Stress

What caused these occurrences and what can be done to prevent their re-occurrence?
Removal of the EQA, before protection of the airway in an unconscious patient is an error and
places the patient at risk for aspiration because regurgitation of stomach contents frequently
occurs,!” although cricoid pressure may have reduced this likelihood. Although errors are a
normal part of human cognitive function®, fortunately they do not always result in an adverse
outcome. ! We believe patient one illustrates the effects of stress on the cognitive-functioning
and decision-making of the anesthesiologist and the diagnostic and psychomotor skills of the
EMP. INlogical and irrational thought processes and omissions of action are reported to occur
when the decision maker is under stress. Time, noise and communication stressors may be
important causes of accidents and inadequate monitoring and examinaton.'? It is irrationai for
the EMP to have diagnosed that the EQA was in the trachea and for the attending
anesthesiologist to have believed this diagnosis, since the patient had survived transportation
from the field with the EOA inflated in place and the EMP had himself listened to the chest and
seen the supervising anesthesioivg:si lisien 10 the chest during ECA ventilation. When told that

the EOA was in the trachea. the anesthesiologists’ retor: was (o suggest ventilating again through

w Lithwdivade
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the EOA. This response wvas inaopropniaie because veniiiati

s

survval would ot occur o the ZCA was nflated in che trachea. Howe o or che cupervising
anesthesioiogist thought "*here 'was 1 ventiiating tube in the ECA" [an esophageai-gastnic wube

airway’ EGT.\}] making venuiation possidle, as e had detected venuiauon on auscuiauorn.

{nadequare monitoring and examination

Whether the chest intlation observed was due to air entry into the lungs or gasiric
inflation could have been established by monitoring ETCO, or SaO. or by direct larvngoscopy
by a more experienced laryngoscopist than the EMP. None of these monitors or examinations
were used. Equally lung inflation could be established by listening to the chest, and aithough
this was done, the supervising anesthesiologist did not communicate his findings from chest
auscultation to the EMP. The supervising anesthesiologist was anxious about the adequacy of
the EMP’s skill and should have personally checked the EOA placement and could have used
the available ETCO, and Sa0O, monitors to confirm the adequacy of ventilation before deciding

to remove the EOA. As noted in analysis of pilot errors in the cockpit, problems encountered

are often due to the crews inability to use resources which are readily available.'

Training of non-anesthesiologist to intubate

The EMP further added to the stress of the supervising anesthesiologist by intubating the
trachea with some difficulty (3 attempts), and advancing the tube too far into the right mainstem
bronchus. Correction of the endobronchial intubation was zchieved rapidly and bilateral lung

ventilation was contirmed. However, the EMP and the anesthesiofogist Jid not immediately
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diagnose the cause of the lack of alr 2niry when the ventlator was connecied and so did not
recognize the ventilation fa..v-= caused by an inappropriaie ventilator setting combined with
neuromuscular blockade. The EMP had successrully achieved six other emergency tracheal
intubations, but under stress during this airway management his psychomotor skills were
impaired resulting in a failure to easily intubate and to over-insertion of the tracheal tube. It was
perhaps a mistake of the supervising anesthesiologist to allow the EMP to perform this intubation
since the anesthesiologist himself was not completely familiar with the EOA. From the analysis
of the management of patient one it is clear that the attending, fellows, and probably CRNA staff
need training in alternate airway management devices inciuding EOA.? ETGA.’ the Combitube®

and laryngeal mask.® Unfortunatety, there are no training devices that entirely substitute for

real emergency tracheal intubation and so it is common practice to train people using the “hands

on" approach.

Inadequate anesthetic technique

In patient two, the video tape demonstrated that IM succinylcholine is not efficacious in
hemorrhagic shock, because the patient can be seen moving for 3 min after the injection although
the IM dose given of 1.3 mg/Kg was much lower than the 3-4 mg/Kg recommended." Even
IV succinyicholine took 2 min to produce neuromuscular blockade. If IM succinyichoiine is
given, even to non-shocked patients, it is clear that more than 17 seconds must elapse (Table 1)
before attempted tracheal intubation. When gagging occurs during blind nasotrachea! intubation,
it is evidence of incomplete muscle relaxation and the wracheal tube should be withdrawn to

prevent further stimulation and vomiting. Both the premature intubation atiempts. and the
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peristence with aasowracneai ube advancemas cing, sugzest the CRMA way s
anxious about this tubation, Yaminng was marticuiarly hazardous because there was 1o airwav
access due to clenched-ignt jaws., The obvious aitermative management 1o euther [M
succinyiciioliie or iind 3asat intupaion was o ignore the eam 'eader s reguest JCr .muneciate
tracheal intudation and o continue mask ventilation. This approach. while contrary to the role
or :he team leader as the coordinator and gecisicn-maker, could have readily been rauonalized
itf ETCO. had been monitored and if the wave form and digial readout displayed were normai.
Similariy a normal SaO, would prompt continuation of mask ventilation until IV access was
obtained and succinylcholine could be given bv the more predictable [V route. The decision
to intubate was correct, but the timing of implementation was erroneous. If IV access could not
be obtained and values of ETCO, and SaO, were deteriorating during mask ventilation then the

recommended decision is for the anesthesiologist to either use jet ventilation through the cricoid

membrane with a 14G cannula or to request the surgical team to perform a cricothyroidotomy."®

However, in reality, it is unlikely that ETCC, monitoring would have been useful in the
<ombative patient two, because of low pulmonary blood flow and difficulty in maintaining a
mask-fit sufficient to allow adequate monitoring of the low exhaled CO,. Reduced peripheral
blood flow and patient movements would also reduce the likelihood of adequate monitoring of
O, saturation by pulse oximetry. In addition, cricothyroidotomy in a combative emergency room
patient with penetrating trauma. 13.6% of whom are known, in Baltimore, to test positive for
human immunodeficiency virus,” is hazardous both for the patient and emergency room

personnei. It is thererfore our recommendation in a situation where values of ETCO, and SaO.
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are deterioraung and IV access is imminent. that mask-ventlauon shouid persist unui IV access
is obtained, instead of proceedi: 'z to cricothyroidotomy. In *he interim. mask ventilaton may
be improved by restraining the patient and emploving a second assisiant 0 squeeze the
resuscitator bag wiile the anesthesio'ogist mainwains the airway and mask fit with both hands.

Only if this maneuver fails to stop the deterioration in values of ETCO, and SaO, shouid

cricothyroidotomy be performed.

Poor Ergonomics

As a result of videotaping these two patients we also established that neither’
anesthesiologist had recall of the ETCO, when tracheal intubation was achieved and the
ventilator was connected and functioned. The CO, monitor (Nellcor 1000) sampling site was
at the Y-piece of the ventilator tubing and in patient one, ETCO, was grossly abnormal. Despite
this abnormality, because of the placement of the monitor (which displays both SaQ, and
ETCQ,) on a shelf behind the anesthesiologist in the admitting area, the abnormality was not
recognized and the alarm is scarcely audible in the video tape above the background noise of the
resuscitation team. Further ergonomic discoveries were that the Nellcor 1000 takes 2 mins to
warm up, and cannot be tested (by breathing into the circuit) before a patient admission without
an alarm sounding continuously after testing is completed. Similarily the Siemens 900C cannot
be left in the switchéd-on ready state delivering a tidal voiume without 2 continuous auditory
alarm. Both of these ergonomic factors together with the complexity of the Siemens $00C

£ by

control panel. the necessity to disable the apnea alarm and the position of the *'ellcor 1000

behind and remote from the anesthesiolozist. make implementation of ventilation and monitonng
= =
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orf ZTCO, ang SaOs Junng inital resuscuanen mere difficult. The Neilcor (000 has now been
relocated in the idmuding rew 7 oan eve-level sosition above the Siemens 200C and Both the
Neilcor 1000 and Siemens 300C can be tested "o ensure correct operation and then switched off

0 prevent the conunuous auditory aiarms. The Nellcor 1000 dees not clarm provided it s

switched on without testing.

Communication failure

During management of both patients there was a failure of communication between the
supervising anesthesiologist and the EMP (patient one) and CRNA (patient two). [n patient one
there was a lack of communication that air entry was acceptable during EOA ventilation and the
anesthesiologist did not convey his uncertainty about the type of airway to the EMP. In patient
two there was a failure of the anesthesiologist to tell the CRNA to wait longer after
succinylcholine administration before attempting nasotracheal intubation and to desist from
advancing the tube when gagging sounds occurred. Both the anesthesiologist and CRNA failed
to communicate to the team leader that ventilation was adequate by face mask. Such omission

of communications are seen particularly in time-stress situations,'''? as occur during emergency

tracheal intubation.

Real compared to simulated environment

It is of interest that neither of these two scenarios that were videotaped during emergency
tracheal intubation appear in cither the American Society of Anesthesiologist’s Management of

the difficuit airway aigorithm.' or in the Anesthesia Crisis Resource Management (ACRM)




raining in a comprehensive anesthesia simuiation environment™ or 1n
Anesthesia Simulations™ or in a Fliz -t simuiator for General Aresthesia Training.” The ACRM
course, although including IV raiiure, does not idenufy inabiiity to start an [V as a critical
incident.™ The real anesthesia environment has many advantages for the study of critical
incidents over simulation. A comparison between the real and simulated anesthesia environment
(Tabie 3) identifies the absence of adverse patient ovtcome, lack of medicolegal risk and limited
training requirements as the major advantages of si:nulation. However, the real environment
has more variability, uncertainty, management options, stress, complexity, and potentally
adverse consequences than simulation. Video taping of the real environment enables
management of critical incidents and current anesthesia practices to be repeatedly and intimately
analysed.

Video analysis of these two emergency intubations suggests measures to prevent
reoccurrence of errors and inadequate decision-making including: 1) Skills training®*-e.g. correct
IM dose of succinylcholine; withdrawal of tracheal tube with gagging; conventional tracheal tube
insertion before removal of EOA; monitoring of ETCO, and Sa0,, 2) Crew training®¥# e.g.
improve communications among trauma team; better evaiuation of trainee performance; prior
contingency planning to cope with the unexpected; better task management, and 3) Stress
reduction?®#-¥ e g. education, rehearsal and application. These 3 measures t0 prevent
reoccurrence should be discussed in an educational setting, ideally praciiced in a simuiated
environment then implemented in real-life. We believe it is by systematic study of such real
critical incidents that the mechanisi~s involved in their genesis will be understood and from these

devised.

analyses preventative measures or particular approaches to training may be dev
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Major events and clapsed ume !mm:sed) since admissic,. during resuscitation of
paueat ong*

Padent arrives in admitting area receiving O. by resuscitator bag attached
to £GA.

"He’s got a pulse”

[V working in night arm, IV fluids hanging

Anesthesiologist listens to both sides of chest

"Blood pressure 98/60"

Tracheal tube in hands or EMP

Pentothal 50 mg, succinyl choline 160 mg given [V

Anterior half of cervical collar off; cricoid pressure applied

EMP takes over ventilation through EOA from anesthesia fellow

EMP disconnects resuscitator bag

Laryngoscope in, "this (EOA) looks like it’s in the trachea”

EMP asks for suction

Laryngoscope out; airway suctioned

Anesthesiologist "Just ventilate him again and take it (EOA; cut and
change to an ET tube.”

EMP ventilates through EOA

Cricoid pressure on; EOA cuff deflated

Repeat laryngoscopy

EOQOA out

Conventional tracheal tube ins~rtion begins

Tube inserted on third attempt

Ventilating with resusciiator bag

EMP listens to both sides of chest and stomach

Anesthesiologist delegates anesthesia fellow to manage a second AA patient
admission

Ventilating with resuscitator bag; anesthesiologist measuring distance ET
tube in trachea. Listens to chest.

Anesthesiologist connects ventilator

Pulls the ET tube back

Change ventilator setting from pressure support to0 mandatory ventiiauon
ETCO, monitored

ET tube taped in place
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patent iwo~

Elapsed Time

Event

10:00 Patient arrives in admitting rea

00:18 C. mask on

00:35 Venulate patient by mask and resuscitator bag
Physical examination begins. No recordable BP
Femoral pulse palpated at HR [14/min

01:02 "Intubate” (Team leader)

J1:35 Succinylchoiine injected IM into tcngue

01:52 CRNA inserts nasotracheal tube

01:57 Gagging noise as nasal tube advanced

02:15-02:55 Repeated patient vomiting out of nasal tube

03:28 IV access achieved via Cordis. HR 145/min

03:36 Team requests "fat boy BP cuff”

04:34 Succinylicholine given [V. Cricoid pressure on

04:39 Patient holding suction catheter pushing anesthesia personnel away

05:19 CRNA bagging patient

05:22 Cordis connected to Level One infuser

05:39 Still no recordable BP

06:38 Intubation

07:21 HR 146/min. Still no BP obtained

08:22 O+ packed RBC 2 units started

10:32 Team complains "we don’t even have any BP and the
guy’s been here ten minutes."”

11:20 BP is "over 100 mm Hg" (palpation)

11:28 End-tidal CO, monitored

11:34 HR down to 133/min. Temp monitored = 36°C

12:39 Another BP cuff placed on right arm

14:04 Subclavian line placed

14:50 BP 110/46 by arterial line

15:18 3L crystailoid, 2 units RBC’s, warm plasma given

22:35-30:23 X-rays

29:58 Still rapid infusion. HR 122/min BP keeps drifting
down. Bleeding from GSW

30:54 Fresh frozen plasma ordered

31:16 Request made to move to OR as team suspects aorta
and vena cava are injured

* For confidentiality and medicolegal reasons. an< neciuse it does not change the issues

described and discussed. the adult male patients one and two are not turther identified.




Tabie 3:

* Adapted in part from S.G. Har, Workload:
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Comparison of real anesihesia enviromment o simulated 2nviromment™

AL 3N/

Real Anesthesia Environme:.

Uniimited variability of
patients and clinical scenarios.
Uncertainty for all anesthesia

personnel.
Occurrence of unique events.

Cax result in unrelenting, long-
duration high stress in multiple
sequential or simuitaneous patients.

Many different management
strategies possible.

Performance decrements, chronic
fatigue and illness.

Extensive training necessary

Complex interactions (patient,
team, OR staff, drugs, etc.).

Patient monitors may not work
because of patient, electrical,

blood, vomit or movement interference.

Cause of alarms may be artifactual
or not clinically relevant (e.g.
probe not attached, ventilator
known to be not connected).
Patient fatality possible.

Adverse peer and medicolegal
consequences for errors.

Group decision-making [anesthesio-
logist(sj, nurse(s) and surgeon(s)].

Y

~n 7 . - I 2o ¢ "
repourt?  What 13 reference? Vol # 7 vear,

Simulated Anesthesia Environment

Variability limited by constrants

of simuiated patient and clinical
simuiagon:.

Uncertainty restricted to those
using the simulator.

Events limited bv numbers and
types of simuiations available.
Stress limited by duration of
simulation. Only one patient
simulated.

Management strategies generaliy
more restricted.

Performance decrements, momentary
fatigue.

Limited training required.

Simple interactions (no real patient,
or team, OR staff acting, no real

drug responses etc.).
Patient monitors are usually
simulated and therefore real
interferences do not occur.

Alarms more contrived and may
indicate a more noteworthy event
for the participant.

Absence of adverse patient outcome.

No medicolegai impiications but
lower peer rating for errors.

Individual or limited group decision-
making.

A new perspective. Table 2, pl9 NASA
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VIDEO ANALYSIS OF TWO EMERGINCY TRACHEAL INTUBATIONS IDENTIFIES ERRORS
IN DECISION MAKING
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Department of apest@eswiogy Javersiy of Marviaad, Marvidod Lastimuie cor CTmergenctr Meaicoe
SUIEMES) woe Maz-itens Cvvtems Swinimore, Marviand.

Summary  Two viceo @pes of real anersency trachen intubations show how 4 ciiun of crrors can cesuit [Tom o singfe
INAPPropruue decision. Tie apes uiso idendfly errors precipitated by an inexverieaced larvagoscopist and by lack of
famiiiartty with aiternative devices for smergency asirway management. Lasdy the tapes demonstrate impaired vigilance
due ‘0 distractors and the «Fects of suress on verbal communications between supervisor ind trainee.

Ve juaied video tapes of two cmergency tracheal intubauons in ‘vhich 1 :ombimation Of unusudl rcumstasces.
Srroneous aformation, ipappropnate decision making and judgement errors occurred.  Video anaivsis of Jecision maxing of the
pesthena team during these stressrul inmbations was used to Jetermine whether there were uny changes requred ia our algonthm
or protocols for emergency management of the trauma patient’s airway.

Methods Video tapes were acquired by a mintarure camera suspeaded from the roof of two resuscitation areas at MIEMSS.
The fieid of view inciuded the anesthesioiogy team and the audio chaanel caprured team commumications. The physioiogicai
monors were iaterraced io a PC wiich inciuded video overiay technoiogy. Cuatinuousiy updated piaysiological data (heart race.
blood pressure, end tidai CQ, (ETCO.) and O, saturatiou /Sa0.)) were overiaid onto the video image in real tune during tracheal

watubation when they were monitored. The video tapes were analyzed with OCS Tools 2 commercial video agalysis software
package.

Resuits The first patient (PT1) had tightly clenched jaws, an untrecordable blood pressure due to hemorrbage from ua addomigal
gun shot wound and no intravenous (IV) access because he was a drug abuser. The second patient (PT2) had aa “arrest” in the
fieid ? head injury, ? drug effect, ? seizure and was inadequately ventilated with an esophageal obturator airway (EOA).

The trauma team leader requested immediats tracheal intubation of PT1 after he was initiaily ventilated by face mask.
Succinyicholine (SUX) was given into the tongue by the anesthesiologist and 2 nasal intubation attempted by 2 nurse anesthetist.
The patient gagged and vomited repeatadly when the tube was in the nasopharynx. SUX was given [V after cut-down gave access
3 1/2 min later. SUX took 1 1/2 mia to circulate and produce relaxation adequats for tracheal intubation.

PTZ was unconscious and hand veatilated through and EOA which appeared clinicaily adequaze. Veutilation was then
deiegated t0 ag emergency medicine feilow (EMF) undergoing tracheal intubation training. SUX and 50 mg pentothal was given
IV. The EMF had difficuity visualizing the cords but stated “the EOA is in the trachea.® The anesthesiologist told the EMF
to "venulaie again and take it (the EOA) owt and change to an ET tube.” Cricoid pressure was applied. the EOA removed aad
the rachea intubated by the EMF with some difficulty. The patient was ventilated 5y Ambu bag and right «adobroachiai
intubation was discovered and correcied. The veatilator was connected but had been accidentially switched to pressure support
mode and therefore initially failed to ventilate the patient.

Riscussion PT1 M SUX is a reasonable IV alternative that did not act because of poor perfusion. There was a failure to use
available ETCO, monitoring. The decision was erroneous to abandon face mask ventilation. That error was compounded by
atempted nasotracheal intubation which precipitated a dangerous regurgitation of stomach contents with oo airway access.
Discussion P17 The anesthesiologists were not completely familiar with the EOA. [n retrospect, blood gases show that the EMF
incorrectly diagnosed that the EOA was in the trachea. This error precipitated the risky maneuver of removing the EQA before
the ET tube was 1 place. This decision could have caused aspiration of gastnc conteats. [he anesthesiologist was anxious about
the EMF"s skill and couid have personaily checked the EQA piacement before deciding to remove it. Endobronchial intubauon
Jdistracted fum :rom Jetermimng the cause of the ventilator failure.

Cunciusion The wigonthm [0r arway managemenc ‘vas MOUified. ¥0ea 00 1V CCESS 40U CIEDCHEU jaWs GOLUr villl ww periiaiul,
to provide mask “entiiauon thea cricothyroidotomy or mask ventilation unul [V iccess is secured. These two patients illustrate
that protocois tfor <mergency iatubation shouid inciude ETCO. moniwonng. The two videotapes wenufy hazards to the pautent
mcluding ') :pexpenenced aurway management. 1) (nformation uncertancy leading to wappropnate decisions. ) unamiiianty
4) ‘udygement :mpaired Hv stress und YV faiure ‘o use avaliaole STCO. momtors that could ave
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For presantaticn in a symposium, "Real Werl: Froblem Solving and Decisicn
Maring," at the anrual Meeting of the Cognitive Science Society, Boulder, <O,
June 18-21, 1993:

ECISIQU MAKING BY ANESTHESIOLOGISTS DURING TRAUMA TREATMENT:
EFFECTS OF STRESS ON TEAM INTERACTIONS

Richard L. Horst, Ph.D.
Man-Made Systems Corporation
Ellicott City, MD 21042

Of particular interest in settings where skilled individuals function as a team
are the relationships between team performance and individual decision-making
and how overt behaviors influence one’s teammates. Verbal commnications among
teammates are especially critical to effective team performance and can serve
to either increase group cohesiocn or work to its detriment. As part of a’
multi—disc1plinary investigation of "naturalistic" decisicn-making under
stress, in collaboration with the University of Maryland Anesthesiology
Rasearch Laboratory, we are analyzing video recordings of trauma teams treating
patients upon admission to a Level One trauma center. The data to be reported
here focus on the freguency, content, and patterning of verbal commnications
among the trauma tean. In that oxr primary interest has been on anesthesiolo-
gist decision-making, the placement of the micxophone favored the recording of
anesthesiology team interactions near the patient’s head, although camments by
any team member that were sufficiently loud to be heard by the entire group
were also discernable. Verbalizations were categorized and related to the
stressfulness of the conditions under which the teams were functioning.
Compariscns were made between cases invalving hJ.gh ard low injury severity and
between various segments of particular cases, i.e., pre-, post- and during the
induction/intubation of the patient. Retrospective ratings of the scenarics
aleng six dimensions of stress/workload confirmed that the high severity
patients and induction/intubation segment of a case placed the most task
demands on the trauma team. Preliminary results have indicated that there were
svstematic differences in verbal commnications during periods entailina
different levels of stress. During periocds when the team functioned under
higher stress, verbalizations tended to increase, often occurring

simultaneocusly, and their content became more focused on task-~relevant
comments, particularly regquests for assistance and information. Swprisingly,
strategic decisions were not ofton comminicated explicitly. The results

suggest “raining strategies for improving communications and team performance
in this and related settings.
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