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DRAFT*** Information for Prescribers ***DRAFT 

CAUTION: FEDERAL LAW RESTRICTS THIS DEVICE TO SALE E3Y OR ON 
‘I’lJE ORDI~R OF A PHYSICIAN WE-IO HAS COMI’IXTED TRAINING IN THE 
USl; OF Tl<E DEVICE. 

The uxr must receive specialized training in the use and interpretation of the STAN 
S310 Fetal Heart Monitor’s Fetal ECG analysis feature to ensure proper performance 
and safe use of this device. 

Read all instructions, including INDICATIONS, CONTRAINDICATIONS, WARN- 
INGS and PRECAUTIONS, prior to use. Failure to follow these instructions could re- 
sult in serious patient injury. 
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I DEVICE I~I:SCRIl’TlON 

Indications for Use 
The STAN S3 1 Fetal Heart Monitor Fetal ECG Analysis System IS Indtcat- 
ed as an adjunct to fetal heart rate monitoring to determine whether obstet- 
rical Intcrvcntion IS warranted when there is Increased risk of developing 
metabolic acidosis. 

This device is intended for use in patients with 

* Planned vaginal d&very; 

. >36 completed weeks gestation; 

* Singleton fetus; 

l Vertex presentation; and 

* Ruptured amniotic membranes. 

Device Components 
The STAN System consists of a Main Unit, which physically consists of 
two modules, a Display Unit (DU) and Patient Interface Box (PIB) inter- 
connected mechanically and by cabling. Included in the system are also pa- 
tient sensors and embedded application software. 

Fetal ECG and fetal heart rate (FHR) are measured continuously via a scalp 
or spiral electrode placed on the fetal vertex and connected via a ‘legplate’ 
connecting cable to the PIB. 

The legplate includes a connection for a skin electrode to be placed on the 
maternal thigh. This electrode provides a reference which is essential in ob- 
taining the FECG wavefomi. 

Uterine activity IS measured either by an external transducer (tocodyna- 
momcter or ‘TOCO’) placed on the abdomen of the mother or by an mtrau- 
termc pressure catheter (IUPC) connected via an adapter cable. External 
ultrasound monitoring is a standard functionality in Electronic FHR mono- 
tormg The STAN S3 I IS also capable of measuring fetal heart rate (but not 
ST) using an ultrasound transducer. A spiral clcctrodc is ncedcd when- 
ever FECG is to be rccordcd. 

The TOCO, IUPC, ultrasound transducer and spiral electrodes must bc pur- 
chased separately from the STAN System. The STAN S3 1 is designed for 
USC with commercially available disposable single-spiral electrodes that arc 
compatlblc with STAN S3 I 

Information for Prcscnbcrs 



I DEVICE DI?SCRIi’TION 

0 . 
CAUTION: Uac of other clcctrodcs may cause, the ECG signal from the 
scalp electrode to lx of msufficlcnt quality and result 111 a poor quality rc- 
car-dlllg 

General Technical Description and Princi- 
ple of Operation of the STAN System 

The STAN System 1s operator controlled by means ofa touch-screen which 
IS also used to display EFM and ST information in real-time. Patlent infop 
matlon and notes can be entered with a keyboard FHR and uterine activity 
signals are presented onscreen as is standard with traditlonal EFM. 

When fetal ECG is recorded with a spiral electrode, changes in the T wave 
and the ST segment of the FECG are automatically identified and analyzed 
by the application software. The analysis is displayed in the lower section 
of the screen as a series of data points (‘T/QRS crosses’) and event markers. 
In addition, the system includes an Event log (to the left of the screen) 
where ST and other important events are described. 

The ST analysis identifies patterns and changes in the T wave and ST seg- 
ment and displays events based on the analysis of those changes. All events 
are stored in the Event Log. The user considers their interpretation of the 
standard EFM parameters together with the ST analysis results. STAN 
Clinical Guldclines help the physician or midwife decide what action 
should be taken clinically in relation to FHR changes and ST-events. 

Algorithms and Software 
The STAN System Application Software controls the data handling during 
a recording The two major components of the Application Software arc: 

l The Main Software running on the CPU on the Mam Board in the Dis- 
play Unit which handles high-level signal processing, user interaction, 
data presentation, and system control, and 

* The DSP Software running on the DigItal Slgnal Processor on the DSP 
Board in the PIB which handles digital filtering. 

The function of the STAN S3 1 is highly related to the graphical user Inter- 
face of the Main Software running on the Display Umt. Data arc displayed 
continuously on screen and also on paper Ifa local printer IS connected. Ex- 
ternal ultrasound recordmgdlsplays only the FHR, whllc mtcrnal rccordmg 
using a spiral electrode can show, m  addition, the fetal ECG wave-foml 

Using fetal ECG informatlon, the STAN S3 1 fetal heart monitor calculates 
and displays a ratio of the amplltudc ofthe T wave and QRS complex ofthc 
fetal ECG (‘TIQRS’), and also calculates the incidence of abnormal “blpha- 
SIC” ST waveforms. T/QRS ratio changes are constantly momtored and a 
message is prlnted in the event of a significant increase over time. 

Ncovcnta Medical PRD IO1 013/l P2H 
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The STAN algorithms use two slgnal charactenstlcs dcrlvcd from the 
1~ECG to dctcrminc cvcnts ST segment slope dlffcrenccs and T’QRS an- 
pl~tudc dlffercnccs The algorithms generally operate by comparing the la- 
C\I sample (clthcr an ST scgmcnt 01. 3 -rxycs \ aluc) to an cstabllshed 
hasclinc to see if there IS a change 

nc s-r.m systm calculates an avcragc f;c‘G wavzfom~ from the FECG 
channel (scalp-to-skin Icad). Every fetal hcartbcat gcncratcs an FKG con- 
plcx, which IS assessed by STAN@ S3 1 againsr strict quality cntcrla. The 
FECG complcxcs satlsfymg the quality cnterla qualify for the subsequent 
analysis. The averaging IS performed over 30 consecutive qualified FECG 
complexes. The device uses the average ECG waveform to process the Ti 
QRS ratios - the ratio between the T-wave amplitude and the QRS-complex 
amplitude. A T/QRS baseline is computed every minute and monitored for 
multiple characteristics, contributing to a determination of a T/QRS dlffer- 
ence and the identification of a significant event. The initial 20 minutes are 
used to collect T/QRS baseline data to allow for a robust determination of 
starting values used by the processing algorithms for event detection. 

The ST analysis software conditions and analyzes the raw ECG signal to 
Identify additional characteristic parameters of the T wave and QRS com- 
plex used in decision making. The decision algorithm evaluates these pa- 
rameters lookmg for the 3 types of events: episodic T/QRS rise, baseline 
T/QRS rise, and biphasic ST. Biphasic is a term that indicates that the slope 
of the ST segment has become negative, which the decision algorithm uses 
as an indicator of fetal abnormality. Biphasic events are further classified 
into category I, 2, or 3 indicating that the slope IS above baseline, crossing 
the baseline, or below baseline, respectively. 

At start up the system calculates a baseline to detect T/QRS rises. This can 
take a maximum of 20 minutes. During this time it is possible that the sys- 
tem does not register all ST-events. The device indicates when the signal 
quality is poor or when breech mode is activated. When the signal quality 
is poor the device may not register an event. Signal quality, as with internal 
FHR monitoring is dependent on the sensor making good contact with the 
fetal scalp. 

There are 2 modes of clinical operation: 

* Recording Mode - used to record data 

* Signal Mode - used to check fetal ECG slgnaf quality 

A Review Mode IS used to review previously recorded data while record- 
ing. A Demonstration Mode IS avallablc for simulatmg a patient rccordmg. 

Information for Prescribers STAN@ S3 I fetal hear, monlfor- 
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Il. INDICATIONS, 
CONTRAJNDJCATJONS, WARNINGS, 
PRECAUTIONS, AND SIGNAL 
QUALITY 

A. Indications for Use 
The STAN S3 1 Fetal Heart Momtor Fetal ECG Analysis System IS indlcat- 
ed as an adjunct to fetal heart rate monitoring to determine whether obstet- 
rical intervention is warranted when there is increased risk of developing 
metabolic acidosis. 

This device is intended for use in patients with: 

. Planned vaginal delivery; 

. >36 completed weeks gestation; 

l Singleton fetus; 

l Vertex presentation; and 

* Ruptured amniotic membranes 

B. Contraindications 

PRD 101 013/l 1’211 

Use of the STAN S3 1 fetal ECG analysis function is contraindicated rn the 
following situations: 

l Non-reassuring, Grade 2 Fetal Heart Rate classification (as defined in 
the STAN S3 I Training Materials). When fetal asphyxia has been 
severe and long lastmg, the ST wavefonn returns towards normal, 
reflecting a markedly reduced ability by the fetus to respond. A change 
over time can not be expected, thcreforc rcliancc on ST went sig- 
nals in this situation may lead to serious adverse neonatal outcome. 

* In patients for whom use of a fetal scalp electrode IS contramdlcatcd 
such as: 

* IIIV 

- Infcctlous hcpatltls 

* Active herpes s1mp1ex VIIUS 

* Known or suspected fetal coagulation disorder 

a Patients with fetal blccdmg disorders Chronic fetal bleeding (cg due 
to partial placental abruptlon) leading to loss of fetal blood volume may 
rcsuh in a reduction 111 the margin of safety or time that the fetus can 
successfully respond to hypoxia. 

InformatIon for Prescribers STAN@ S3 I &II lIcn,-/ ,UOI?I~OI 



8 II Ih’DICATIONS, CON TRAINDICATIC)NS, WARNINGS, PRECAUTIONS, AND SIGNAL QUALITY 

hlonltoring inltlated In the second stage of labor, since time may be 
InsufficIent to establish the baseline fetal ECIG data rcqulrcd for artto- 
l l l;I~Ic ST cvcllt slgll;lls 

I’atlcnt~ cxper~~~~ing prccipltous labor. as rapid labor may pr-ccludc 
~CY+IISI~IOII of~~zccssary tnszllne fetal ECG data 

ht~ent\ rcccl\‘lng Transcutnncous ElectrIcal Ncrvc Stlmulatlon 
(1 ENS) for nnalgcs~n during labor bccausc TENS may mtcrfi:rc with 
acqulsitlon of the fetal KG signal 

Pat~cnts rcqulrrng immediate delivery as In the followmg sltuatlons 

l Conditions that preclude vaginal dchvcry such as documented or 
suspected placenta previa 

l Cord prolapse 

* Need for immediate delivery unrelated to fetal heart rate or fetal 
ECG such as active maternal or fetal bleeding. 

C. Warnings 
Warnings in this manual are identified by the WARNNG symbol shown 
below. 

A 1 . 

A 1 . 

A  1 . 

A  1 . 

A warning alerts you to potentially serious outcomes (death, injury, or ad- 
verse events) to the user or the patients. 

. WARNING: Intrapartum management of the fetus is a complex proc- 
ess that uses a variety of maternal and fetal considerations in the formu- 
lation of clinical decisions. The STAN Training Program and 
Guidelines are recommendations that are based on extensive clinical 
investigation and subsequent prospective clinical use. STAN Training 
Program and Guidelines are not a substitute for individualized clinical 
assessment and decision-making for each patient. 

* WARNING: ST analysis is only an adjunct to fetal heart rate monitor- 
ing and should never be used exclusively to make patient management 
decisions There are situations in which the fetus is experiencing 
hypoxia but an automatic ST event signal may not appear. These 
include the following: 

* Inadequate tmic to obtain baseline ECG 

* Poor slgnal quality 

- Pre-cxlsting hypoxia 

If thcrc IS reason to behcvc that any of the above apply, clmlcal dcci- 
SIOII making should not include ST analysts 

* WARNING: Centralized Monitoring Systems connected to STAN can 
dlsptay EFM tracings for FHR and uterine activity but may not support 
the display of Fetal ECG analysis informatlon (ST analysis data). In 
this case ST information including events and signal quality infonna- 
tlon will not be available on the Centralized Monitoring System. Fail- 
ure to regularly check the STAN monitor and Event Log for important 

Ncoventa Mcdlcal I’RD 101 013/l P2H 
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A 1 . 

A 1 . 
A  1 . 

A 1 . 

A 1 . 

A 1 . 

A  1 . 

A  1 . 

A 1 . 

A  1 . 

A  1 . 

ST information dlrcctly, espccrally during pcrlods of non-rcassurmg 
f&l heati rate, ~~~ay~Icad to important Informnt~on bang III~WXI and 

IllJlll-y IL, the pa~~Cmt 

- \\Y,RKIKC: Do not rely solely on the appear-ancc of an ST e\ut 

marker to signal the need for obstctricnl intervention. If you suspccr. 

on the basks of FHR-only and/or clinical data that the fetus 1s expcri- 
cnclng scvcrc hypoxia, 4’0~1 should manage the patlcnt accor~i~~~gl) 

despite the abscncc of an ST event marker. 

. \VARNING: If the fetal ECG analysis capability 1s lost, manual mtcr- 
pretation of ECG/ST data should nor be attempted. Clmical manage- 
ment should be based on available data, e.g FHR. 

* WARNING: When fetal ECG analysis has not been avaIlable for 24 
minutes and efforts to readjust the monitor fall to restore the signal 
Clinical management should be based on available data, e.g., FHR. No 
inferences regarding fetal status should be made on the basis of earlier 
fetal ECG analysis. 

* WARNING: At the start of a recording, special attention should be 
paid to the log, and visual inspection of the FECG signal. If a “Poor 
FECG Signal Quahty” event is active in the Event Log, adequate meas- 
ures should be taken to improve the signal quality (by re-applying the 
electrodes if necessary). 

* WARNING: Fetal ECG is similar to, but not the same as Adult ECG. 
Fetal heart pathology, such as hypoplastlc left ventricle, can not be 
diagnosed from the fetal ECG signal. Even if the fetal ECG pattern 
appears normal, it can not be assumed that the fetal heart is normal. 
STAN S3 1 is not a substitute for a fetal echocardiography exam. 

* \VARNING: Before using STAN S3 1 output, verify that the ECG 
complex is of a normal appearance, by observing the raw ECG-signal 
in Signal Mode. In the event of a constant, non-fluctuating fetal heart 
rate, ensure that no other device is interfering with the STAN S3 1 sig- 
nal. 

* WARNING: The STAN S3 1 displays an inverted ECG waveform pat- 
tern (negative P waves) when the STAN S3 1 is applied on fetuses in 
breech presentation. If an inverted ECG is observed, fetal presentation 
and correct placement of the scalp electrode should be reassessed. 

* WARNING: If insufficient monitoring time has accrued, STAN may 
be registering T/QRS signals but may not be ready to automatically sig- 
nal ST events. In this situation, it may be possible to manually/vlsualIy 
detect a rise in T/QRS before an automatic ST event appears on the 
screen. For example, a prolonged bradycardia may occur with an 
accompanying rise in T/QRS before an ST event appears. In such situ- 
ations, you should treat the observed T/QRS rise as a sigmticant event 
in making patient management decisions. 

l \VARNING: Locate the monitor near the patient in a position that 
ensures It cannot accldcntally fall on to the patlent. Failure to do so 
could result m  patlent injury 

* WARNING: The STAN S3 I fetal heart monitor is not shicldcd against 
electrocautery equipment or defibrillators and must not be used 
together with or m  proxmlity to f lammable substances, e.g. anacsthctic 
gases. 

- WARNING: STAN S3 1 should be used only in rocms that are rcla- 
tively free of dust, molsturc, vibrations and extreme temperatures 

PRD 101 013/l P2H Information for Prcscribcrs STAN” S3 1 @al heat-r nwni/or 
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A 1 
A ; . 

A T . 
. 

A 1 . 

WARNING: Ncovcnta Medtcal guarantees the functtonmg of the 
dcvicc only if it IS used within the tcmpcraturc range 50-104 dcgrccs t- 

\\‘ARNlN<;: Motsturc - En\urc that the equipment and all its cables 
arc (11-y when used Condcncnnon may occur rf it IS moved fr~~m one 
bu~lti~ng to another. Should this be the case. dry the cquipmcnt thor- 
oughly lmor to mains connection 

\VAIIh’IKG: The STAN S3 I should not be used to monitor patients 
during water births, III whirlpool or submersion water baths, during 
showers, or 111 any other sttuatton where the mother IS tmmerscd in 
water. Doing so may result 111 clectrtcal shock hazard. 

\VAliNING: Radio transmission equipment, mobtlc t&phones, mag- 
netic resonance imaging (MRI) machines etc. may affect the function- 
mg of the device and must not be used in its proximity. Parttcular care 
must be observed during the use of strong emission sources such as 
electrocautery, to prevent electrocautery cables etc. being laid over or 
near the device. 

D. Precautions 
Precautions in this manual are Identified by the CAUTION symbol shown 
below. 

A caution alerts you to exercise care necessary for the safty and effective 
use of the STAN S3 1 system. 

0 0 

0 l 

STAN@’ S3 I f&l heo7-7 7770771107~ Neovcnta MedIcal 

l CAUTION: Signal quality must be continuously evaluated in order to 
use the fetal ECG as an adjunct to fetal heart rate in clinical manage- 
ment. Signal quality problems should be suspected in the following sit- 
uations: 

* Signal information window reads “ST disabled” 

* Event log reads “Poor FECG signal quality” 

l Difficult to see QRS complex 

* Signal bar shows level 2 or less 

In the event of signal quality problems, the following corrective 
action should be taken: 

* Check skin electrode 

* Check scalp electrode 

* Check legplatc cable 

See section below for further mformation regarding signal quality. 

- CAIJTION: The safety and effecttveness of the STAN S3 I System has 
not been systemattcally evaluated in the following situations 

* Immature fetus (less than 36 gcstational weeks) 

* Twin gestation 

PRD I01 013/l P2H 
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0 0 
0 0 
0 0 

0 l 

0 

0 

0 . 
0 . 

l Breech presentation 

I IO\VC\,CI- STAN S? I 15 capable of monitormg breech anti t\\‘~n gcst:r- 
~IOIY,. so of you do chose to USC the &WCC in this/these situatrons you 
\hould take note otthc fol lowmg 

- lJrt32ch l’rescntation attachment of a spiral fetal scalp elcctrodc lo 
breech ~‘111 result III an invcrtcd fetal KG pattern The STAN 1no11- 
~tor IS equipped with a “breech mode” function that should bc mm 
ated IU the cvcnt that there IS a clear indication for attempted vaguml 
breech delivery by a clinician with requisite skills. 

. ‘l’wn Gestation. m  the case of twins, the spiral electrode can only 
be applied to Twm A, thus fetal ECG data will only be available for 
that twin. Twm B can be monitored exclusively with external Dop- 
pler transducer using the STAN system. The STAN Clinical Guidc- 
lines, which are based on fetal heart rate plus ST data analysis, can 
only be applied to Twm A in the case of twins. Clinical manage- 
ment decisions regarding Twin B can not be based on STAN Guide- 
lines because ECG analysis is not available. 

* CAUTION: The STAN S3 1 ECG analysis feature IS only an adjunct to 
conventional fetal heart monitoring, and should not be used as a substi- 
tute for clinical interpretation of FHR. 

l CAUTION: All Instructions for Use, Contraindications, Warnings and 
Precautions for the use of the fetal scalp electrode should be observed. 

* CAUTION: The STAN S3 1 should not be used if amniotic mem- 
branes have not fully receded away from where the scalp electrode has 
been applied. Contact between the electrode and membrane fragments 
could result in erroneous fetal ECG measurements. 

* CAUTION: Do not attempt to rupture amniotic membranes with the 
scalp electrode. Doing so may result in erroneous fetal ECG measure- 
ments. 

CAUTION: Take care that the cables of the STAN S3 1 are not dam- 
aged during use or storage. Transducers and other connectors may be 
damaged if stepped on. When connecting cables and transducers, make 
sure there is no risk of anyone stumbling or tripping over the cables, 
since the patient and fetus may be injured if the scalp electrode or skin 
electrodes arc pulled off. Connect only the mains cable to the mains 
supply. 

CAUTION: Do not use STAN S31 if the outside monitor cover 
appears to bc damaged. Doing so may result in patient injury and 
instrument malfunction. 

. CAUTION: Do not remove the outside monitor cover. Doing so may 
result In clcctrical shock hazard There arc no user-scrviceablc parts 
inside. 

E. EJectrical safety precautions 

0 . 
* CAUTION: Avoid contact between the scalp electrode, skin clectrodc 

or legplate contacts and earth or any electrically conductive object. 

I’RD 101 01311 I’211 Information for Prescribers 
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0 . 
0 . 
0 0 
0 l 

. 

CAUTION: Power source The STAN S3 I fetal heart momtor must 
hc used only wth a power source of I OOV/OO I Iz The maIns cable has 
thrci. conductors for c01i11cct101~ to an earthed wail socket The system 
niu\t be connected to an outlet ~1t1i proper protective earth \\‘iring 

(‘AUTION: Incorrect mains conncct~on - Check that the cqulplncnt I\ 
not conricctcd to the nmm by any component otkr than 11ia11i\ cable 01 
approved trollq 

C‘AUTION: Earth connection - The STAN S3 1 fetal heart monitor 
must have a protcct~ve earth connection All forms of eal?h leakage rcp- 
rcscnt a potential safety risk that may seriously Inlure patient and opcr- 
ator 

CAUTION: System combmations - The electrical devices that may bc 
connected to STAN S3 I (Maternal Vital Signs Monitor, Thermal 
Recorder, network interface adapter and Central Monitormg Systems 
through the serial port Isolation adapter) arc described m  the STAN S3 I 
User Manual. If other medical electrical devices are connected to the 
patient, these devices should be powered from separate power outlets, 
and not from multiple socket outlets, to ensure the highest level of elec- 
trical safety. Contact a qualified techniclan or the supplier for more 
information. 

F. hmportance of signal quality 
Signal quality may deteriorate for a short period oftime due to the electrical 
noise introduced by active movements of the mother. Short-time loss of 
ST-information may also be caused by maneuvers involving the area where 
the scalp electrode is applied, such as vaginal examinations or fetal scalp 
blood sampling Usually, in such situations, the signal quality and the ST- 
mformation will recover spontaneously. A “Poor FECG signal quahty” 
event will be recorded in the Event log if no ST-datapoint has been plotted 
for more than 90 seconds. If the signal quality does not recover spontane- 
ously, the followmg corrective action should be taken. 

l Inspect the FECG signal window and make sure a “Fetal ECG” is what 
is recorded. Observe appearance of the complexes, amplitude, and level 
of noise 

* Make sure the skin electrode is properly appllcd: skin prepared as rec- 
ommended, skin electrode is well-attached and not placed ducctly over 
skeletal muscle. A poorly attached skin electrode will increase suscep- 
tibllity to electrical noise 

* If necessary change the scalp electrode A loose scalp electrode usu- 
ally causes low amplitude FECG complexes and poor signal quality 

Recommendations for addressing 
suspected poor signal quality: 

l If the FHR is reassuring and 
. signal quality recovers, continue STAN momtormg according to 
guidcllncs 

Ncovcnta Medical PRD 101 013/I P2H 
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. signal quality doesn’t recover and the S f data contmucs IO bc IIIISS- 
ing, It IS the Individual cl~n~c~rm’s dccwon for ho\!, long signal rccoverq 
altempts should contlnw If‘ slgnal docw’t Icco\‘cr and I’f JR bcco~nes 
non-reassurilig. plcasc see‘ bclo\\ 

If the FIlli is non-rcnssuring grade 1 and 

. signal quality imprwcs immediately with no STgaps loligcr than 4 
minutes. contmuc STAN monitoring according to the gu~del~ncs 

. signal quality can not be re-establlshcd and the ST Infomat1on IS 
not satlsfactoly, base the clinical dec~slon on FHR data 

If FHK is non-reassuring grade 2 (prctcrminal) 

. Inmcd~atc Intervention IS Indlcatcd 

Information for Prescrrbcrs STAN@ S3 I feral heart mouiror 
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III. ADVERSE EVENTS 
The tiw~cc vms cvaluatcd III a prwpcctl\~c. r:i1itio1n17cd. controII~:d clinical 
tonal of nearly 5000 pat~cnts (SMT~I~~ f~andomttcd Controlled 7.I-I~I or 
SRCI‘) Thcr-c vi crc 29 adverse outcomes 111 that study 

- f’ertpartum death (3) 

. m~ldlmodcratciscverc enccl~halopathy, with or WII~OLI~ mctaholtc X- 
dosts (I 1) 

* nconatcs admtttcd to Special Care Baby Untt (SCBU) vvtth metabolic 
acidosis and other symptoms (I 5) 

There IS only parttal overlap between the above cases and the total number 
of cases m the study m which metabohc acidosis was documented (46) 
The mcomplete overlap is explained by the fact that some of the infants 
with umbilical cord metabolic acidosis were cfmicaffy perfectly normal, 
vtgorous neonates with htgh Apgar scores. These Infants were not included 
in the count of “adverse outcomes ” Alternately, some infants with normal 
cord blood or unavailable cord blood showed evidence of intrauterine hy- 
poxia and/or asphyxia. These made it mto the category of “adverse out- 
cOnleS I’ 

Study Arm Study Am 

Death (intrapattum) 
Severe Encephalopathy 

FHR-only FHR + ST 
1 2 
3 0 _ _ - 

Moderate Encephalopathy 4 
Mild Encephalopathy ~-___ I 
SCBU Admissions IO 

0 
3 
5 

Table I Adverse Events 
Of the 3 peripartum deaths in the study, 2 were in the FHR + ST arm and I 
was in the FHR only arm, and the difference between the two arms was not 
statistically significant. There were no cases of moderate or severe enceph- 
alopathy in the FHR + ST arm. Of the 15 babtes admitted to the SCBU with 
metabolic acidosis and “other symptoms” not neurologic in nature (e.g., 
respiratory problems), all were discharged m good condition without evi- 
dence of sequefae. 

The device was also evaluated in two trials in the Umted States. The first of 
these trials was intended to test the trainmg program and dtd not involve 
any pattents. The second trial was intended to study use of the device for 
cltnical management of pattents m the Untted States 

In thts second study, 530 pattents were enrolled The protocol called for a 
case based analysts of all cases wtth cord artery pHc7.15. Of these 27 cas- 
es, there was one case of metaboftc actdosis (pff 6.88, BDecf 14.4 mmof/ 
L) but this infant had Apgar score of 7 an 8 at I and 5 mmutcs respectively, 
and was not one of the 8 Infants admttted to the NICU. 

Pf<D 101 01311 P2fI Information for Prescribers STAN” S3 I J&o1 hear/ mottrlot 

One case had a poor outcome during the neonatal period. Of 4 cases with 
pfi ofs7.05, one infant (pH 7 05, BDecf IO.3mmol/L, Apgars 6 and 8) was 
admitted to the NICU for observation due to grunting, maternal fever and 
possible sepsis At 28 hours of age, the Infant displayed seizure activity 
fastmg for I minute. The initial EEG was abnormal. MRI two days later 
showed “acute Infarction involvmg left antenor brain stem and basal gan- 
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gl~a + portions of left frontal and temporal lobe.” The site considcrcd this 
adverse event to bc non-dc\,lce rclatcd 

lhc1~1 \vas an Important protocol dcviatlon III that tl11s subject had a pr~\atc 

phys~cinn (not a11 Invcstlgator) \\,ho atttmdcd the labor The stuciy Invcstl- 
sator obta~ncd ~r~tb~-incd consent fi-om the pat~cnt and placed the :<TAN s)“;- 
(cm. but then left the room Labor and delivery proccedcd under the 
~i~a~idgc~iie~~t of the private physician 

The one death was an infant that \vas diagnosed in utcro at approxImateI) 
28 ~vceks of gcstatlon with a hypoplastlc left vcntncle The infant died at 
approxunatcly two weeks post partum during correct~vc surgery This 
death was detennmed to bc unrelated to the use of the STAN S3 I dcvlce. 

Ncoventa Medical PRD IO1 013/l P2tj 
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IV. CLINICAL STUDlES ON THE 
SAFETY A,ND EFFECTIVENESS OF THE 
STAN SYSTEM 

A. IOverview 
A nutnber of clinical studies of the STAN system have been conducted 
since the mid-late 1980’s. These studies can be divided into 3 types: (1) 
Observational Studies, (2) Randomized Interventional Studies, and (3) US 
Bridging Studies. 

The Observatronal Studies are varied. Eearly observational studies evaluat- 
ed how well fetal ECG data corresponded to events in labor and potential 
diagnostic performance of the STAN System. Later observational studies 
evaluated how well retrospective review oftracings by clinicians blinded to 
outcome could “predict” fetal compromise (Luzietti et al, 1999 and Amer- 
Wahlin I, Bordahl P et al, 2002). In addition, following the Swedish RCT, 
the Gothenburg Study was initiated. It was a prospective, open label, gen- 
eral use, interventional study that evaluated how the neonatal outcome has 
changed with time, with the increase use of STAN in the clinic (unpub- 
Irshed). 

The randomized interventional studies were conducted to evaluate the im- 
pact of the ST analysis on the rate of metabolic acidosis. There were two 
such studies, the Plymouth Study (Westgate et al, 1993) and the Swedish 
RCT (Amer-Wahlin, Hellsten et al, 2001). The Swedish RCT is the pivotal 
clinical trial that demonstrated the safety and effectiveness of the STAN 
S3 1. Five thousand women in labor were randomized to be monitored with 
conventional FHR or with FHR plus ST data. 

The US Bridging Studies were conducted to evaluate the transferability of 
the STAN technology to US obstetrical wards. The first US Study was the 
Education Study which examined how well US clinicians learned STAN 
principles. The second US Bridging Study was the Clinical Use Study, a 
non-randomized observatronal study that evaluated hvo types ofendpoint. 
(I) correctness of clinical decisrons not to intervene in cases with non-reas- 
suring fetal heart tracing was evaluated based on cord artery pH; and (2) 
level agreement between US clinicrans and STAN experts (who were re- 
viewing tracings retrospecttvely) on the need to intervene. 
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B. Nordic S tudy on Diagnostic 
Performance of Fetal ST Analysis - Clinical 
Accuracy 

Study Objective 

Ncoventa conducted an observatlonal, non-randomized, non-mterventlonal 
study (Amer-Wahlm, Bordahl et al., 2002) to determine the clinical accu- 
racy of the STAN fetal Heart Monitor, examining clinical outcome when 
ST analysis was added to conventional intrapartum fetal monitoring. The 
objective of the study was to examine diagnostic power of FHR plus ST 
analysis to identify adverse labor outcomes such as neurological symptoms 
and/or metabolic acidosis. 

The reason that this study is so significant and is being emphasized IS that 
this study was the only study that was both non-interventional and con- 
tained an adequate number of metabolic acidosis cases to estimate scnsitiv- 
ity and specificity. 

Study Endpoints 

Endpoints included operative delivery and intervention rates and the accu- 
racy measures of sensitivity, specificity, positive predictive value, and neg- 
ative predictive value. To determine the accuracy measures, a case was 
defined as warranting intervention if the case was exposed to intrapartum 
hypoxia or asphyxia based on neurological symptoms and/or cord artery 
metabolic acidosis (CA pH < 7.05 and BDecf > I2 mmol/L). 

Study Hypothesis 

None 

Study Methodology 

This multi-center observational study was conducted between 1998-99 at 
I2 labor wards (8 Norwegian, 4 Swedish) and Included a total of 573 won- 
en in labor. This period overlaps the conduct of the SRCT (December 1998 
to June 2000). The study used a prototype of STAN S2 I called the STAN 
ESST, which Included an algorithm that automatically identified ST events 
Three of the Norwegian departments had previous experience with the old 
STAN 8801 unit 

InformatIon for Prescrlbcrs STANa S3 I ,/eta/ hear/ rnonikx 
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The mvestlgators were instructed to manage labor cases on the basis 01 
CTG Information alone ST mformatlon was also avallablc. but the invcs- 
tlgators were Instlmctcd only to cheek II> signal qualrty and opcrat~on of the 
rccordcrs Afterwards, one cllnlcal rcvlcwcr c\ aluatcd rhc [f-f II<. f ST] 
tt-acmgs blinded to outcome and grouped them tither mto an Intcr\,cntion 
carcgory or a Ilon-llltcr\‘cntlon catcgo~y according to previously clc~~clopcd 
STAN guldsllncs This dctcrm~nation \i as madc by visual Inspcctlon and 
by LISII~J a computerlzcd algorlthnl. 

Study Results 

Fifteen Infants were diagnosed as having been exposed to intrapartum hy- 
poxia or asphyxia based on neurological symptoms and/or metabolic acido- 
sis. The sensitivity of [FHR + ST] clinical guidelines to recommend 
intervention in these cases was 100% (15/l 5). The specificity of the guide- 
lines was 95% (5301558). The positive and negative predictive values 
(PPV and NPV) were 35% (1 S/43) and 100% (530/530). Also of interest 
in this study was that the projected rate of operative interventions, if inter- 
vention had been taken according to [FHR + ST] guidelines, would have 
been only 7.5%, compared to the actual rate of 15.3%. 

Reference 

“Amer-Wahlin I, Bordahl P, Eikeland T, et al. ST analysis ofthe fetal elcc- 
trocardiogram during labor: Nordic observational multicenter study. J 
Matem Fetal Neonatal Med 2002; 12:260-6.” 

C. Swedish Randomized Controlled Trial 
(SRCT) 

Study Objective 

Primary objective: 
To reduce pennatal morbidity as Idcntlfied by a significant cord artery met- 
abohc acidosis (pHc7.05 and BDecf > 12.0 mmol/L) 

Secondary objectives: 
. to evaluate the use of FHR and ST waveform protocols and guidelines 

m  clmical practice; and 
. to reduce operative interventions 

Neovcnta Mcdlcal PRD 101 013/i P2H 
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Study Hypothesis 

Intrapa~tum monitoring with Electronic Fetal Monitoring (EFM) combmcd 

with ST wavefo~-m analysts wll  result in an tmprovcd perinatal outcome as 

Compaq-cd \wth III’M  alone 

‘I hc statistical hypothcsts was that thcrc would bc at lcast a 50% reductton 
it, the number of cases with metabolic acidosis, wtth a power of 80% and a 
test performed on ttic 5% level 

Other study endpomts were: 

. change in neonatal morbidity as identtfied by Apgar scores at 5 mtn- 
utes, admission to special care baby unit, and neonatal seizures or other 
neurological abnormalities; 

* change in frequency of operative delivery; 

Study Methodology 

The study was conducted at three university-based labor wards in Sweden. 
The STAN system was used in both anns of the study. In the STAN arm, 
clinicians used T/QRS event data and ST segment analysis adjunctively 
with FHR tracing to manage patients according to STAN clinical guide- 
lines. In the control arm of the study, the only data from the scalp electrode 
that was available to the clinician was continuous fetal heart rate tracing. 

For all subjects, both umbilical cord arterial and venous blood were to be 
sampled according to the following strict guidelines: The cord was to be 
double-clamped as soon as possible after birth of the baby (before the pla- 
centa was delivered) and using pre-heparinized syringes or capillary tubes 
the blood was to be obtained from both an artery and the vein. An altema- 
tive acceptable procedure was to puncture both vessels directly at delivery. 

Inclusion Criteria 

. >36 completed gestational weeks 

. in cephalic presentation 

. 111 acttve labor 

. intrapartum monitormg with fetal scalp electrode 

Exclusion Criteria 

. recording time during first stage of labor ~30 minutes 

. recording only represents second stage of labor 

- lag time between end of recordmg and delivery exceeds 20 minutes 
. trans-cutaneous nerve-stimulation (TENS) for analgesia 

Information for Prescribers STANa S3 1 fetal heat-1 mm~/or 
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* gross fetal abnonnalrty dragnosed prior to labor 

Management Guidelines 

In the control arm of the study. sul,Jects wcrc managed accordin!; to stand- 
ard FIIR-based pr-actrce The sponsor prcparcd a chart describing poss~blc 
fetal heart rate patterns during the first and second stages of labor. and a rcc- 
ommended action for the climcian to take dcpcndmg on the stage of labor 
and the heart rate pattern The definitions of fetal heart rate patterns for this 
chart were based on terminology proposed by the International Fedcratton 
of Gynecology and Obstetrtcs (FIGO) (Int J. Gynaecol. Obstet.. 1987, 
25:159-167). 

A set of clinical guidelines were developed, to be used in the [FHR + ST] 
arm of the study. The most significant aspect of the STAN clmical guide- 
lines is that they recommend clinical intervention on the basis of both the 
ECG event data and FHR pattern. These guidelines were developed further 
to become the current Classification of FHR Patterns and STAN@ Simpli- 
fied Clinical Guidelines included as part of the labeling package for this dc- 
vice. 

Patient Population 

The SRCT took place between December 1, 1998 and June 4,200O. Three 
university-based hospital labor wards contributed approximately equally to 
the total number of patients in this trial: University Hospital Lund (36%); 
University Hospital Malmo (3 1%); and Sahlgrenska University Hospital, 
Gothenburg (33%). 

Patient accounting for the SRCT is summarized in the patient tree in Figure 
1. The total number of subjects treated was 4966. The FHR + ST arm en- 
rolled 25 19, and the FHR-only arm enrolled 2447. Neoventa Medical eval- 
uated the two main clinical endpoints for this population, and referred to it 
as Analysis I. (The “Analysis II” will be explained below.) 

STAN Control 
4966 

ina_de_qua_te 
cord blood 

/ 

\\ 
inadequate 

\\ 

cord blood 
360 368 

2159---J---251 Analysis I 247 ____ I ____ 2079 
Intent-fo-Treat 

--291 Exclusions 283-b 
(Inadequate Recordings) 

made_qupte inadequate 
cord blood cord blood 

302 Analysis II 293 
1926~---l----2228 Adequate Recordings 2164---i----1871 

Figure I Swedish RCT Patient Tree 
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Interim  Analysis 

‘I he study protocol called for an intcrim analysis of the data aficr treatmcnl 
of 1600 subjects to assess the true incidence of mctabol~c acidosis in the 
study, population and whcthcr 3200 cases was sufficient to dcmonstratc a 
7O’X reduction 111 the number of newborns with cord artcry mct;~bot~c act- 
doses, assuming an incidence of I 3%, p = 0.20 and U. = 0 05. At intcrlm 
analysis, the actual mcidence turned out to bc 0 65% The result; for the 
two arms were not blinded to Ncovcnta Therefore, a second power analysis 
was done to calculate the number of additional cases needed The number 
of additional cases was 2 160. A new study deadtmc was set on ttlc basis of 
the previous rate of recruitment. 

A second result ofthe interim analysis was that Neoventa Medical decided 
to retrain clinicians in how to use the STAN system. This came about be- 
cause of protocol violations that occurred during the first 1600 cases. The 
study results were then presented for “before retraining” (n=2583) and “af- 
ter retraining” (n=2383). Because the decision to retrain came welt after the 
planned interim analysis of the first 1600 cases, the number of subjects 
treated before retraining does not correspond to 1600. 

Effectiveness Evaluation 

For the “intent-to-treat” population (Table 2), there were 3 t/2079 (1.5%) 
cases of metabolic acidosis in the FHR-only arm and 1512 159 (0.7%) of 
cases in the [FHR + ST] arm (p=O.O2). Therefore, there was a statistically 
significant reduction in cases of metabolic acidosis in the patients moni- 
tored with the STAN S2 1. The reason that the denominator numbers in 
these fractions are different from the actual numbers of subjects rand- 
omized in each arm is that 368 subjects in the control arm and 360 subjects 
in the STAN arm did not have adequate cord blood data. For example, 
blood was not sampled from both an umbilical artery and the umbilical vein 
or there was evidence from the blood gas values that cord clamping had oc- 
curred too late for the samples to be representative of true fetal hypoxic sta- 
tus in utero. 

A secondary endpoint was operative deliveries for fetal distress (ODFD), a 
category that includes instrumented vaginal deliveries including high for- 
ceps as well as ccsarean section. For the intent-to-treat population, the rate 
was 227/2447 (9.3%) for the FHR-only ann and 19312519 (7.7%) for the 
[FHR + ST] arm (p=O.O47). This difference was statlsticatty signrficant, in 
favor of the STAN system 

The rate for cesarean section for fetal distress (CSFD) in the intent-to-treat 
population was 9712447 (4 0%) in the FHR-only arm and 87/25 I9 (3 5%) 
in the [FHR + ST] arm (p=O 38) This difference was not statistlcatly sig- 
nilkant 

Cases of metabolic acidosis (p=O.O2) 
Total ODFD (p=O 047) 
CSFD (p=O.38) ~~ 
Apgar I mm < 4 ~~- 
Apgar 5 111111 < 7 

FHR FHR + ST 
3 t/2079 (I .5%) t5/2 I59 (0.7%) 
22712447 (9.3%) t93/2519 (7 7%) 
9712447 (4.0%) 87125 I9 (3 5%) 
4712447 (I .92%) 36/25 I9 (I -43%) 
2812447 (1 14%) 26125 19 (I .03%) 
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FHR FHR + ST 
Admission to SC‘131 1 I 8 112-l-17 (7 -K)?+J) 169Q519 (6.71%) 

__.-- 
Modcratc 0,. SC\ cl-e nconalal cncepilalopatll~ X:24-17 (0.33%) I J2j I”) (0 ci-rw,, -~ ~~. 
I’crInatal &arl1 I ,25 I9 (0 O-I%) 2’2519 (0 IL??;,) 

“Inadequate Recordings” 

Neoventa Medical performed an additional analysis of the clinical study 
endpoints (Analysis II) after excluding 291 cases from the [ FHR + ST] arm 
and excluding 283 cases from the FHR-only arm. (Refer again to “patient 
tree” above.) Patients in both arms were excluded for inadequate record- 
ings when the following criteria were met: 

l less than 20 minutes of data collected with the fetal scalp electrode 
(37.5%) 

. more than 20 minutes elapsed between removal of scalp electrode and 
delivery (56.1%); 

. congenital malformations (1.3%); or 

. “other” (5.1%) 

Therefore, 93.6% of the “inadequate recordings” were related to duration of 
the tracing with respect to setting ECG baseline, assessing FHR and ST pat- 
terns and to time of delivery. These tracings did not meet the standards set 
to enable optimal assessment of either FHR or ST information. However, 
they are not necessarily synonymous with “signal quality” problems. 

For Analysis II, (Table 3) there was a statistically significant decrease in 
cases of metabolic acidosis in the [FUR + ST] arm. Also, the “p” value for 
the metabolic acidosis endpoint implies greater statistical significance for 
Analysis II than for Analysis I. 

The results for Analysis II for the endpoint ODFD also reinforced the find- 
ing from Analysis I that there was a statistically significant reduction in 
ODFD in subjects monitored with [FHR + ST] compared with FHR-only. 
Again, the statistical significance of this finding improved in Analysis 11. 

For CSFD, in Analysis 11 the trend towards reduction in the [FHR + ST] 
arm became statistically significant (p=O.O4). 

FHR FHR + ST 
Cases of metabolic acidosis (p=O.O I) 
Total ODFD (p=O.O09) _____ 
CSFD (p=O.O4) _____ 
Apgar 1 min < 4 -___ 
Apgar 5 min < 7 

_____ Admission to SCBU 
Moderate or severe neonaLa encephalopathy 
Perinatal death 

27/1871 (1.44%) 1111926 (0.57%) 
173/2164 (7.99%) 13212228 (5.92%) 
63/2164 (2.91%) 4312228 (I .93%) 
38/2164 (1.76%) 23/2228 (1.03%) 
21/2164 (0.97%) l7/2228 (0.76%) 
151/2164 (6.98%) 132/2228 (5.92%) 
II2164 (0.32%) O/2228 (0.00%) 
O/2 164 (0.00%) O/222& (0.00%) 
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D. 1Jnited States “Bridging Studies” 

1. Education Study 

Study Objective 

The objective of the study was to evaluate the abibty of US obstetrrcal staff, 
who are experienced in the application and interpretation of standard mtra- 
par-turn electronic fetal heart rate (FHR) monitoring, to understand and ap- 
ply the STAN concept of fetal ECG analysis. 

Study Methodology 

This was a “virtual” clinical study which consisted of 13 US climcians act- 
ing as raters to evaluate a library of 5 1 tracings from European patients 
whose labors were monitored with the STAN S21. This library of cases 
was selected on the basis of the cord artery pH values in order to challenge 
clinicians with a range of pathology. All of these cases had previously been 
evaluated in a similar fashion by Swedish clinicians considered experts in 
the use ofthe STAN monitor. The distribution ofcases stratified by pH was 
as follows: 

- pH ~7.05 (9 cases) 

l pH 7.05-7.14 (10 cases) 

- pH ~7.15 (32 cases) 

The tracings were presented for evaluation 3 times Each time, the cases 
were presented in a random order. The 1st exam was before training on 
STAN and consisted of FHR-only. The 2nd was after complctron of trarn- 
mg on STAN which mcludcs traming in fetal heart rate tracings, but raters 
used FHR-only agam. The 3rd exam immediately followed the 2nd exam 
for that case but allowed raters to use FHR+ST. For each case, the US In- 
vestigator was to indicate whether or not an intervention was necdcd, and 
If so, the time at which the tracing mdrcated an mterventron. 

A panel of seven European chrncians, consrdered by the sponsor to be ex- 
perts m  FHR+ST analysis, had prevrously exammed the same group of 5 I 
tracings blinded to the pH data Agreement of the US raters with the Swed- 
ish experts is an aspect of some secondary hypotheses of the study. 
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Study Hypotheses 

Primary Il?pothcsis 

Tiw mxn ‘54 agrccmcnt wth true Intcr\mtlon statu\ among the 1JS rntcrs 
N ould bc statIstIcally s~gnilicanrly grcatcr for I:xam 3 (FHR+ ST) than 
Exam 2 (training complctcd. FllR-only allowed) That IS, OII avcragc, US 
raters are niorc l~kcly to make the correct dccislon using FHR+SI‘than us- 
ing FHR-only 

Secondary Hypotheses 

There were several secondary hypotheses. An important hypothcsls was 
that the mean absolute difference between the Swedish experts and the US 
raters in the median time of intervention will be less than 20 mmutes 

There was no numerical “threshold” for success. The primary and second- 
ary hypotheses were defined to be demonstrated if there was a statistically 
significant difference between the two groups being studied. 

Training for US Education Study 

The STAN simphfied clinical guidelines were modified prior to this study 
to reflect US terminology, according to the National Institute of Child 
Health and Human Development (NICHHD) guidelines (NICHHD Re- 
search Planning Workshop “Electronic Fetal Heart Rate Monitoring: Re- 
search Guidelines for Interpretation”, American Journal of Obstetrics and 
Gynaecology, 1997, Vol 177, Nr. 6, p.1385-1390). Additionally, the strip 
chart print speed was modified for the US raters to be consistent with US 
standards. Otherwise, the US participants received the same training and 
took the same certification test as described in Section VI on STAN Train- 
ing. (The “Credentialing” program had not been instituted at the time ofthe 
US Education Study.) 

Primary Hypothesis Effectiveness 
Evaluation 

Three of the 13 raters were not certified (i.e. did not pass the ccrtificatlon 
exam on the first attempt by the score of 16/l 8 required to pass) but strll rat- 
ed the tracings during exams 2 and 3. Analyses were made excluding as 
well as mcludmg these three raters 

For the LJS mvestlgators, the mean percent agreement with true Interven- 
tlon status (average consensus) was 47% for Exam I (FHR-only, before 
training), 53% for Exam 2 (FHR-only, after training), and 69% for Exam 3 
(FHR+ST, after training) (Table 4). From a repeated measures analysis, the 
difference in mean % agreement between Exams 3 and 2 was statlstically 
sigmficant (p = 0 0001) The small p value and positive difference indl- 
cates that the primary hypothesis that the mean % agreement would In- 
crease from Exam 2 to Exam 3 was met 
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As a benchmark for comparison. the European experts as a group improved 
firom 59% nmm %  agrccmcnt when reading \vith FI II<-only to 85% when 
rcadlng M,lth I:1 IK 4 ST (Table 4) 

I-11R+S’I‘. 

aficr training 

.4vcrage Range Average Range Avcragc Rallgc 
US Raters (I 3) ‘17 37-64 53 41-67 69 43-18 
EU Experts (7) I\JA NA 59 51-63 x5 75-90 

Table 4. %  Agreement with True 
Intervention Status, as Defin#:d by 
Cord Artery pH level (< 7.1 S 
threshold), N=5 1 cases. 

Secondary Hypotheses Effectiveness 
Evaluation 

When the timing of the US investigators’ decision to intervene was com- 
pared to that of the Swedish experts, the hypothesis was that the mean ab- 
solute difference between the Swedish experts and the US raters in the 
median time of intervention is less than 20 minutes. Neoventa Medical an- 
alyzed the proportion ofcases in which the median times of intervention for 
the two groups differed by less than 20 minutes. The proportion of cases 
was 89% (8/9) for cases with pH level c7.05 (the Swedish experrs did not 
intervene on one of these cases), and 60% (600) for cases with pH 7.05- 
7.14, for a total of74% (14/19) forcases with pH ~7.15. The number ofcas- 
es is too small to draw statistical inference. 

The US raters showed a wider variation in their assessment of FHR+ST da- 
ta, as compared to the Swedish experts. 

2. Clinical Use Study (CUS) 

Study Objective 

The objective of the CUS was to demonstrate that US obstetrlcal staff can 
appropriately use the STAN system, correctly interpret FHR+ST data and 
apply the STAN clinical use guidelmes on a par with STAN experts. An- 
other objective of the study was to demonstrate that the STAN system data 
can be properly used according to clinical guidelines yielding similar rc- 
suits to the results seen in the Swedish Randomized Controlled Trial 
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Study Hypotheses 

Primary Ilypothcscs 

This study has the follow, (1 co-prlniar-v hypotheses 

- con-~ntcr\,ent~on by US cl~n~cms \I III result 111 a normal outcome 75% 
or niorc of the tome 

* US clmlcians and a maJority of the Swedish experts will agree to Inter- 
vcnc 75% or more of the tlmc and ~k.111 agree not to lntcrvcnc 75% or 
more of the time. 

Prmiary Effectiveness Endpomts 

* Ncgatlve Prcdictlve Value (NW). This value represents the probabil- 
ity that non-intervention results in a nonal outcome in the cohort of 
infants with non-reassurmg FHR (NRFHR) tracings, where normal out- 
come is defined as cord artery pH~7.12 NW was defined as: 

# cases wMRFHR. STAN allows contmued labor. DH>~. I2 
# cases w/‘NRFHR. STAN allows contmued labor 

The second primary hypothesis involved two endpoints: 

* Positive Percent Agreement (PPA). This is the proportion of cases 
warranting intervention according to the STAN experts for which the 
US clinician decided to intervene at about the same time. Timmg of the 
decision to intervene must be within k20 minutes of the majority of 
STAN experts in the second stage of labor, and within +30 minutes 
within the first stage of iabor; and 

l Negative Percent Agreement (NPA). This is the proportion of cases 
not warranting intervention according to the STAN experts for which 
the US clinician decided not to intervene 

The protocol pre-specified that since the US clinicians have clinical infor- 
mation available to them that is not available to the STAN experts, who 
only have the tracing, some failures to meet the above definition of agree- 
ment may be “overruled.” Disagreements will each be reviewed, and if the 
disagreement is due to lack of relevant information by the STAN experts, 
those cases may be considered agreement. 

Study Methodology 

The US Climcal USC Study (CUS) was a prospective, non-randomized, un- 
controlled multi-center trial. Thirty-nine clinicians participated at 6 sites, 
3 of which were community hospitals and 3 of which were teaching hospi- 
tals. The study occurred in 3 phases: Education, Mot, and Pivotal. Cllni- 
cians were trained durmg the Education Phase as described In the Education 
study above. They were required to pass the certification test before they 
could proceed to the Pilot Phase. In the PIlot Phase, they were required to 
complete 5 cases where fetal ECG data was collected but not used. These 
cases were then reviewed and discussed with elthcr a Neovcnta representa- 
tive or a local expert appomted by Ncoventa. This process was referred to 
as credentialing. Local experts were experienced physlclans that have been 
through the crcdentiallng process. Cllnlcians could not proceed to the Piv- 

PRD 101 013/l P2H 



IV CLINICAL STIJDIES ON TILE SAFETY AND EFFECTIVENESS OF THE STAN SYSTEM 29 

otal Phase until they had met certain goals including the demonstratton of 
adequate undcrstandtng ofSTAN tcchnoloil;y, concept, and methodology a\ 
dctcrmlncd by the Nco\,cnta rcp~cscntat~\ c or I.ocal cxpcrt SI~ZS cor~lti not 

proceed to the PIvotal Phase WIII at Icast I Cltnrctan at the sltc h,ld p;~\vA 
the crcdcntlalmg process 

Inadequate Recordings and Signal 
Quality Problems during the CUS 

In analyzing the data from the Swedtsh RCT, approximately 600 recordings 
were excluded because they were inadequate. Ninety-four percent of these 
inadequate recordings were attributed to fatlure to meet the 20 minute rule 
for setting the ECG baseline a&or lack of STAN data within 20 minutes 
of delivery. 

During the Pilot Phase (Phase 2) ofthe CUS, 207 recordings were obtained, 
each of which consisted of at least 30 mmutes of recording. Of these re- 
cordings 5.9% had signal quality issues. 

During the Pivotal Phase (Phase 3) of the CUS, 95.4% of the spontaneous 
vaginal delivery cases had ST data within 20 minutes of delivery. Thnty 
four percent of the investigators reported that it was necessary to adjust the 
STAN monitor or sensor in order to improve signal quality. However, 
88.3% of the investigators responded on a case report form that they 
“agreed” or “strongly agreed” that the STAN recording provided adequate 
information throughout labor. Therefore, the problem of inadequate re- 
cordings observed during the Swedish RCT had to a large degree been rc- 
solved. With respect to signal quality per se, 3 cases of signal quality 
problems were traced to a connector failure within the legplate cable that 
connects the scalp electrode to STAN. The manufacturer of the cable pro- 
vided modified cables which helped resolve this issue. 

In summary, the problem of inadequate recordings has been greatly re- 
duced since the Swedish RCT. Signal quality issues persist but are largely 
addressed by adjusting the monitor or the sensor. An equipment malfunc- 
tion accounted for a few cases of poor signal quality and that has been ad- 
dressed, although one complaint that appeared related to the legplate was 
reported after the cables were modified. 

Primary Hypothesis Effectiveness 
Evaluation 

A total of 530 subjects was monttored 

Primary endpoint - NPV 
For the protocol threshold of pH > 7.12 for a normal outcome, NPV was 
95.2% (180/189) with 95% CI (91 2,97 S%), based on 189 cases with 
NRFHR tracing. Because thts pH threshold is somewhat arbitrary (and was 
different from the pH threshold for normal pH of >7.15 m the US Educatton 
Study), FDA requested that Neoventa Medical stratify the results for this 
endpoint over a range of pH values from 7 IO to 7. I5 For each of these cut 
off points, the NPV was > 92.6% and the lowest bound on the 95% CL was 
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87 9% The target for success for this prmlary cndpomt \vas met This end- 
pomt relates only to patlent\ \i,ho experlcnccd a per-iod of noli-rc:assurlng 
fetal heart rate. 

The pc[ protocol dcfinit~on of NI’V gwcn above included all cahcs for 
u hich STAN allowed cont~~~ucd labor. con if a11 mtcrvcntloll took place 
In contrast. the tradltlonal dcfinltion of NW III this c011tc’~t \<,ould cxcludc 
all mtcrvcntlons Therefore, NPV was rccalculatcd under the follo\vlng dcf- 
initlon: 

Using this definition, the NPV was 95.5% (1271133) with 95% Cl (90.4%, 
98.3%). From the lower bound on the 95% CI, the primary hypothesis of 
NPV>75% was still met. 

Pri.mary endpoint - agreement on intervention 
Two cases were excluded from PPA/NF’A analysis. In one case, the STAN 
experts could not agree. In another case, the US clinician expressed both 
“failure to progress” and FHR+ST as cause for intervention and at the same 
time. Thus, 528 of the 530 cases were analyzed. 

N=528 STAN Expert Majority Decision 

US Clinician Decision No intervention 

No intervention or 
intervention for 

failure to progress 

-- 
444 

Intervention 2’ 

to FHR concern 

outside STAN 

guidelines 

Intervention 2’ 
Intervention 2’ 

to FHR+ST 
to FHR concern 

concern within 
within STAN 

STAN 
guidelines 

guidelines 
5 

Intervention 2’ to 31 

FHR concern outside 

of STAN guidelines 
r 

Intervention 2’ to ” 

FIIR conccm within 

STAN guidelines 

Intervention 2” to 10 1 31 

FI IR+ST concern 
within STAN 
guidclincs 
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I‘atllc .il I)ata I‘ahlc for- C‘alculatloll 
ot‘ NI’A ,ind I’I’A ‘ < 

NI’A = 444/(444 -t 3 1 + 6 i IO) = 444149 I = 90.4% 

PPA = 3 1137 = 83.8% 

The STAN experts saw a need to intervene m 37 tracings The US I~VCSII- 
gators saw a need to mtervcnc in 79 tracmgs. These figures arc not dlrcctll 
comparable because, as stated carher, the US climcians were rcspondmg to 
cllnical events m  labor and delivery to which the STAN experts were not 
privy These included 47 cases in which the STAN experts would not have 
Intervened. Thirty-one of these cases were ones in which events known to 
the US clinician and not within the purview of the STAN guidelines were 
the basis for the intervention. Therefore, there were 16 cases in which US 
clinicians correctly intervened according to STAN guidelines and STAN 
experts did not, and five cases in which STAN experts correctly intervened 
according to the guidelines and US investigators did not. All five cases had 
normal Apgar scores, cord acid base values and no need for special neonatal 
care. The clinical action of the US investigators was appropriate, although 
it did not meet the strict definition for agreement 

The PPA was 83.8% (3 I/37) with 95% CI (68.0%, 95.7%). The 95% CI 
lower bound Indicates that the target value of> 75% was not met. Neoventa 
pointed out that the study was sized for showing PPA > 75% on the assump- 
tion that the true PPA is 90%. The 90% PPA was based on the rate ofagree- 
ment to intervene in the Education Study. This rate did not take mto 
account timing of intervention. When the Education Study data are re-cal- 
culated for both decision and timing of intervention, the new rate is 74% 
(1409). 

In the calculation of PPA, some technical dlsagreements were considered 
to be agreements because, as discussed above, US clinicians had clinical in- 
formation not available to the STAN experts. Specifically, 17 spontaneous 
vaginal deliveries (SVD) were considered to be in positive agreement with 
the STAN expert decision to intervene on these same cases because the 
SVD occurred within 20 minutes of the time of the decision to intervene. 
Agreement on such cases was pre-specified in the protocol, but not whether 
it would be considered a positive agreement (for inclusion in PPA) or a neg- 
ative agreement (for inclusion in NPA). 

When these cases arc excluded, PPA was 70.0% (14/20) with 95% CI 
(45.7%, 88.1%). The 95% CI lower bounds Indicates that the hypothesis 
PPA>75% target value for PPA was still not met. 

There were multiple analysis performed on these data, using different def- 
Imtions for PPA, that also concluded that the 75% target was not met. The 
most Important analysis of PPA was the original analysis in which the ob- 
served value for PPA was 83.8% In considering that the lower bound on 
the 95% confidence Interval of 68 0% was below the target value of 75%. 
it must be kept in mmd that the study was not powered to detect a statIstI- 
tally significant PPA for this target value 

The NPA was 90 4% (4441491) with 95% CI (87.8%, 93.0%). The 95% CI 
lower bound indicates that the target value of > 75% was met. In the cal- 
culation of NPA, some technical disagreements were considered to be 
agreements because US clinicians had cllnical mformation not available to 
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the STAN experts. Specifically, 82 intcrvcntlons for fallure to progress 
(FTP) mcrc con~ldcrcd to be 111 ncgat~vc agrccmcnt \r,lth the STAN cxpcrt 
ticc~s~on to not Intcr\wc on tlicsc smw c‘xxi Ttic first 10\\ oftlic c‘\;iin 

Ill;ltllx ~l lX~\~C IS labclcd to Illcludc this cltuatloll 
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A. Introduction 
Adequate trainmg is essential for the proper use and successful mtroductron 
of the STAN system. In additton to a standard m-service program, Neoven- 
ta has developed a comprehensive set of tools and programs for STAN cltn- 
teal training. Neoventa will work wtth each institutron to implement the 
following training program and make it self-sustainmg 

The STAN Education program consists of 3 components 

l Education and Certification 

l Credentialing 

l Continuing Educatton 

B. IEducation and Certification Program  
The objective of this phase is to educate the obstetric staff in STAN meth- 
odology and basic fetal physiology using the STAN education program. All 
physician and midwife care givers responsible for managing patients using 
STAN will be required to pass a certification test. Nursing staff will partic- 
ipate in similar training but certification will be optional. 

The education program is an integral part of the STAN product and training 
material is included with the STAN device. The education program con- 
sists of: 

l Textbook and interactive CD 

l On-site training 

* Certification process 

Textbook and Interactive CD-ROM 

Neoventa has developed a textbook and mteractivc CD entitled “Fetal Sur- 
verllance” The maternal covers basic physrology related to fetal hypoxta 
and fetal surveillance during labor and includes: 

* Basic fetal phystology 

. FHR physiology 

* FHR interpretation 

* Fetal ECG physiology (including identification of normal and abnor- 
mal ECG waveforms) 

- Fetal ECG mtcrprctation 
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The (‘l‘)-ROL4 contains ~ntcracttvs FIIR/ST tntcrpretatton cxcrc~scs and 
shori qut77cs The matc’rtals arc‘ d~gncd for self study prtor to onstte 
tratntng I’I-L’s~I~~:I~IoI~ sltdcs arc tncluded that alloy tnstructors to tatlor 
tratntn~, scbston~ 

Classification of FHR and Simplified 
Guidelines 

The following tables present the definitions of normal and abnormal FHR 
patterns as they apply to the STAN monitor and a matrix for making clinical 
management decisions using FHR + fetal ECG analysis. These tables are 
recommendations only and are not intended to substitute for clinical 
decision making. 

Classification of Fl-IR Patterns 

FHR 
Classification 

Non-Reassuring. 
Grade I 

Bradycardiaz 
l Ratc<llObpm 

(without accelerations) 
l Episode > 2 minutes 

duration mgarxfleu of 
reactivity or variability 

Tachycardk 
. Rate 150-170 bpm 

and mlnlmd rrrlabilii 
*Rate> 170bpm 

l <_Sbpmfor>40min 
l ? 25 bpm for > 40 min 
. Accderrttons absent 

Decelerations 

Figut-c 2. Classtftcation of FHR Patterns 
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STAN” Simplified Clinical Guidelines 

No ST Change 

EpirodicTlQRS Rise 
(>O. IO’ and 

duration < IO min) 

BaselineTIQRS Rise 

(>O.OS* and 
duration > IO min) 

Biphasic ST 
If 2 biphasic 
log messages** 

Reassuring FHR 

“Routine Management” 
Continued observation 

Non-reassuring FHR, 

grade I 

Expectant management In 
lit-St stage ol labor 
Delivay within 90 minutes 
during 2nd stage of labor 

Delivery should occuc within 
30 minutes in 1st stage of labor 
Delivery should QUXW as soon 
u possible during 2nd stage 

_. 

Figure 3. STAN Simplified Clinical Guidelines 

On-site training 

On-site training consists of lectures and case discussions. Basic Iccture ma- 
terial for the on-site training is available online at www.neoventa.com/US. 

User certification 

The certification test contains multiple choice questions which cover mtcr- 
pretation of STAN recordings and basic principles of mtrapartum hypoxia 
and momtoring Certification is mandatory for device use 
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C. Credentialing Program 
The otljcctlvc ofth~s phase I> to allo\<, the ci~n~c~ans to gain cxpcrlcncc with 
the S I-AN concept and tcch~~ology by us,nz the STAN system as a standard 
tlcctronlc Fetal Monitor ST mformatlon iv111 lx n\,a~lrtblc, but not used to 
manage casts All obstetric staff rcspous~blc l01 patlcnt ~wmagc~nc~~t dur- 
111g labor WIII monitor a minimum of 5 casts urn, (7 the standard 13-M data 
prcscntcd by STAN. The ST data WIII bc observed, but not used for cl~mcal 
management dccislons To ensure that quality rccordmgs arc obtained, 
thcrc must be at least 30 mmutcs of tracings, a part of which IS recorded 
\vlthm 20 minutes of delivery in all of the cases with spontaneous vagmal 
delivery monitored by the STAN system 

An experienced STAN user appointed by Neoventa will KVICW the cases 
with the clinician to ensure that the STAN principles are understood. If the 
recordings are acceptable and the clmician understands the methodology, 
they arc credcntialed and may use STAN clmlcally 

Case Management 

Labor will be managed according to standard EFM climcal practice. ST in- 
formation will not be used to manage cases during this phase. 

Credentialing Criteria 

The credentialing process includes: 

* Successful completion of the Certification Test 

* Acceptable STAN tracings at least 30 minutes in length with a part of 
the recording occurring within 20minutes of delivery in case of a spon- 
taneous vaginal delivery. 

l Review and discussion of case tracings and clinical data to ensure 
understanding of the STAN concept and methodology 

D. Continuing Education 
To facilitate continuing education, Neoventa has developed an Internet site 
(www.stancases corn), which contains regularly updated sample cases. Key 
cases include clmical dlscussion. 

Neoventa recommends that STAN users review these cases regularly to in- 
crease their exposure to different patient management situations 
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E. IRecredentialing 
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GENERAL 

Manufacturer 
Neoventa Medlcal 
Agatan 32 
SE-43 1 35 MGlndal 
Sweden 
Tel: +46-3 1-758 32 00 
Fax: +46-3 l-758 32 99 
info@neoventa.com 
www.neoventa.com 

Other Manuals 
STAN S31 Fetal Heart Monitor User Manual - PRD 101 003 

STAN S3 1 Fetal Heart Monitor Service Manual - PRD 101 004 

STAN S3 1 Fetal Heart Monitor Clinical Use Guide - PRD 101 0 I4 
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