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SUMMARY
 

This paper reports progress and activities on Project AID/csd 3152 for the 

period January-June 1978. It is the last interim report on the project, 
which is in its closing phase. The project, directed toward the development 

of effective, durable, and economical instrumentation for vacuum termination 
of pregnancv, has achieved its primary objectives, as demonstrated by transfer 
of technology to various countries, international availability of instru­
ments, and favorable clinical results as seen in studies of the IFRP and 
other clinical research organizatioi:s. Specifically, nonelectrical vacuum
 
sources costing 1/10th to 1/20th of electrical equipment prices have been 
established and proven to give effective and safe service, covering clinical 

needs from 1R procedures through second trimester D&E. 

Most of the activity in the current 27-month contract phase has been directed 
toward refining designs and materials for the syringe aspirator and the
 

hand-pumped aspirator. Both of these instruments have changed signifi­

cantly in *:he contract pericd, achieving substantial ecnnomies through 

extended service life. The manageable gestation ranae for the hand-pumped 
aspirator has been extended by enlarging thd collection container and through 
a modified design of the vacuum conservation valve. Tooling has heen created
 

for all (,f tnese innovations, and the latest generation instruments are now 
entering the field. The aspirator is being incorporated into the Bangi ,desh
 

family planning program, along with syringes, through activities of private 
sector donors. The WHO is beginning a systematic, multinational study of 

the instrument.
 

lhe syringe aspirator has received particularly widespread acceptance in 

Asia, Latin .erica, and parts of Africa. it is estimated that between 
four and five million cases have iccumulated since the original ins- ument 

was introduced in December 1973. The syringe is provided y U.S., >Idian,
 

Hong Kong, and Taiwanese suppliers, and the technology may readily be
 

extended to additional countries.
 

Systematic studies of the hand-pump by the IFRP have shown a statistically
 

significant and lower rate for delayed complications for the hand-pumped
 

aspirator when compared to electrical aspirators. We thus appear to have
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exceeded our goal of equal safety and effica v,
a result that is under­
standable in retrospect, and probably derived from the abrupt application of
 
full vacuum with the hand-pumped system.
 

Ancillary research has served to 
identify more durable soft cannula materials
 
which have been accepted by all major suppliers and led to extended service
 
life. This has benefited cost and logistics for LDC projects, and probably
 
improved safety by reducing problems associated with tips breaking off.
 

Limited studies of the effects of cannula pattern on tissue removal 
processes
 
and uterine trauna have been persuasive with major suppliers and donors,
 
resulting in appropriate redirection of emphasis on 
fielding less traumatic
 
patterns in larger cannula sizes.
 

More exploratory research during the current contract period has been 
directed toward development of 
atraumatic tenaculae, and more importantly,
 
safer and more effective techniques for cervical dilation. 
None of these
 
developments has reached the point of transfer to commercial availability,
 
although it is possible that the tenaculum will do so.
 

Through a technical directive and a subsequent revision to the workplan, we
 
developed large aspiration ,annulae, a rotary handle and enlarged collection
 
tubing adaptations for the Berkeley aspirator 
 These instruments were
 
successfully used by Dr. Stubblefield for second trimester D&E, and results
 
have been published. The instruments are being adopted by a commercial 
supplier.
 

In summation, the major objectives of establishing safe, economical and 
effective vacuum equipment for LDC use, independent of electricity, have
 
been met. 
 The results are beginning to be implemented internationally and
 
the impact is already appreciable. Newer developments by Battelle just
 
entering the field should broaden the impact even further and extend the
 
remarkable economies already experienced with MR equipment tU the full 
range of first trimester termination procedures. 

GENERAL BACKGROUND
 

In the early 1970s, accumulating clinical experience pointed to vacuum
 
aspiration as a potentially useful 
technique for managing termination of
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pregnancy, although the requirements for instrumentation were not at that timE
 
clear. The basic workplan for this project evolved in 1972, based in part
 
on early work reported by Karman and Potts for very early interception and 
on the known characteristics of complex and expensive electrically pumped
 

aspiration equipment.
 

The initial phases of the project were directed toward three objectives:
 
1) establishment of performance specifications for electrically driven
 
aspirators (accomplished and used by AID Procurement), 2) development of an
 
inexpensive, safe, and effective aspirator of small capacity (accomplished
 
and first introduced on a broad scale in December 1973 at the Menst'ual
 
Regulation Corference), and 3) development of effective manually operated
 
aspiration equipment for managing cases through the first trimester 
(accomplished late in 1973 in the form of an original design).
 

Subsequent activities hz've been directed toward transferring the technology
 
of such systems to the comnercial sector, both in this country and abroad,
 
and collaborating w;th field users to 
refine the designs, materials, and
 
instructional materials to optimize function, cost, and durability.
 

CONTINUING RELEVANCE OF OBJECTIVES
 

The objectives of this work, as orignially defined, have actually become more 
relevant with time. The liberalization of abortion laws,whi.'h has occurred 
in parallel with the that the of the isresearch, means outcome aork applicable 
to the majority of the world's women by law. The appropria-ceness of the 
technology which has resulted from Battelle's work has made it economically 
feasible to implement services. The low cost of the instruments has allowed
 
a number of private sector organizations, among others, to continue provision
 
of equipment and training to maintain the momentum of LDC service program
 
development. This could not have occurred with the high-cost electrical
 
aspiration equipment otherwise available.
 

Evolving data from the Center for Disease Control and other sources not only 
point up the clinical advant.,ge of early vacuum interception over alternative 
traditional methods but also show a potentially important reduction in
 
norbidity and mortality by applying D&E methods through about 16 weeks.
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Although much attention has been directed toward pharmacologic approaches

to pregnancy terination, nothing has surFaced which shows the safety, 
effectiveness, acceptability, and congruence with LDC conditions obtained
 
with the equipment evolved by Battelle for vacuum aspiration.
 

The need for safer cervical dilation methods still persists. Although some
 
promise has been shown by newer prostaglandin analogs, a clear solution to
 
the problem is not yet apparent. Our own studies of the cervix have not
 
yielded a clearly improved mechanical instrument for dilation. 
On the
 
contrary, our findings 
so far indicate that we and the research community

in general have had an inaccurate picture of processes governing cervical
 
dilation. 
Although we do have some instruments which should provide an
 
incremental improvement in safety, it is clear to us 
that work in new
 
directions is emphatically needed to 
solve remaining problems.
 

ACCOMPLISHMENTS
 

This section specifically adresses accomplishments within the current reporting
 
period, separating these from the broader, preceding narrative and providing
 
additional detail.
 

VACUUM EQUIPMENT
 

Accomplishments in 
vacuum equipment fall 
into the following categories,
 
discussed separately below:
 

0 Final MR syringe design adopted by IPAS
 
* 
Enlarged valve version of syringe for later terminations
 
0 Final hand-pumped aspirator design
 
* 
Receipt of clinical data on hand-pump performance
 
" Technology transfer activities for the hand pump
 
* Interactions with others 
on future hand-pump evaluations and field use
 
" Revised instructional materials for the hand-pump
 
" Recommendations on the Indian-made footpump
 
" Progress on 
a large cannula system for second trimester D&E
 
* 
Durable, rigid cannulae molding accomplished
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Final Syringe Desin
 

The radical redesign of the syringe handle, totally replacing the original
 
three-piece handle assembly with a single molded part and o-ring, has been
 
valiuated as an improvement by laboratory tests and feedback from the field.
 
This design has been reported and is shown in Figure 1. This revision,
 

and minor changes to the valve liner,have been adopted by IPAS, and the
 

final system is now being introduced in Bangladesh and a number of other
 

countries. This new design should increase service life at least four­

fold, thus substantially improving cost-effectiveness in mass programs.
 

Enlarqed Valve Syringe 

Feedback from the field and observations in visited countries suggested that
 

syringe use was limited primarily by the pinch valve's capacity to accept
 

only small cannulae. Accordingly, we adapted a large pinch valve from the
 

hand-pumped aspirator to the syringe, retaining the new handle as well.
 

The resultant instrument, shown in Figure 2, directly accepts both Berkeley 

taper cannulae and Karman-type cannulae in sizes up to 12 mm (although we do
 

iot anticipate that sizes above 10 mm will be useful). The instrument can
 

be readily recycled (or a second instrument picked up) to handle cases beyond
 

eight weeks gestation. In skilled hands, it is probable that such an instru­

ment can handle cases through twelve weeks gestation. The instrument was
 

provided to consultants, including Drs. Potts and Branch, who represented
 

two extremes of enthusiasm (or lack of it) for the instrument. Dr. Potts 

was most enthusiastic. Dr. Branch agreed that the instrument could handle 

later cases but found it messy and inconvenient to use. Some difficulties 

in cannula fitting iere identified and corrected.
 

IPAS and their clinical advisors were most enthusiastic, and have acquired
 

40 units of the instrument from the molder for their own assessment.
 

International reception has apparently been favorable, and it is likely that
 

IPAS will make the instrument available.
 

Our own feelings are mixed. The hand-pumped aspirator doubtless does a
 

better and more reliable job of managing later cases; and, when the cost is
 

amortized over service life, the aspirator would actually be a better
 

investment than the special version of the syringe. However, there are
 

nontechnical restrictions which probably create a place for the new instrument
 

in the international armamentarium. Older syringes already in the field 
can
 

be retrofitted with the newer valve.
 

5
 



Final Hand-Pumped Aspirator Design
 

During our foreign travel just prior to the current reporting period, we
 
evaluated a simplified base assembly and a redesigned collection container
 
in prototypical 
form through discussions with clinicians and observation of
 
clinical procedures. 
 With validation of the effectiveness and acceptability
 
of these changes in hand, as well 
as feedback on the revised pinch valve
 
design we carried in final molded form, we have been able to complete tooling
 
for the 
new container assembly and to complete engineering drawings for the
 
system. 
The most recent of changes has been addition of an 0-ring to the
 
valve end to assure secure cannula fitting. The system is shown in Figure 3.
 
Engineering drawings are appended (Appendix A).
 

Receipt of Data on Clinical Studies of the Hand-Pumped Aspirator
 

Data have just been received on iFRP studies initiated about 18 months ago,

using the aspirator as it existed before improvements to the vacuum conser­
vation valve and collection container. 
Results indicate that the complication
 
rates for the hand-pumped aspirator are lower than for the electrical
 
aspiration equipment used in cuntrols. 
 Data taken from the draft report
 
are summarized in Table 1, which gives outcome for cases 
later than 14 days

delayed menses, with most patients clustered round 10 weeks gestation.
 
The immediate complication rates were 2.4% for the hdnd-pumped system, and
 
6.0% for the control group, 
a difference which was statistically significant
 
(p<.0l). 
 The slight difference in followup complication rates, although in
 
favor of the hand-pump, is not statistically significant.
 

These results, 
in addition to our own observations and discussions with
 
consultants, verify that neither efficacy nor safety has been compromised
 
in creating these inexpensive and durable vacuum instruments. Our original
 
objectives thus appear to have been fully met.
 

Technology Transfer Activities With the Hand-Pump
 

Because of the unsatisfactory performance of the Indian manufacturer identified
 
earlier in the contract period, we terminated arrangements with him and
 
forwarded technical information, drawings, and samples 
to a second Indian
 
maker, whose past performance indicates higher interest and technical
 
competence. 
These steps have just been taken, and it will 
not be possible
 
to 
follow indigenous manufacure t) completion within the brief time remaining
 
under the contract.
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TABLE I 

MAJOR COMPLICATIONS
 

>14 DAYS DELAYED MENSES
 

Hand Pump 
Cases 

(N=500) 

IMMEDIATE COMPLICATIONS 

Uterine perforation 1 

Suspected uterine perforation 0 
Cervical laceration, sutured 2 

Cervical laceration, not sutured 0 

Blood loss over 100 ml. 9 

Shock 0 

Bleeding requiring curettage 0 

Endometritis; parametritis 0 
Salpingitis; adrexitis 0 
WOMEN WITH ONE OR MORE MAJOR 12(2.4) 
IMMEDIATE COMPLICATIONS 

FOLLOW-UP COMPLICATIONS (N=458) 

Bleeding requiring curettage 9 

Salpingitis, adnexitis 0 

Endometritis; parametritis 0 
Other pelvic infection 0 

Hemotometra 0 

Pelvic hematoma, infected 0 

FAILED PROCEDURES 

Retained products of conception 0 

Continued pregnancy 0 

WOMEN WITH ONE OR MORE MAJOR 
FOLLOW-UP COMPLICATIONS 9(2.0%) 

Electric Pump 
Controls 
(N=1876) 

Total 

(N=2376) 

.5 

1 

1 

19 

85 

1 

21 

1 

2 

112(6.0%) 

6 

1 

3 

19 

94 

1 

21 

1 

2 

124(5.2%) 

(N=1739) 

29 

11 

1 

7 

5 

1 

(N=2197) 

38 

11 

1 

7 

5 

4 

2 

4 

2 

59(3.4%) 68(3.1%) 
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Tooling for the latest revision to the hand-pump has been completed and is
 
currently in place with a commercial molder. 
This accomplishment, in
 
conjunction with the reduction in numbers of parts, machining operations,

and other relatively expensive features of the earlier versions of the
 
design, should lead to cost reductions. Close ;nteractions have continued
 
with IPAS, which has adopted the instrument and added 
it to their product
 
line.
 

Within the last few weeks, a new organization, Vista Products, has surfaced,
 
which has acquired tooling and inventories for some components from Burnett
 
Instrument Company (makers of the original batch of instruments). 
 It is not
 
presently clear how this will affect availability of components to IPAS,

the viability of continuing to 
supply IPAS with aspirators or the price to
 
the LDC community. This new commercial activity is
a surprise to us, and
 
we are trying to determine how these developments will affect availability

of the final aspirator design. 
 The new organization has received an 
order
 
for equipment to be fielded in Bangladesh, and will doubtless want to acquire

parts from tooling now with our molder in Richland. The situation is complex,
 
and we will keep you informed of developments as they occur.
 

Interactions With Others to Evaluate and Field the Hand-PumDed Asoirator
 

The World Health Organization will 
undertake a systematic, multinational
 
study to compare the various 
vacuum sources, including the hand-pumped aspirator.

We have informed Dr. Mark Belsey of the latest revisions to the instrument,
 
and given our recommendation that this be the version subjected to 
their
 
evaluation. 
 Samples, photographs, and other technical details have been
 
provided. As a result of discussions with Dr. Belsey 
 .jmembers of the
 
WHO Task Force, we have received samples of cannulae they plan to use, along

with some questions related to technical aspects of their planned research.
 
Similarly, we have kept the Pathfinder Fund informed 
on developments as they
 
occur. 
As a result, both syringe and hand-pumped aspirators developed under
 
AID research are being provided by Pathfinder for a privately-funded, large­
scale training program in Bangladesh; this program is now in progress.
 
Continuing issistance is provided in the form of technical information to
 
this program.
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Revised Instructional Materials for the isand-Pumped Aspirator
 

Since the aspiration system has changed markedly during the current reporting
 

period, we have completely revised the instructional materials, including
 

both written matter and accompanying illustrations. Draft copies have been
 

circulated to consultants and cooperating institutions for their comments,
 

and we will prepare the final draft bef)re the contract terminates.
 

A copy of the draft is appended (Appendix B).
 

Recommendations on Indian-Made Footpump
 

We have managed to informally work out a number of minor changes through
 

correspondence with the maker of the Suctionaid-M footpump and with Chimco
 

in Bombay, which is now distributing the unit through India. We have backed
 

away from the idea of radical changes to the apparatus for a number of
 

reasons (ircluding an unenthusiastic -esponse from our consultants and minimal
 

interest from thC IFRP). Accordingly, we have recommended three minimal
 

changes needed to make the instrument useful and acceptable. These are:
 

1) Modification of the collection container to provide a minimal
 

clear aperture of 10 mm
 

2) Provision of more flexible collection tubing
 

3) Addition of a vacuum conservation valve, preferably following the
 

latest Battelle design (two plunger, Berkeley taper configuration).
 

These suggestions have been accepted, and the system is being modified
 

accordingly.
 

Progress on Large Cannulae System for Second Trimester D&E
 

Studies using the prototypical 16-mm cannula, rotary handle and enlarged
 

collection tubing have been completed and published (Fertility and Sterility,
 

29:5, May 1978). Tooling for the rotary handle and molded parts have been
 

completed, with work performed in Richland. Blow molding tooling for
 

16-mm cannulae and molded cannulae have been obtained from Rocket of London.
 

A more flexible, corrugated collection tubing has been located and procured.
 

Samples of these molded and commercially available parts have been supplied to:
 

Dr. Stubblefield at Harvard and have received a favorable evaluation.
 

Rocket of London has already added the cannula to their catalog, and it is
 

now commercially available.
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Experiments by Rocket to blow mold large cannulae from TPX have been unsuc­
cessful. 
 Although extruded tubing looked satisfactory, apparently their.
 
control of temperature uniformity during the molding step is inadequate.

Since the IFRP has backed away to a preliminary, small-scale evaluation of
 
D&E using this instrumentation, we have accepted large cannulae from PVC
 
rather than expend more time seeking TPX cannilae.
 

Supplies 
to support IFRP studies will be sent within the contract period,
 
as they are now in hand.
 

Durable Rigid Berkeley-Type Cannulae
 

Through d 
long and informal process of persuasion, we have managed to convince
 
Berkely Bio-Engineering to try molding cannulae from TPX. 
They have just

managed to do so, and are currently consider. igwhether they will make these
 
available to LDC users. 
 My instinct is that this decision will be favorable.
 

ANCILLARY INSTRUMENTS AND SPECIAL TECHNICAL ACTIVITIES
 

In addition to final development of the basic 
vacuum equipment and cannulae,
 
progress has also been made on 
three other research tasks:
 
* cervical dilators
 

a tenaculae
 

* 
transfer of elasLic band technology
 

Cervical Dilation
 

Measurements of tissue properties as a function of anatomic location have
 
been completed with the assistance of our consultant, Dr. John T. Conrad.
 
Results have been written up in 
a paper to be presented at the International
 
Conference on 
the Human Cervix to be held in Montreal in August 1978. A
 
copy has been submitted to AID for approval.
 

In essence, work by Conrad has shown that the major resistance to dilation
 
lies in 
a 5-mm thick annulus of tissue ihiediately adjacent to the cervical
 
endothelium at the level of the inner os. 
 These modulus measurements as
 
a function of distance from the cervical canal 
are useful in understanding
 
the location of resistance to dilation and in translating grossly measured
 
applied loads into an appreciatioi of load per unit area. 
 In addition to
 
variations in radial properties, differences in stiffness between regions
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at the isthmus, inner os and outer os 
have been quantified. These follow
 
clinical impressions quite closely, and add very little that is n,., 

Observations of cervical dilation wich the bivalve dilator, particularly 
wi t'i excised tissues wh/ich may be sectioned subsequent to dilation, have
 

'. 
arified the modc o action more than force quantitation has done. ine
 
model of tensile stress acting to distend The tissue (much 
 as the rubber 
band), which we and others have consistently applied, appears to be wrong. 
Tine area of tissue under compression from the dilator blades moves away, 
and the area Presumed to be in tension doe- not stretch, but rather flows 
in between the opening blades. The peripheral structure of the organ 
appears to be unchanged, and Cdes not appiar to be under any great load.
 
Although it is a great simplification, a better model of the cervix would
 
be to regard is as a spongey cylinder restrained at its outer boundaries. 
A further extension of this model would explain the tissue beihavior in part 
by hydrostatic principles, wherein much of the dimensional change is accounted 
for by movement of water. In the short-term loading experimen;,s, such water 
would logically be interstitial rather than intracellular. 

The originally hyoothesiZed model for the behavior of the cervix with the 
bivalve dilator is siown in Figure 4a. Fioure 4b shows the actual configuration 
of the cervical tissue and dilator blades observed inas our in-vitro experi­
ments. This experience, along with the strain-rate dependence of modulus, 
tends to support a new hypothesis of cervical dilation. This approach, 
altnougui it does not discount the role of collagen binding and progressive 
loading of collacen fibers, adds the consideration -f water mobility as a 
major component of cervical tissue bLavior. 

This hypothesis explains much experi,.ental and clinical experience on tissue 
distension and agrees with the wisdom of slow, gentle dilation based on the 
probable rate limitation of conceiveable vwater mobility mechanisms at the 
microstructural level. Perhaps most importantly, recognition of the probable 
role of water mobility opens a whole new area for applied research directed 
toward improving the mobility of water within the tissues, using relatively
 
cheap and innocuous substances to modify conJuctivity across cellular membranes.
 

and water bonding.
 

An experiment has been designed to look at the possibility of water mobility
 
as a possible explanation of dilation. 
Although it is not entirely conclusive
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and only two cervices have been tried, the results tend to support the idea
 
of a significant role for movement of interstitial water. 
 In this experiment,
 
using freshly excised, nonprcgnant organs, we first pass 
a small dilator,
 
with minimal force through the os, 
 and leave it in situ. 
 Moderate compressive
lorce is then applied to hoop placed around thea perimeter of the organ in 
the region of the inner os. 
 Force is removed, the dilator withdrawn, and
 
the next size of dilator passed without resistance, The process oF gently

squeezing the cervix against in situ dilators is carried out throughout
 
the range of dilators availiable--so far limited 
to 12 m. Ti'e finding thus
 
far is that the cervix can be dilated to 
12 mm without the application of
 
any significant force to insert progressively larger dilators. 
 However,
 
we noted some 
increase of force in the second of two specimens in dilation
 
above 9 mm. 
 This aopeared to be associated with an unusuaily small 
-orpts

uteri, and may be due to a narrow lumen in the lower uterine segment. Some 
interference with an 
in situ IUD was also noted in attempts to pass larger
 
dilators.
 

We regard this insight as a fundamental and highly valuable one. 
 However,
 
it does appeE to invalidate much of our original 
thinking and that of
 
virtually all other investigators 
on dilation processes and 4nstruments.
 
A'lhough the mechanical approaches we have investigated probably do provide
 
some incremental improvements in safety, they do not appear to be revolu­
I.tionary. Briefly, we ha',,e three dilator approaches which have seen some 
limited clinical use:
 

1) The bivalve dilator, which has been made up in
a spring-loaded
 
version acting as 
a mechanical laminaria, functions and could be
 
designed to apply dilation forces at safe levels, taking the matter 
of strain rate out of the hands of the clinician. We have lost
 
much time with this instrument in interactions with John Hopkins
 
investigators and do n-t expect to fully develop this instrument
 
in the time remaining. 

2) An inside-out dilator, basicaily consisting of a collapsed balloon
 
passed into the uterine lumen and expanded to a rigid form above the
 
level of the isthmus. This is then pulled outward through the isthmus
 
and inner os under tension, applying counter pressure (rather than
 
traction) on the cervix. 
 Initial clinical impressions from Dr.
 
Solderstrom are not good, and for unexplained reasons extraction
 
forces appear to be unreasonably high.
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3)	A dilation approach similar to 2, but simpler in embodiment,
 
is the use of multiple small rods with enlarged listal ends.
 
So far, these have been clinically used in groups of three, yielding
 
dilations in the range of 6 to 
8 mm. This arrangement is shown in
 
Figure 5. Thc clinical impression is favorable, although not
 
enthusiastic. This 
type of dilator not only eliminates significant
 
countertraction on 
the lip o" the cervix. but also eliminates the
 
need for forceful, upward passage o' the cervical canal with the
 
dilator; this 
in 	turn should eliminate perforations, lateral tears
 
into the uterine arteries, and cervical lacerations requiring sutures.
 

We 	plan to ontain additional clinical impressions of this new approach
 
and to prepare a brief description for the open literatu.. (perhaps 
in Contraception).
 

Tenacula e 

With the assistance of Dr. Brenner, we have gone through several modifications 
to the jaw's shaoe based on his observations, measurements, and coments. 
We 	have forw.arded what we hope to be final 
versions of this instrument to
 
him for appraisal. 
 Final action will be to publish a short note on the
 
device and share details with commercial firms having an interest in the
 
instrument.
 

Elastic Band Technolqy__ Transfer 

Initially under a technical directive and subsequently under a new task
 
in the approved workplan, we supplied technical information and materials
 
to Chimco Ve-Engineering in Bombay, 
India for indigneous manufacture of
 
elastic bands for female sterilization. Evaluations of materials and of
 
Indian-made products through laboratory tests have supported the development
 
of band cutting, packaging, and sterilization processes in India. The
 
Indian product is now on 
the market and is available for distribution throughout
 
the subcontinent through Chimco.
 

We 	have supplied additional elastomeric materials and technical 
information
 
on heat treating of drawn stainless steel tubing to Chimco during the
 
reporting period. The packaged Indian product is shown in Figure 6.
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DISSEMINATION AND UTILIZATION OF RESEARCH RESULTS
 

The most direct dissemination of research results continues 
to be placement
 
of newly developed instruments into the commercial sector by making results
 
available to known manufacturers in a nondiscriminatory way. 
Battelle
 
developments 
are also provided to various research organizations and donor
 
groups for their eviluation.
 

In this way, equipment has been provided for comprehensive international
 
studies of MR hy 
Lhe International Fertility Research Program. 
Clinical
 
statistics substantiating the efficacy and safety of MR and earl,/ abortion 
techniques have been extensively published by the IFRP and their contributors.
 
Early in the program (1973) an international conference 
on Menstrual Regul­
ation was held, marking t:;c beginning of these international studies. The
 
outcome, 5 years later, has been fielding of approximately lO0,COO syringe

aspirators in Asia, Latin America, and Africa, and performance of an estimated 
4 to 5 million cases.
 

Basic developments on vacuum aspiration equipment have been reported in the
 
open literature, notably in the 1975 issue of Advances 
in Planned Parenthood
 
and in the proceedings of the Pathfinder-sponsored Airlie Conference of
 
Latin Americans held in 1976. 
 By now, most dissemination of information through
the open literature has passea outside of our hands and is being generated

chiefly by clinicians and clinically-oriented institutional programs. 
Products developed under this contract 
are being fielded by International
 
Planned Parenthood Federation and by the Pathfinder Fund. 
 Through corres­
pondence, we continue to share technical 
information supportive of multi­
national studies of the hand-pumped aspirator now beginning under the auspices

of the World Health Organization. Such correspondence, in conjunction with the

Advances in Planned Parenthood paper from 1975, supply key background infor­
mation for the WHO Task Force and contributing centers. Information on the

final aspirator design and on sources for it have been supplied to the
 
Pathfinder Fund, and such information is of key importance to a new training

project for MR and first trimester MTP beginning in Bangladesh this 
summer.
 
Provision of technical data 
to LDC technologists has led to availability

of indigneously-made MR syringes and sterilization bands, and is expected to
 
lead to availability of indigenously-made, manually operated 
vacuum systems
 
as well.
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AdrdU pa per has just been received describing the findings of iFRP trials 

of the hand-pumned aspirator in India, and this will be inteqrated with our 

own a'xpe"ienc,s in modifying the instumen' to create a sinle pul ication. 

,,,,remain to be Drepared descriin indings on tiSc2- evel Stud iS 

of ,'if',-in C...nnulae, o revised tenaculum design and on newer approaches 

to cervical dilation. 

FUTUJRE PLANS 

Developmental and laboratory efforts are now compnlete. In the closing weeks 

of this project, we will e:penu rlost of our effort on consolidating infor­

mation fur On& ,' r,:r., and on ,o;nunicating techrical details to commercial 

suppliers AN is1 zriono *r'ad in intexrational orKner or trials 
ci SZr " 

specificiis effort, 

Battelle ineilqmr: or others in the research community in the Final Report. 

We ,, m- requirinca.dditionaa either by 
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a. b 

Figure 4. Cross Sectional View 7howing Action of Bivalve Dilator;
 
a. as hypothesized. b. as observed.
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Figure 5. Multiple Devices Used for rnside.out Dilation
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APPENDIX A
 

USER'S MANUAL FOR THE HAND-PUMPED UTERINE ASPIRATOR
 

I. 	GENERAL DESCRIPTION
 

The IPAS hand-pumped uterine aspirator has 
been especially developed for
 
gynecologic procedures such 
as menstrual regulation, elective first
 
trimester pregnancy termination, treatment of septic or 
incomplete
 
abortion and therapeutic D&C. 
 The basic design was established in 1973,
 
and has subsequently been proeen and 
refined through clinical use in a
 

number of countries.
 

The vacuum system consists of a manually operated 
vacuum pump and collection
 
container mounted together on 
a single base. 
The base has a large suction
 
cup for holding the system firmly 
to any smooth surface. The system
 
includes a simple pinch valvp which conserves vacuum and which fits
 
directly onto aspiration cannulae. 
The assembled system is shown in
 

Figure 1.
 

The 	 system will handle aoproximately 700 cc of asrirated volume, and can 
be used with cannulae up to 12 vm diameter. A maximum vacuum level 
of
 
70 cm Hg can be obtained, making the apparatus equal 
to the best
 

electrically driven aspirators.
 

This manual contains instructions for proper assembly, use, maintenance
 
and repair of the aspirator. 
Please read it carefully.
 

II. COMPONENTS
 

The aspirator is supplied 
in a carrying and storage case. 
 1t consists of
 

the following components:
 

1. 	A base with an attached large suction cup and ti"o, sneciallv
 
molded parts 
for attaching the pump and collection bottle
 

2. 	A hand-operated vacuum pump
 

3. 	A collection bottle and lid
 

4. 	A double .plunger pinch valve to control 
vacuum
 

5. 
A length of smaller diameter tubing to join the pump and collection
 

bottle
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6. A length of larger diameter collection tubing
 

7. A simple, collapsing tube vacuum indicator
 

These parts are identified, by number, in Figure 1. In addition, a dial
 

vacuum gauge, not shown in the figure, is supplied for calibration and
 

testing of the system. 

II.ASSEMBLY
 

The IPAS aspirator can be assembled and disassembled without tools. The
 

following assembly order is a convenient one:
 

Pull out the lower end of the pump a few inches, lifting the locking
 

ring (a) away from the locking rubber stopper (b), as shown in 

Figure 2. Seat the stopper fully in the pump base (c), and then 

press the locking ring (a) down over the stopper. This locks the 

pump onto the base. 

Attach the smaller diameter flexible tubing to the smaller tapered
 

fitting on the container lid.
 

Attach the larger diameter flexible tubing to the larger diameter
 

tapered fitting on the container lid.
 

Press the tapered end of the pinch valve into the free end of the
 

large diameter tubing.
 

Place the collection container on the base.
 

* Put the lid on the container.
 

Connect the free end of the smaller diameter tubing to one of the
 

tapered fittings on the pump base.
 

Connect the collapsing tube vacuum indicator (the short length of
 

surgical tubing with one end sealed by a plastic ball) to the
 

other tapered fitting on the pump base, pushing it fully over the
 

fitting.
 

The system is now assembled and should produce and hold . vaLuum. This
 

can be tested by closing the pinch valve and pumping the system down. To
 

close the valve, press both buttons fully down and tilt them. foriward to 
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lock them in the closed position. The valve is shown fully open in Figure
 
3a and 	fully closed in Figure 3b.
 

With the valve closed, operate the pump through about 12 full strokes. The
 
collapsing tube vacuum indicator should collapse as shown 
in Figure 3b,
 
showing that a vacuum of about 51 
- (20 	in.) lHg has been reached. 
If all 	connections are properly tight, the system should hold this vacui4m 

for several hours. 

NOTE: 	 IT IS IMPORTANT THAT FULL STROKES BE TAKEN WITH THE PUMP FOR
 
EFFICIENT OPERATION, AS ILLUSTRATED IN FIGURE 4.
 

IV. CALIBRATION OF THE COLLAPSING TUBE VACUUM INDICATOR
 

Conventional 
dial-type vacuum gauges are delicate instruments, easily
 
knocked out of adjustment by mechanical shock and subject to damage by
 
ingestion of fluids. Accordingly, a simple, indestructible vacuum
 
indicator has been proided with this aspiratnr and is recomnmended for
 

routine clinical use of the system.
 

The indicator is based or! the simple principle of using atmospheric
 
pressure to collapse an evacuated rubber tube. The rubber tube is closed
 
at one end by a plastic ball and is connected to the pump base as noted
 
in the preceding assembly sequence. Yt is tius connected to the
 
evacuated system, and the pressure within the rubber tube is the same as
 

that within the collection bottle.
 

The rubber tube is unsupported along the portion of its length which lies
 
between the plastic ball in one end and the tapered fitting on the pump
 
base. The amount of vacuum required to collapse the rubber tube is very
 
much a function of the unsupported length of the tube; that is, the
 
longer 	the unsupported length of tube, 
the easier it is to collapse. Once
 
the unsupported length is reduced beyond a certain point, it does 
not
 

collapse even under very high vacuum. 

The user can calibrate the collapsing tube vacuum indicator by adjusting
 
the unsupported length of' the tube and observing the collapse point in
 
comparison to the dial vacuum gauge supplied with the system. 
Onp way to
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do this 
is shown in Figure 5. In this figure, the smaller tube connect­
ing the pump base to 
the collection container has been disconnected, and
 
the dial oauge has been connected in its place. Figure 5a shows the rubber
 
indicator when there is no vacuum in the system. Figure 5b shows the ruober
 
indicator fully collapsed at a vacuum of 70 cm (28 in.) Hq.
 

Alternatively, the system can be operated as assembled, pushing the dial
 
vacuum gauge into the distal 
end of the pinch valve to monitor the vacuun
 
level. (In this case of course the v'.lve is left open to connect the qauge
 

with vacuum in the system).
 

Whichever method is chosen, the most effective settinq appears to be about 
51 cm (20 in.) Hg; 
that is, the rubber tube should beoan to necover from its
 
collapse at about 51 cm (20 in.) Hg vacuum. Less vacuum than this appears
 
relativey ineffective for uterine aspiration.
 

Once the collapsing tube indicator has been calirated 
the dial gauge can
 
be placed in sale storage for future checks and recalibration of the system.
 

V. 	USE
 

The aspirator is most conveniently used on the floor or 
on a low table to one
 
side of the operator. The suction cup base is designed to adhere to a
 
smooth surface., allowing one-handed operation. Lacking a smooth surface,
 

the base can be held down with the foot jr hand during pumpdown.
 

The system can 
(and shr uld) be pumped down in advance of need. Since the
 

aspirator is leak-resistant, it will hold vacuum until 
it is needed.
 
Pumping don before beginning the procedure assures that the unit is
 

functioning properly and is also less disturbing to 
the 	ptiert.
 

The 	system is evacuated by closing the pinch valve and locking it, 
as
 
shown in Figure 3b. The pump is then operated in fully extended strokes
 
as shown in Figure 4. Full strokes are important because the pump pulls
 
air 	from the collection botTle on the downward stroke and exels it from
 
the 	pump on the upwird stroke. If the pump is not fully lifted, then
 
air 	remains in the pump and operation is very inefficient.
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The attained vacuum as a function of the number of pump cycles is given
 
in Table 1 fur a typical aspirator. Thus, in clinical use, the amount of 
vacuum can be controlled by the number of strokes taken to prepare the
 
system for use. The attainment of vacuum can be verified by observing the
 
collapsed rubber tube vacuum indicator, as previously shown ;n Figure 
Unless vacuum is lost by inadvertently withdrawing the cannula opening from 
the cervix, the vacuum from the first pumpdown of the system should be
 
more than adequate for completion of any first trimester Procedure, 
 with 
blood and tissue volumes of up to 700 
cc.
 

- EL.1.. Attained Vacuum as a Function of Pump Cycles
Number of Cycles Vacuum
 
(1 cycle = 1 upward and 1 downward stroke) 
 Cm Hg (in. Hg)
 

3 26 (10)
 
6 
 38 (15)
 

10 51 (20) 
20 
 64 (25)
 

Attachment of Cannulae
 
The pinch valve is designed to accept a standard taper, and the kit includes
 
rigid cannulae 8 to 12 mm diameter) which directly fit the valve without use 
of adapters. It is important that the tapered cannula end be fully and
 
securely pushed into the distal end of the pinch valve so that air leakage 
is avoided.
 

Soft cannulae of the Karman pattern can be used with the system by means of 
special adapters supplied in the kit. 
 These adapters fit cannulae of 5 arid
 
6 mm diameter and have the same taper as 
the rigid cannulae. Again, it is
 
important to push adapters fully and securely into the distal end of the 
pinch valve to avoid air le-kage.
 

Conservation of Vacuum
 
The effectiveness and convenience of a manually operated vacuum aspirator 
depends on the ability to hold vacuum and to control it. The pinch valve
 
is an 
essential feature of the aspirator, and its proper use can 
minimize
 
effort needed to maintain vacuum.
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The pinch valve 4s closed to establish vacuum and remains closed until the 
cannula has been passed into the uterine lumen. The valve is then opened 
by squeezing down on both buttons and rockinq these backward to unlock 
them. Both plungers of the valve will then fully lift, opening a pathway 
between the cannula and the collection tubinn, and initiating the aspiration 

of uterine contents. 

The human cerviv serves as a very effective vacuum seal, and there will be 
no loss of vacuum in the aspirator unless the cannula aperture is withdrawn 
below the cervix. it is sometimes necessary to withdraw the cannula to clear 
the aperture rnr to check completeness of uterine evacuation with i curette. 
in these instances, vacuum in the aspirator can be conserved by closing the 
pinch valve and locking it before withdrawina the cannula. Throuqh use of 
the pinch valve, the operazor can almost always complete a urocedure without 

any need for additional pumning. 

Another important function of the pinch valve is to immed 3tely stop 
asoiration in the event of perforation, simply by closing and locking the 

valve. 

VI. ROUTINE CARE 
Once the clinical procedure has been completed, cleaning is facilitated by 
aspiratinn clean water through the cannula, valve and collection tubing. 
The pinch valve can be used to limit the rate of water aspiration and avoid
 

splashing of fluids in the collection container.
 

Cleaning_ and Lubricating the Pump 
Unless blood is ingested by the Pump, the only part of the system requiring 
routine washing should be the collection container, collection tubing and 

pinch valve.
 

All parts of the aspiration system can be cleaned with soap and water or
 
mild detergent. Abrasive cleansers should be avoided since the plastic
 

components are easily scratched. Plastics are also damaged by some
 
chlorinated hydrocarbons, esters, aromatics and aldehydes, and these
 

should be avoided.
 

To clean and lubricate the pump is a simple task, and no 
tools are needed.
 

Refer to Figure 6 for identification of internal parts. Remove the pump
 

assembly from the base. To disassemble the pump, grasp the outer
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pump tube and pull the inner pump tube (1) out sliqhtly. 
Then knock off
 
the lower' pump end cap (2) 
at the bottom end of the pump assembly as in

Figure 7. The edge of a table or the base assembly works nicely. 
 Slide
 
the outer pump tube 
off the inner pump tube assembly. The inner pump
tube (1), front pump seal 
(3), pump connector stopper (4), 
 stopper locking

ring (5), and piston (6) are 
now exposed for cleaning and lubrication.
 

The piston (6) is equipped with an O-ring (7) which be if
can renoved, 
necessary, to thewash pump. Jusc below the piston is a thin rubber band 
that acts as a check valve (8). The check valve (8)must be positioned so
that it lies flat and covers all the round holes in the shallo, ,roove on

the inner pump 
 tube. The O-,ring and check valve can be taken off ewithout 
any tools, the woodenbut handle of a cotton swab is sometimes helpful in

prying up the O-ring. Sharp tools vhich might cut 
 the rubber or plastic 
should not be used.
 

Unless the pump has ingested bleod, the old lubricant can simply be wiped
off. if iswashing necessary, mild detergent or soap should used.be After 
washing in sudsy water and rinsing, the pump should be dried thoroughly,
lubricated properly, and reassembled for use. The pump must be lubr-icated 
with silicone grease.
 

To lubricate and reassemble the Dump, follow the seauence below. Refer to 
Figure 6 for component identification. 

l. Put a small amount of silicone grease (about 0.5 cc) on the 
O-ring seal (7) and 
smear it completely around the ring and
 
groove. 
 The rubber band check valve (8) should be given a
 
light film of silicone grease.
 

2. Smear some silicone grease on the upper part of the inner pump 
tube shaft (1) which slides against the front pumr seal (3)
 
and insert the piston end of the assembly into the outer pump
 
tube. Some is toforce required compress the O-ring seal. 

3. Smear some silicone grease on the inside of the front pump seal 
(3) and push it (flat side first) over the inner pump tube so 
that it seats in the beveled (bottom) end of the outer pump tube.
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4. 	Slip the lower end cap (2) onto the outer pump tube
 

and knock it firmly into place. This 
can be done by striking a
 

table edge or by usino the edge of the base assembly to hammer
 

with (Figure 7).
 

5. 	Stroke the Dump fully many times until the grease is evenly spread. 
If there is too much grease, you may need to wipe some of it off. 
Knock the pump apart and wine excess qrease from the check valve 

area, if necessary. 

6. 	Install the compression ring (5) and pump connector seal (4) as 

shown in Figure 6. 

7. 	 Connect the pump to the base and check to see that everything 

works properly. 

Storaoe 

To prolong life of the O-ring in the container lid, the container should 
be stored with the lid removed or only loosely in place. To prolong life 
of the pinch valve, it should be stored open. The tight fit of flexible 
tubing connections can be extended by disconnecting these when the system 
is not in use.
 

VII. PERIODIC MAINTENANCE AND REPAIR
 

Unless the pumo ingests blood or fluid, the system should require little 
attention and should provide years of service before any major part needs
 
replacement. The Dump should be lubricated two to three 
times Der year,
 

depending on the degree of use.
 

Generally speaking, if the system is checked periodically and found to be
 
functioning properly, no action is indicated. 
 Such checking occurs to
 
some extent during routine use (i.e., does the system Dump down readily
 
in advance of each procedure, and does it hold vacuum until needed?).
 
However, it is prudent to perform some simple tests at the beginning of 
each day to assure that the system is operating properly.
 

Tests
 

1. 	Securely fit the dial vacuum gauge into the distal end of tho
 
pinch valve (Figure 8). With the valve open, take 20 full
 

strokes of the pump. Approximately 64 cm (25 in.) Hn vacuum should
 

be indicated.
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2. With the pinch valve closed and the dial 
gauge removed, allow the
 
system to sit 
 jr 15 	minutes. 
The rubber tube vacuum indicator 
should remain collapsed. On reconnecting the dial gauge and 
opening the pinch valve, the vacuum level should be essentially
 
unchanged following the 15 minute test.
 

If these two conditions 
are met, the system is working properly and does
 
not require attPition. 

Problems and Probable Causes
 
The major problems, probable causes 
and corrective actions 
likely to be
 
encountered with the aspirator system are 
listed in Table 2.
 

TABLE 	2. Causes and Solutions to 
Problems with Asoirator System
 

Problem 
 Probable Cause 
 Required Action
 
System functions and Lack of sufficient 
 Lubricate pumDattains vacuum, but lubrication
 
requires too many

strokes. Holds 
 Pump O-ring worn 
 Replace pumpvacuum when reached. 

O-ring
 
System takes 
too long 
 Leaks 	in tubing, pump 
 Check 	all connectors,
to reach vacuum; then 
 stopper or O-ring 
 tighten if necessary.
vacuum is lost rapidly 
 seal ol collection 
 Replace damaged
 

container 
 stopper, tubing 
or 0-ring
 

Broken pinch valve 
 Verify by removing
 
liner 
 valve 	and re'lacing
with another or by
 

plugging collection
 
tube. If valve is
faulty, replace.
 

Pump doe2s not function. Faulty check valve 
 Replace check valve
Vacuum is produced on 
 band 
 band

downstroke and lost on
 
ups troke.
 

VIII. 	CHECK VALVE REPAIR
 
Replacement check valve bands 
are provided for pump repair. 
 However, should
 
these be lost 
or used up, emergency check valve bands 
can be cut from the thumb
 
of a large (No. 9) surgical glove with scissors. Holding the glove thumb flat
 
between sheets of paper makes 
it easier to get a straight cut. 
 Cut the bands

about 	27/64 inches (l mm) wide. The easiest way to put on 
a new band is to
 
stretch it across fingertips and thumb, reach 
over the piston cap with the
 

30
 



band expanded, and lay it carefully in the groove so that it lies flat. With 

the new check valve in place, reassemble the system and test it by connectinq 

the dia vacium gauge to one side of the pump base. The rpnaitred nump 

should1, oach in, 11C,-M,cuu of at least 0 c . in, uorw 

if in willot ou n down that far the check band is too tigqht, and shouldc 

be rerlao, with one of a s ightly larger diameter. 
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SUMMARY COST STATUS ON AID/CSD-3152 PROJECT I
 

The following costs 
are provided from the Project Leader's printout
of costs incurred. 
 Such computer codes are used for continuing

financial control during the course of the work. 
 The figures
provided below are not intended to replace the certified summaries
of project costs provided by Battelle to the Contracting Officer, but
rather are intended to provide the AID Technical Monitor with a brief
 summary of present status and funding remaining in the pipeline.
 

Week Ending 7-9-78
 

Labor and Overheads 
 $262,631
 
Materials and Subcontracts 
 48,737
 
(consultants/tooling)
 

Travel 
 18,615
 
Facility and Equipment Use 
 16,374
 
Services (editorial, printing, graphics, 
 6,198
 
etc.)
 

Fee 
 22,195
 
Total costs 
 374,750
 
Funds remaining 
 32,506
 

Given known outstanding commitments on 
tooling and materjals which

have not yet been paid and the present level of effort by the
contributions, we expect these funds to be used by September 30,
1978, when the contract period ends. A supplement of about $3,60n
has not formally been added to the project, but it is expected
that this will be placed into the accounting system in August.

As we have discussed, additional funds will 
be directed toward
 
transfer of technology activities.
 


