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Background. Operative disease is estimated to contribute to 11% of the global burden of disease, but no
studies have correlated this figure to operative burden at the community level. We describe a survey tool
that evaluates population-based prevalence of operative conditions and its first full-country
implementation in Rwanda.
Methods. The Surgeons OverSeas Assessment of Surgical Need (SOSAS) survey tool is a cross-sectional,
cluster-based population survey designed to measure conditions that may necessitate an operative
consultation or intervention. Household surveys in Rwanda were conducted in October 2011 in 52
clusters nationwide. Data were population-weighted and analyzed with the use of descriptive statistics.
Results. A total of 1626 households (3175 individuals) were sampled with a 99% response rate. 41.2%
(95% confidence interval [95 CI%] 38.8–43.6%) of the population has had at least one operative
condition during their lifetime, 14.8% (95% CI 13.3–16.5%) had an operative condition during the
previous 12 months, and 6.4% (95% CI 5.6–7.3%) of the population were determined to have a
current operative condition. A total of 55.3% of the current operative need was found in female
respondents and 40.3% in children younger than 15 years of age. A total of 32.9% of household deaths
in the previous year may have been related to operative conditions, and 55.0% of responding households
lacked funds for transport to the nearest hospital providing general practitioner operative services.
Conclusion. The SOSAS survey tool provides important insight into the burden of operative disease in the
community. Our results show a high need for operative care, which has important implications for the global
operative community as well as for local health system strengthening in Rwanda. (Surgery 2012;j:j-j.)
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ALTHOUGH OPERATIVE CARE is an essential component of
health care, the global health community tradition-
ally has not seen it as a priority. This may be attribut-
able to the unfamiliarity of operative care within
public health, concerns about cost-effectiveness,
and the absence of the surgeon’s involvement in
health care planning.1Operative disease is estimated
crudely to contribute to at least 11%of the global bur-
den of disease, but no studies have correlated this fig-
ure to operative burden at the community level;
current figures delineating operative burden are
made on the basis of extrapolation of limited global
data and estimations of disease incidence on the basis
of hospital-level data.2-4
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Rwanda is a land-locked country in sub-Saharan
Africa with a population of 10.7 million.5 The 1994
genocide decimated the socioeconomic, educa-
tional, and health care infrastructure of the coun-
try, exacerbating the country’s existing problems
with poverty and poor health care. However, Rwan-
da’s subsequent aggressive development and
health policies during the past decade have stimu-
lated broad progress in both the economic and the
health sectors.6

TheDemographic andHealth Surveys (DHS) are
the most comprehensive sources in developing
countries for population-based health statistics.7

The 2010 DHS survey in Rwanda noted significant
decreases in maternal and infant rates of mortality
as compared with previous surveys, as well as an in-
crease in the use of antenatal care and childhood
immunizations.5 TheMaternal Mortality Ratio (ma-
ternal deaths per 100,000 live births) in Rwanda, for
example, decreased to 340 in 2010 from750 in 2005;
to compare with more-developed countries, the
2010 Maternal Mortality Ratio for the United States
was 21.8 The DHS does not, however, include ques-
tions on operatively treatable conditions, which is
not surprising because funding for operative devel-
opment is severely lacking among international
funding agencies.9,10

In a comprehensive national assessment of
hospital-level capacity for emergency and essential
operative care in Rwanda, researchers found defi-
ciencies in operative infrastructure, personnel, and
training, with numbers of available operating the-
atres and surgeons well below international stan-
dards.11 Given these scarcities, the true burden of
operative disease can likely only be assessed by ex-
tending evaluations beyond the hospital level to
the community level.

The Surgeons OverSeas Assessment of Surgical
Need (SOSAS) survey tool was developed to pro-
vide the missing data on operative need in low- and
middle-income countries by establishing a stan-
dardized, duplicable survey tool to quantify the
prevalence of operatively treatable conditions in
resource-limited settings.12 It is hoped that the
data arising from SOSAS surveys will oblige global
funds, nongovernmental organizations, and local
health ministries to allocate increased resources
to providing operative care, thereby strengthening
health systems, saving lives, and reducing the bur-
den of human suffering as the result of untreated
operative disease. The SOSAS survey tool was de-
veloped for open-source access and is available at
www.surgeonsoverseas.org.13 Our study in Rwanda
represents the first full-country survey to be
conducted.

METHODS

Survey design. The SOSAS survey tool is
modeled on DHS surveys as well as the WHO
Guidelines for Conducting Community Surveys
for Injuries and Violence. A research group com-
prising 46 international surgeons and public
health experts provided input during the SOSAS
development project. Designed for direct
computer-based entry, a functional pilot of the
study evaluating the ease and utility of use on iPad
tablets was conducted in Sierra Leone in August
2011.13 Local adaptations were made on the basis
of population-based surveys of musculoskeletal im-
pairment in Rwanda.14,15

The first section of the survey gathers house-
hold demographics, including a listing of all
members of the household and information re-
garding timing and distance to health facilities,
from a household representative. Household rep-
resentatives also are asked to report the total
number of deaths occurring in the household
within the previous 12 months as well as the
proximal cause of each death.

The second section of the SOSAS questionnaire
is organized by anatomic area to measure a wide
spectrum of proxy conditions that may necessitate
operative consultation or intervention. The indi-
viduals who complete this section respond only
regarding their own health. These conditions are
meant to serve as representative of common con-
ditions that can be easily described in the common
language and identified by a nonmedical provider.
For the purposes of this study, an operative condi-
tion is defined as a self-reported wound, burn,
mass, congenital or acquired physical deformity, or
operation in the anatomic areas defined in the
survey: face/head/neck, chest/breast, back, abdo-
men, groin/genitalia, or extremities. For each
anatomic area, survey questions seek to identify
congenital, acquired, malignant, or injury-related
conditions. Further questions investigate the tim-
ing of conditions and perceived barriers to care.

SOSAS was designed in English, translated to
the local language of Kinyarwanda, and back-
translated into English to ensure fidelity; French
and English translations were available to inter-
viewers for cross-referencing purposes during in-
terviewing. Before we began to collect data,
cognitive interviewing of the tool in English and
Kinyarwanda occurred with nonmedical subjects.

Sampling. SOSAS is a cross-sectional, cluster-
based population survey.16,17 Because a nationwide
population census has not been performed since
the restructuring of administrative units in Rwanda
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in 2006, our sample design used the 2012 census
preparatory frame, as used for the 2010 Rwanda
DHS. Each of the nation’s 30 officially defined dis-
tricts formed a sampling stratum. Two-stage sam-
pling to select 50 clusters, as defined at the
village level, was done such that the probability
of cluster choice was proportional to the district
population size.16-18 For each cluster, a village was
chosen at random from the census list of villages
within a district. One alternate village per district
was also identified. Three alternate villages (1 sub-
stitute and 2 additional due to inadequate avail-
able households in a given cluster) were used for
a total of 52 sampled clusters. In each sampled vil-
lage, interviewers began at a centralized location
and sampled every third household with the goal
of sampling 30 households per village. At each
household, they interviewed a household repre-
sentative regarding overall demographics of the
household, access to care, and household deaths.
With the household representative, the interviewer
created a listing of the ages and sexes of all mem-
bers of the household. To select the individuals
who would complete the full survey regarding spe-
cific operative conditions, a random number gen-
erator was used to select a maximum of 2
individuals per household.

Study population. Household members were
defined as anyone who was a usual resident of
the household or who slept in the household the
night before the survey. All sexes and ages were

eligible for inclusion with information provided by
a parent/guardian for children. Informed consent
was obtained from all participants. Participants
were excluded if they were absent from the sam-
pled household after three documented visits from
the interviewer.

Data collection. Ten interviewers were compet-
itively recruited and trained during a 5-day period.
Data collection took place during a 1-month
period (October 2011) in 52 clusters nationwide.
Interviewers were assigned across regions so that
interviewer effects in the final result would be
minimized. District medical officers, district ad-
ministrators, and village chiefs were contacted
before initiating household visits in each cluster.
Surveys were programmed in FileMaker Pro 11.0v2
(FileMaker Inc, Santa Clara, CA) and uploaded to
3G iPads (iPad 1, Apple Inc., Cupertino, CA)
equipped with FileMaker Go 1.1 (FileMaker Inc).

During the first week of data collection, inter-
viewers submitted their iPads to the principal
investigator and data supervisor for daily data
download with biweekly or weekly download for
each of the sampling periods thereafter. Embed-
ded time stamps in the program and geographic
tracking of interviewers in the field using the ‘‘Find
my iPad app’’ were used to monitor for fraud.
Interviewers underwent direct observation in the
field, and a field supervisor revisited 12 of 52
clusters to validate data collection at approximately
5% of households.

Fig 1. SOSAS Rwanda clusters, October 2011.
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Statistical analysis. The collected data were an-
alyzed using Statistical Package for Social Sciences,
version 19 (IBM Corp, Armonk, NY). Variance
estimation took into account the stratification of
the sample at the district level, the clustered
sampling of households in 52 clusters, and the
selection of only two individuals per household
regardless of household size. Design weights were
applied to adjust each district to its correct propor-
tion of the population, and to correctly represent
the percentage of individuals residing in house-
holds of different sizes (from 1-person to 13-person
households). The design weights were scaled to
bring the case count up to 10.7 million persons,
matching the 2011 population projection.19

Analysis of the weighted data revealed that
younger adults, especially younger males, were
underrepresented among those who were inter-
viewed (or interviewed by proxy); elders and chil-
dren were correspondingly overrepresented in the
interviews. These patterns probably reflect which
persons were at home during the field period in
each village. Poststratification weights were applied
that bring the distribution by age and sex for the
results on the basis of individuals into full align-
ment with the national results of the 2010 DHS. No
poststratification weights were needed for
household-level results.

The percentages and population-count esti-
mates presented here were derived from the com-
plex sampling frequencies and crosstabulation
procedures in SPSS, which provide estimates of
sampling errors, confidence intervals, and tests of
independence that are corrected for the design
effects from the stratified, clustered design, and
from weighting.

Ethical considerations. Ethical approval was
provided by the University of Virginia Institutional
Review Board and the Rwandan National Ethics
Committee. The hospital director at the nearest
hospital was contacted before survey implementa-
tion in each cluster to facilitate referral of serious
health problems that were detected by inter-
viewers. Approval to engage in a nationwide house-
hold survey was obtained from the Rwandan
National Institute of Statistics, which also provided
critical input in sample selection. Results were
presented to the Rwandan Ministry of Health,
the Rwandan National Institute of Statistics, and
the Rwanda Surgical Society before publication.

RESULTS

Demographics. Figure 1 shows the location of
the 52 sampled clusters based upon GPS coordi-
nates taken at the index household. A total of

1626 households were sampled with a 99% re-
sponse rate. A household representative com-
pleted the first section of the survey regarding
overall household demographics, access to medical
care, and household deaths. Table I summarizes
the demographics of the survey. The mean house-
hold size was 4.67 individuals with 59.9% having a
female household representative. Each household
listed the age and sex of all household members;
this included a total of 7547 individuals, represent-
ing a population breakdown of 52.7% female and
44.0% younger than 15 years of age.

Access to operative care was found to be a
consistent challenge, with 55.0% of responding
households lacking the funds required for trans-
port to the closest district hospital (general prac-
titioner operative services) and 77.0% lacking
funds for travel to referral hospitals (specialist
operative services). A total of 70.4% of responding
households reported greater than 2 hours’ travel
time for transport to the nearest operative services.

Table I. Demographics, SOSAS Rwanda

Demographics Estimate (SE)

Household
Mean household size 4.67 (0.04)
Sex of household representative

Male 40.1% (1.1%)
Female 59.9% (1.1%)

Mean age of household members 21.9 (0.18)
Sex of household members

Male 47.0% (0.7%)
Female 53.0% (0.7%)

Village location*
Rural 93.1% (2.7%)
Urban 6.9% (2.1%)

Individual demographics (for adults 15–59 y)y
Education level

None 23.2% (1.2%)
Primary school 62.0% (1.5%)
Secondary school 13.1% (1.7%)
Literacy 71.3% (1.7%)

Occupation
Agriculture 68.8% (2.9%)
Student 12.6% (1.4%)
Unemployed 9.2% (1.0%)
Skilled employee 3.8% (0.7%)
Unskilled employee 3.4% (0.5%)
Self-employed/small business 1.9% (0.6%)

*Rural/urban differentiation not available from NISR as administrative

restructuring since 2002 census; report here by consensus of local PI and

interviewers.

yIndividual demographics are taken from the individual response sec-

tion of the SOSAS questionnaire.

NISR, National Institute of Statistics of Rwanda; PI, principal investigator;

SOSAS, Surgeons OverSeas Assessment of Surgical Need.
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Prevalence of operative conditions in the com-

munity. A total of 3175 individuals were randomly
assigned from the household list (maximum 2 per
household) to complete the full survey regarding
their own health conditions. Table II details the
overall prevalence of operative conditions in the
community. If an interviewee identified a condi-
tion, we asked if he or she had sought or would
like to seek medical care. If the answer was no,
we asked why. Those individuals who responded
‘‘no need’’ were excluded from the calculations
of operative need. A total of 41.2% of the popula-
tion has had at least one operative condition dur-
ing their lifetime, 14.8% had an operative
condition during the previous 12 months, and
6.4% of the population was determined to have a
current operative condition. For all identified po-
tential operative conditions, 5.9% underwent a ma-
jor operation. Of these 155 operations, 48 were
cesarean deliveries.

The 2 main reasons cited by interview subjects
for not seeking care were (1) no skilled doctor or
nurse available and (2) no money available for
health care. A condition was defined to be dis-
abling if the interviewee reported significant
shame, inability to work as they had previously,
needing help with daily activities, or needing help
with transportation. For all operative conditions
reported, 34.3% were associated with a disability,
and 58.0% of individuals with at least one identi-
fied condition had some type of disability.

Table III illustrates in greater detail the current
operative need. The prevalence figures reported
here are percentages of the total population. Uni-
variate v2 analysis showed significant differences in
current operative need by age and geographic re-
gion. Not unexpectedly, older individuals were
more likely to report current operative problems.
However, the prevalence in the young population,
particularly in the student and young adult working
population was greater than 6%. Regionally, the
Southern Province evinced the greatest level of cur-
rent operative need. Supplementary Table I further
details the anatomic breakdownof the current oper-
ative need.

Figure 2 describes the characteristics of the
6.4% of the population currently in need of oper-
ative care, broken down by sex, age, location, and
geographic region. A total of 55.3% of the current
operative need is in female patients, with 40.3% of
the need being in children younger than 15 years
of age. In fact, greater than 80% of the current op-
erative conditions in Rwanda occur in individuals
younger than 45 years of age. The need is primarily
rural with the Southern Province comprising the
greatest-need region. Similar results are seen on
evaluating the previous year and lifetime operative
need by sex, age group, location, and province
(Supplementary Figs 1 and 2).

Figure 3 shows the breakdown by anatomic loca-
tion of the identified operative conditions cur-
rently in need of care. Extremity conditions were
the most prevalent (36%), closely followed by con-
ditions of the face, head, and neck (which includes
eye conditions; 28%).

Household deaths. Household representatives
reported a total of 77 household deaths within the
previous year, with 49.4% of reported household
deaths occurring in children younger than 5 years
of age. A total of 32.9% of the total deaths may
have come as a result of operatively treatable
conditions, as detailed in Figure 4. Of these, ab-
dominal pain/distention (10%) and mass/growth
(10%) were the most common causes of death.

DISCUSSION

This study represents the first implementation
of a nationwide survey to document the prevalence
of operative conditions at the community level. A
total of 6.4% of the study sample---corresponding
to an estimated 675,000 Rwandans---were deter-
mined to currently need operative care, with nearly
15%---an estimated 1.6 million Rwandans---report-
ing an operative condition within the previous year.

The results of this survey have important impli-
cations for the global operative community, and,
more importantly, to health system strengthening
in Rwanda. Regional differences seen in this study
can be further analyzed in conjunction with
hospital-level epidemiologic data to develop

Table II. Prevalence of operative conditions at the community level

Estimate, % 95% confidence interval, % Estimate (no. people)
95% confidence

interval (no. people)

Operative condition now 6.4 5.6–7.3 675,456 583,016–767,897
Operative condition in

previous 12 months
14.8 13.3–16.5 1,568,268 1,393,707–1,742,829

Lifetime operative condition 41.2 38.8–43.6 4,359,980 4,081,975–4,637,984
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interventions to improve access to operative care.
The current estimate of operative need---6.4% of
the population---is twice the HIV prevalence in
Rwanda, estimated at 3.0% by DHS 2010.1 In fact,
the overall HIV prevalence in Rwanda has not
changed since the previous DHS survey, perhaps
highlighting effective public health initiatives and
a shift towards noncommunicable disease burden
in the community. Because the majority of funding
for public health initiatives is directed at communi-
cable diseases, with an increasing focus on chronic,
noncommunicable diseases, it is imperative to
channel funding and attention for initiatives to ad-
dress the operative burden. A small proportion of
the identified operative conditions (5.9%) under-
went operative intervention. At the individual
level, interview subjects identified several barriers
to accessing care for their specific conditions,
with a lack of providers and lack of money predom-
inating. The challenges to accessing operative care
identified at the household level, with 55% of
households stating they did not have funds to
travel to the nearest facility that offers operative
services, provide further insight into issues of oper-
ative access and highlights potential areas for
health system strengthening.

Operative conditions lead to substantial mor-
bidity and mortality in the Rwandan community,
with 41.2% of the sample population reporting an
operative condition in their lifetime, which extrap-
olates to more than 4.5 million current Rwandan
citizens. Our findings demonstrate the possibility

that >30% of household deaths in the previous
year may have been attributable to operatively
treatable conditions. Alarmingly, the population
represented in these estimates is relatively young,
with nearly 80% of the lifetime operative condi-
tions (and well >80% of the operative conditions
in the previous year) noted in individuals younger
than 45 years of age. A student and working
population afflicted with operative disease and
disability in the face of insufficient access to care
carries significant economic implications as the
country strives to move beyond poverty. The young
population carrying this operative burden differs
from the older population in the Western/North-
ern world; this may further hint at a future health
care crisis as the Rwandan population ages and
noncommunicable diseases, including potential
operative conditions such as cancer, overtake the
infectious disease burden.20-22

This study further demonstrates the usability of
the SOSAS survey instrument in the field. The
organization of the survey script by anatomic area
anecdotally seemed to assist respondents in recall-
ing previous operative conditions. The challenge
in relying on operative recall in a population with
limited access to operative care, however, is that,
although recall bias may affect reported time
frame of incidents, we believe it likely underesti-
mates the true operative need to a significant
degree due to poor access and information about
operative conditions. On the other hand, results
derived from recall can certainly provide a baseline
with regard to breadth of conditions and barriers
to accessing care when conditions are identified.

The benefits and drawbacks of using iPads for
computer-assisted personal interview have been
previously documented during the functional pilot
of the SOSAS survey.13 Our survey had similar find-
ings: interviewers had little trouble familiarizing
themselves with the technology and found the
iPads easy to use in the field. Direct data entry lim-
ited errors in recording data and allowed for early
analysis. We further believe that the use of embed-
ded time stamps and tracking of interviewer move-
ments through the 3G network helped to limit
fraud during data collection.

The main limitation of this survey is in the
definition of operative conditions and case-
finding at the household level. Thus, the identi-
fied conditions serve as proxies in estimating
operative disease prevalence. All operative condi-
tions identified in our study were self-reported by
respondents (who have inadequate access to op-
erative care) to interviewers with medical knowl-
edge but without operative expertise or

Table III. Characteristics of current operative
need

Characteristic Prevalence (SE) P value

Age
0–4 y 4.9% (0.6%) .050*
5–14 y 6.3% (0.5%)
15–29 y 6.9% (0.7%)
30–44 y 5.2% (1.4%)
45–59 y 9.6% (0.8%)
60 + y 7.1% (1.0%)

Gender
Male 6.1% (0.6%) .444
Female 6.6% (0.5%)

Location
Rural 6.6% (0.4%) .339
Urban 4.0% (2.0%)

Region
Kigali 4.6% (1.1%) .001*
South 9.5% (0.6%)
West 5.1% (0.8%)
North 7.6% (1.6%)
East 4.2% (0.5%)

*Significance indicated at P # .05.
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sophistication. This may overestimate some con-
ditions such as a neck mass that could be a
Burkitt’s lymphoma requiring chemotherapy,
not operative intervention, but we would argue
that an operative consultation may still be war-
ranted in this case. Alternatively, this survey does
not identify such conditions as intra-abdominal
cancers or early breast cancers that could be
amenable to operation. For this reason, we be-
lieve our estimates of operative need in Rwanda
are likely an underestimation of the true preva-
lence of operative conditions. Furthermore, the
suspected prevalence of operative conditions be-
fore death (32.9%) highlights that the 6.4%
estimate of current operative need does not
adequately represent severe operative conditions
truly in need of care now such as severe injuries,
cancers, and abdominal emergencies.

A further limitation is that we did not validate
our results in the community with physical exam-
inations by trained surgeons or additional diag-
nostics such as one might see in similar projects
that address the incidence and prevalence of
infectious diseases such as HIV or malaria. This
may limit the universality of the SOSAS findings.
Although the validation of the survey tool with
physical examination, laboratory, and/or radio-
graphic diagnostics may provide insight, validation
is limited by surgeon shortage in the community,
funding for operative research in resource-limited
settings, and ethical considerations in performing
physical examinations in a community-members’
household. Furthermore, the benefit of this study
is to provide community-level estimates---to identify
reasonable proxies for operative disease. Ideally, as
operative capacity and access improves, operative

Fig 2. Breakdown of current operative need.

Fig 3. Anatomic breakdown of current operative need.
Fig 4. Potentially operatively treatable household
deaths.
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conditions can be reliably assessed and treated at
health facilities, providing more accurate numbers
of the prevalence of operative disease.

We think that the SOSAS survey tool provides
important insight into the burden of operative
disease and that the results should serve as a guide
to highlight needs and stimulate further research.
What is clear from these results is that operative
conditions are a significant burden in the commu-
nity and in a relatively youngpopulation. The results
further highlight the issue of access---the operative
needs of the community are simply not beingmet by
the current operative capacity in the country.

In Conclusion, the results of SOSAS Rwanda
can hopefully be used in Rwanda to geographically
characterize specific categories of operative need
at the community level, so as to plan hospital-level
care. There is no gold standard for evaluation of
operative need at the community level, but we
would recommend the use of SOSAS widely to
create a baseline in low- and middle-income coun-
tries. By providing a deeper representation of
operative need than is currently available through
hospital-based surveys and statistical modeling,
these results can ultimately lead to improvements
in operative services worldwide by highlighting the
importance of operative capacity building through
infrastructure and training and emphasizing the
need to improve operative access in horizontal
health system–strengthening approaches.

Special thanks to Barbara Choo, Yue Li, Dave Morris,
Dominique Habimana (Rwandan National Institute of
Statistics), Manasse Nzayirambaho (NUR School of Pub-
lic Health), Center for Survey Research at UVA, Elias
Nyandwi (CGIS), Rwanda Surgical Society, Faculty of
Medicine at the National University of Rwanda, Rwan-
dan Ministry of Health, and our student interviewers:
Georges Gasana, Marie Grace Kansayisa, Theoneste
Maniragaba, Achille Manirakiza, Yvette Ntaganda, Inno-
cent Nzeyimana, Herman Rwambibi, Gallican Nshogoza
Rwibasira, and Chantal Uwamariya.
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