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Abstract

Background Accurate, complete and sustainable methods of tracking patients and outcomes in low-resource settings
are imperative as we launch efforts to improve surgical care globally. The Surgical services QUality Assessment
Database (SQUAD) at the Mbarara Regional Referral Hospital in Uganda is one of very few electronic surgical
databases in a low-resource setting. We evaluated the completeness and accuracy of SQUAD.

Methods Data were prospectively collected on 20 of the most clinically relevant variables captured by SQUAD for
all general surgery patients admitted to MRRH over a two-week period. Patients were followed until discharge, death
or hospital day 30; whichever occurred first. These data were compared to that in SQUAD for the same time period
for completeness and accuracy.

Results Of 186 unique patients seen over the two-week period, 172 (92.5%) were captured by SQUAD. The capture
rate was greater than 86% for each of the 20 variables evaluated, except American Society of Anesthesiologists score,
which had a 69% capture rate. Regarding accuracy, there was almost perfect agreement for 16/20 variables (all
k > 0.81), substantial agreement for 2/20 variables (k 0.63, 0.73) and moderate agreement for the remaining 2/20
variables (k 0.43, 0.48) between SQUAD and the prospectively collected data.

Conclusion SQUAD is an electronic surgical database that has been implemented and sustained in a low-resource
setting. For the 20 variables evaluated, the data within SQUAD are highly complete and accurate. This database may
serve as a model for the development of additional surgical databases in low-resource environments.
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Introduction

In 2015, the Lancet Commission on Global Surgery
brought to light several key findings that demonstrated the
staggering human and economic consequences of untreated
surgical conditions in low- and middle-income countries
(LMICs) and urged the development of broad-based health-
systems solutions [1]. One such solution was the devel-
opment of surgical outcomes databases that would facili-
tate the understanding of the current disease burden and
outcomes. In high-income countries, accurate and detailed
databases exist. One of the most well-known examples of
such a database is the National Surgical Quality Improve-
ment Project (NSQIP) [2, 3]. This database tracks over 130
variables on thousands of patients across hundreds of
hospitals throughout the USA. By providing accurate and
timely clinical data, NSQIP has brought to light the pow-
erful effect that such a database can have on helping both
hospitals and providers achieve safer surgery and better
patient care [4].

The real question becomes: is this sort of a database, and
the resultant safer surgery and better patient care, some-
thing we can strive for in LMICs? Currently, there are very
few well-established validated electronic surgical registries
in low-income countries (LICs). Data collection in most
LICs is done entirely through handwritten logbooks and
paper charts [5-8]. This method of record keeping presents
an enormous barrier to using this data for any purpose,
whether it be patient care, policy work, resource allocation,
research or quality improvement initiatives [5-9]. As a
result, very few LMICs are aware of the true burden of
surgical disease and the associated outcomes in their pop-
ulation. This stifles initiatives to improve access to safe
surgical care, the very mission as stated by the Lancet
Commission on Global Surgery.

To address this issue, efforts are underway to develop
sustainable and effective electronic surgical outcomes
databases appropriate for the limited resource environ-
ment. One of these is the Surgical services QUality
Assurance Database (SQUAD) that was developed in
Uganda through a partnership between Mbarara Univer-
sity of Science and Technology (MUST) and its affiliated
hospital Mbarara Regional Referral Hospital (MRRH) and
the Massachusetts General Hospital (MGH). SQUAD was
initiated in 2013; and the development and early success
of this database was described as a teaching case during
the Lancet Commission on Global Surgery [10]. Although
this database exists and may be a powerful example of
what an electronic database can provide for LMICs, no
assessment of data quality has been performed to date.
The purpose of this study is to evaluate the completeness
and validity of SQUAD.

Methods
MRRH hospital and record system

MRRH is a 600-bed, government referral hospital in
southwest Uganda that serves a catchment area of over 3
million people and is the specialty referral center for a
region of 8 million [11, 12]. It has four operating theaters
and a number of anesthesiologists and surgeons, including
subspecialists. All patients are admitted via the emergency
department where a paper chart is created that stays with
the patient for the duration of their hospital stay. With rare
exception, a new chart is created for each patient encoun-
ter, even if the same patient has been admitted previously.
Patients are also tracked in various logbooks throughout
the hospital which are maintained by nursing and surgical
staff.

SQUAD database

Data entry into SQUAD was initiated in 2013, and SQUAD
currently enrolls all patients admitted to the surgical service.
OpenMRS was used to create the database, and all data are
stored on an encrypted local network within the hospital.
OpenMRS is an open-source electronic medical record sys-
tem designed for use in low-resource settings [13]. Two data
clerks are responsible for data entry, and there is an onsite
database manager and statistician. The database is overseen
by a team of physicians from a variety of specialties
including surgery, anesthesia and obstetrics and gynecology.

Patients are admitted to the surgical services via the
accident and emergency ward, where the admission is
noted in a logbook and a patient file is created. The paper
chart accompanies the patient throughout their hospital
stay. After patients are discharged, SQUAD data clerks
collect the patient charts from each surgical ward and
manually enter the data into the electronic database. The
paper charts are then sent to medical records for filing and
storage. Patient encounters are also captured from the ward
and operating room logbooks, in order to capture patients
whose charts are misplaced.

Each patient encounter receives a unique SQUAD iden-
tifier based on the chart, and these are linked with the
patient’s name, age and address. As charts are rarely reused
across multiple admissions, demographic data are used to
identify possible duplicate patients and to link multiple
encounters. Over a hundred variables can be captured in the
database that broadly cover demographic information,
admission data, procedure data (both operative and anes-
thetic), and disposition. Additional details regarding trau-
matic injuries, oncologic diagnosis and pregnancy outcomes
are recorded where relevant.
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Table 1 Variables captured during the validation of SQUAD

Variable Format
Name Free text
Medical record Free text

number
Age Continuous (nearest year)
Gender Dichotomous (male vs female)
Date of admission = Day/month/year
Admission Free text

diagnosis
Operation Dichotomous (yes/no)
Type of operation  Free text
Date of operation Day/month/year

Anesthesia type General, regional, local, combination, other

Surgeon Free text

Anesthesiologist Free text

ASA class Ordinal (1-5)

Urgency of Dichotomous (emergent vs elective)
operation

ICU admission Dichotomous (yes/no)

Mechanical Dichotomous (yes/no)
ventilation

Discharge Free text
diagnosis

Complication Dichotomous (yes/no)

Disposition Dichotomous (alive or dead at departure from
hospital)
Date of disposition Day/month/year

Further details regarding SQUAD have been described
previously in the form of a teaching case for the Lancet
Commission on Global Surgery [10] (This two part teaching
case can be found at http://www.lancetglobalsurgery.org/
teaching-cases, Part A: http://docs.wixstatic.com/ugd/
346076_40106c3b9bda42a2854fbcOcf8d1614e.pdf, Part B:
http://docs.wixstatic.com/ugd/346076_bacf80f10dc246f81
157a46b04787cf.pdf).

Power calculation

A power analysis was performed to estimate sample size
for a study with 80% power to determine a 5% difference
in completeness of patient capture with an alpha level of
0.05. Based on database entries from 2014, a two-week
period of enrollment would capture the 150 patients
required for a sufficient sample size. Ethical approval was
obtained from the Institutional Review Committee at
MUST, the Ugandan National Committee for Science and
Technology (UNCST) and from the Institutional Review
Board at Boston Children’s Hospital.
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Prospective data collection

Prospective data were collected for all patients admitted to
the surgical services at MRRH over a two-week period in
November 2015. Otolaryngology patients were excluded
because that component is being validated separately.

Twenty variables, chosen on the basis of a review of
surgical outcomes literature to determine the variables most
important in quality improvement and outcomes research
[14-16], were captured (Table 1). We ensured that the
chosen variables allow for calculation of important metrics
recommended by the World Bank and the Lancet Commis-
sion on Global Surgery, such as surgical volume and post-
operative mortality rate [1, 17]. Of note, the variable
“complication” simply denotes whether any complication
(specifically surgical site infection, wound dehiscence or
deep venous thrombosis) was recorded in the chart.

Prospective data collection was completed by direct
observation. Data collectors attended morning rounds in
the emergency department and all surgical wards, in
addition to performing direct observation in the operating
theaters and intensive care unit (ICU). No direct observa-
tion occurred after dark due to safety concerns. Each
morning, data collectors met with overnight staff to com-
plete data collection on patients admitted overnight. Data
collection continued until discharge, hospital day 30 or
death, whichever occurred first. Most of the variables
collected allowed for simple objective observations (e.g.,
date of operation, surgeon, gender). For those variables that
had a subjective component [e.g., diagnosis, operation,
American Society of Anesthesiologist Score (ASA)], we
observed what the clinician recorded in the logbooks and
paper charts.

Completeness and accuracy

The prospectively collected data were compared to the data
entered into SQUAD over the same time period for com-
pleteness and accuracy.

The completeness of the SQUAD database was defined
by the proportion of all patients and variables included in
the prospective data captured from all data collection
methods that were captured by SQUAD.

Accuracy of data within the SQUAD database was
assessed by comparing data points between the SQUAD
database and the prospectively collected data for the 164
patients represented in both cohorts. Accuracy was asses-
sed in two ways. We first determined if the data collected
in SQUAD agreed with that collected prospectively. Two
individuals independently rated each variable for every
patient as “agree” or “disagree” between the 2 data col-
lection methods. When the two raters disagreed, an
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Prospective Cohort
178 patients

SQUAD Cohort
172 patients

186 unique patients
for completeness analysis

4 N

_| 14 captured prospectively, not
retrospectively

.| 8 captured retrospectively, not
g prospectively

v

164 patients
for accuracy analysis

Fig. 1 Patient flow chart. Number of patients in each data
collection and comparison group

arbitration was performed with a third rater until consensus
was reached. Because time of admission is not captured in
the logbook or charts, dates of admission were considered
to be concordant if the two dates were within one day (to
exclude admissions around midnight). Because the actual
date of discharge is not recorded on weekends, date of
discharge was considered concordant if the two dates were
within 3 days.

Inter-rater reliability between prospective data collec-
tion and SQUAD was determined by calculation of a kappa
statistic for each variable. This is a more sensitive measure
for low-frequency observations, because it takes into
account the percentage of matches that would happen by
chance. We used the standard qualitative descriptive terms
associated with a range of kappa values (0.01-0.2 no to
slight agreement, 0.21-0.4 fair, 0.41-0.60 moderate,
0.61-0.80 substantial, 0.81-1.0 excellent or almost perfect
agreement) [18].

All statistical analysis was performed using STATA 14
(College Station, TX).

Results

During the two-week period of prospective data collection,
178 patients were captured. Over the same period, 172
patients had encounters recorded in the SQUAD database.

Fourteen patients captured prospectively were not captured
in SQUAD, and SQUAD captured eight patients not cap-
tured in the prospective data collection (Fig. 1), for a total
of 186 patients.

Basic demographic characteristics between the SQUAD
database cohort and the prospectively collected cohort
were very similar (Table 2). Male patients accounted for
76%, with an average age of 27 years and a range between
0 and 98 years. Just over one-third of all patients admitted
to the surgical services underwent at least one operative
procedure, and approximately half of these procedures
were classified as emergent. Median ASA was 2, and less
than one-third of patients had an ASA of >3. Only 5% of
patients were admitted to the ICU at any point during their
hospital course, and the postoperative complications cap-
tured (surgical site infection, wound dehiscence, deep
venous thrombosis) were rare. Four patients were still in
the hospital at the 30-day point and were thus censored.
The median hospital length of stay was approximately
3 days, with an interquartile range of 1-7 days. Thirteen
patients in each cohort died, producing an overall mortality
of approximately 7-8%.

Overall, SQUAD was complete for the variables of
interest. As seen in Table 3, all variables except ASA had a
data point capture rate of greater than 85%. ASA was
recorded for 69% of patients who had an ASA collected
during the prospective data collection. The 14 patients not
identified in SQUAD, trended toward younger ages. None
of these patients were admitted to the ICU or had emergent
surgeries.

A comparison of the accuracy of data is also displayed
in Table 3. Sixteen of the 20 variables were found to be
more than 90% accurate. Three of the variables (anesthesia
type, operation urgency and surgeon) were accurately
recorded between 80 and 90% of the time in SQUAD.
Finally, ASA had only 54% concordance with prospective
data collection.

As expected from the percent concordance, 16 of the 20
variables had a kappa statistic of >0.80, or “almost perfect
agreement”. Two variables (procedure urgency and anes-
thesia type) had a kappa statistic between 0.6 and 0.8 or
“substantial agreement”. The last two variables (compli-
cation and ASA) had a kappa statistic of 0.48 and 0.43,
respectively, or “moderate agreement”.

Discussion

We performed a prospective study to determine the validity
a surgical outcomes database (SQUAD) in a referral hos-
pital in Uganda. Overall, patient capture in SQUAD was
excellent. Of 186 surgical patients seen over the study
period, 172 (92.5%) were captured by SQUAD. The
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Table 2 Descriptive statistics of the different cohorts

Prospective cohort

SQUAD cohort

Patients missed in SQUAD

(N = 178) (N =172) (N=14)

Male sex 135 (76) 131 (76) 10 (71)
Age (years) 23 (7-37) 24 (8-37) 13.5 (4-30)
Range 0-98 0-98 0-78

<1 14 (7) 12 (6) 2 (14)

1-18 59 (31) 55 (29) 7 (50)

19-64 89 (47) 90 (48) 4 (29)

>65 26 (14) 31 (16) 1(7)
Surgical procedure performed® 70 (38) 65 (37) 4 (29)

Emergent Procedure 41 (59) 32 (49) 0 (0)
ASA Score 2 (1-3) 2 (1-3) 2.5 (1.5-3)

1 24 (36) 13 (25) 1(25)

2 23 (34) 25 (49) 1(25)

3 14 (21) 9 (18) 0

4 4 (6) 24 0

5 2 (3) 24 0
ICU admission 8 4) 8 (5) 0
Complication 8 4) 4 (2) 1 (7)
Hospital length of stay (days) 3(1-7) 31-7) 2.5 (1-7)
Death 13 (7) 13 (8) 1(7)

Comparison of basic demographic and basic inpatient characteristics between Prospective and SQUAD cohorts and those patients missing from

SQUAD
All data presented as number of patients (%) or median (IQR)

% Two patients had two procedures, total number of procedures is reported, (%) represents the percent of patients having one or more surgical

procedures

individual variable capture rate in SQUAD was more than
85% for all variables examined with the exception of ASA.
ASA was recorded in SQUAD 69% of the time. SQUAD
was also highly accurate. We found 16 of the 20 variables
were accurately recorded more than 90% of the time.
Another three—type of anesthesia, operation urgency and
surgeon—were 80-90% accurate. Finally, ASA was
accurately recorded only 54% of the time. The inter-rater
reliability for 16 of the 20 variables had near perfect
agreement (k 0.8—1.0). Operation urgency and anesthesia
type had substantial agreement (k 0.6-0.8). ASA and
complications had only moderate agreement (k 0.4-0.6).

These data suggest that SQUAD is a valid database for
the selected variables. Nearly all patients admitted to the
surgical services during the study period were included in
SQUAD. Important variables such as age, gender, dates of
admission and discharge, diagnosis, operation, and ultimate
disposition are highly accurate. This will allow for calcu-
lations of important outcomes metrics and for basic risk
adjustment.

ASA has been shown to be one of the most important
variables for surgical risk stratification [15, 16]. Our data
suggest that there is room for improvement in ASA capture
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by SQUAD before it can be used with confidence. Our data
collection highlighted some ways that this might be
improved, especially with regard to logbook review. If you
consider ASA accuracy as within 1 of that recorded
during prospective data collection, the accuracy increases
from 54 to 67%. Additionally, if you consider only patients
for whom SQUAD captured an ASA and classify ASA as
accurate within 1, the accuracy increases to 91%.

An outcome that is frequently reported in the surgical
literature is postoperative complication rate. In our study,
the variable “complication” was found to have a k of 0.48,
the lowest of all the variables. We found during our data
collection that due to resource constraints common surgical
complications included in other outcomes databases, such
as thromboembolic, are rarely diagnosed or documented.
We do not feel, therefore, that any type of complication, or
even the overall rate of postoperative complications, can be
reliably assessed with SQUAD.

There are a number of other variables that are often
recorded in surgical outcomes research, such as imaging
and laboratory values, that we did not assess. Albumin, in
particular, has been shown to be an important variable in
risk stratification in NSQIP [15, 16]. We did not even
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Table 3 SQUAD Database Completeness and Accuracy

Completeness (% complete)

Accuracy (% inter-rater agreement)

Kappa statistic (inter-rater reliability (CI))

Name 92 100
MRN 92 90
Age 92 96
Sex 92 99
Admission date 92 98
Admission diagnosis 92 97
Disposition date 90 93
Disposition 90 99
Discharge diagnosis 89 96
ICU admission 91 98
Ventilator use 91 99
Complication 91 97
Surgery performed 92 96
Procedure date 88 91
Anesthesia type 88 80
ASA 69 54
Operation urgency 88 85
Procedure description 88 91
Surgeon 86 82
Anesthesiologist 88 95

1.00 (0.99-1.01)
0.88 (0.87-0.89)
0.96 (0.94-0.99)
0.98 (0.83-1.14)
0.97 (0.93-1.02)
0.97 (0.94-1.00)
0.92 (0.89-0.96)
1.00 (0.84-1.15)
0.94 (0.92-0.97)
0.87 (0.72-1.01)
0.85 (0.72-0.99)
0.48 (0.34-0.62)
0.93 (0.78-1.09)
0.92 (0.85-0.98)
0.63 (0.44-0.82)
0.43 (0.32-0.55)
0.73 (0.51-0.95)
0.94 (0.89-0.98)
0.82 (0.74-0.91)
0.89 (0.79-0.98)

The kappa statistic is a measure of inter-rater reliability and can be interpreted as follows: 0.01-0.2: no to slight agreement, 0.21-0.4: fair
agreement, 0.41-0.60: moderate agreement, 0.61-0.80: substantial agreement, 0.81-1.0: excellent or almost perfect agreement [17]

attempt to measure these variables because they are almost
never collected or recorded in the charts at MRRH. In
many LICs, imaging and laboratory investigations are
seldom used because they are either not readily available,
or only available at great cost to the patient. We cannot
recommend that SQUAD be used to examine outcomes
that rely on the use of imaging or laboratory investigations.

There are several limitations to this study. A compre-
hensive assessment of database validity looks at six dif-
ferent factors: completeness, accuracy, precision,
correctness, consistency and timeliness [19, 20]. We were
able to directly assess only two of these six variables in this
study; but, arguably, these are the most important two
variables. It is not unusual for a database validation to
assess only some of the aforementioned parameters. It has
been reported previously that most database validation
studies assess only three of these parameters, specifically:
completeness, accuracy and timeliness [20]. Timeliness in
our case was not directly assessed, but we do know that
database entry for SQUAD occurs on a continual basis.
Upon patient discharge, the SQUAD data entry clerks
collect patient charts from the wards; the data are entered
into SQUAD; and the charts are then sent to medical
records. This suggests that timeliness is not an issue with
this specific database. SQUAD contains over 100 variables,

some only relevant for certain patients (e.g., patients
admitted to the ICU or on the obstetrics service). We only
examined 20 of these variables in the surgical population.
These 20 variables were agreed upon as the most clinically
and administratively important variables. It is likely that
the other variables in SQUAD do not have the same degree
of validity as the ones highlighted in this paper. Thus, the
database is valid only for the 20 variables in question. This
validity should not be extrapolated to the variables not
specifically addressed in this study.

The future of global surgery hinges upon a solid
understanding of the current state of the problem and an
accurate way to monitor patients and outcomes over time.
SQUAD is an attempt to develop a surgical registry that is
appropriate and feasible in the low-resource setting. The
current study validates the data captured by SQUAD,
rendering it a powerful tool on multiple fronts. We need to
develop additional simple, sustainable and valid registries
that are easy to roll out across multiple centers in LMICs in
order to truly begin to understand, and therefore to
improve, the global burden of surgical disease.
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