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Abstract

Strengthening quality management systems of clinical laboratories in Cambodia and the role of
quality mentors: a quantitative evaluation of program outputs and outcomes
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Department of Global Health

Programs to improve laboratory quality management systems (LQMS) in resource-limited
countries have been shown to be an effective means to meet international accreditation standards
for improved health outcomes. In the context of Cambodia, where most clinical laboratories have
not yet met these standards, much can be learned from the evaluation of current LQMS
improvement programs and their effectiveness at achieving measurable change. Toward this end,
this study describes and evaluates the methods, outputs, and outcomes of the International
Training and Education Center for Health’s Laboratory Health Systems Strengthening Program
in 12 clinical laboratories between January 2018 to April 2019. The program goal is to improve
laboratory operations in Cambodia for enhanced disease detection, surveillance, and biosecurity
through improved quality assurance and management practices. In participating laboratories, the

program used a combination of methods, including formal LQMS training, on-site technical



consults, and remote mentoring by trained quality mentors through video conference
technologies. For evaluation of this program within the logical framework of program activities
in participating laboratories, activity outputs were quantified from the activity reports of program
trainers and mentors; direct program outcomes were measured by pre- and post-implementation
audits of LQMS conformity to international standards; and changes in laboratory quality as
indirect outcomes were assessed through a set of common indicators of laboratory quality.
Program activities achieved an average output per laboratory of 23+2 trainings of target
personnel, 1142 site visits, and 6027+2454 minutes of video-conference activity participation
with quality mentors. Participating laboratories significantly improved performance in pre- and
post-implementation audits as a program outcome over a 15-month evaluation period by a mean
percent difference of 22+12% (p=0.002). A separate cross-sectional comparison found that 2019
overall scores of intervention laboratories (median=56.5) were significantly higher (p=0.0001)
than those of a sample of laboratories with no intervention (median=22%). Significant
differences between comparison groups were found in all individual audit sections addressed
directly through program activities. In subsequent analysis of physician satisfaction ratings,
corrected report frequencies, test turnaround times, and external quality assessment performance,
changes in these measures of laboratory quality have not yet demonstrated the desired long-term
outcome. This study demonstrates, however, the potential of the Cambodia laboratory
information system and national external quality assessment program as long-term monitors of
quality and provides recommendations for improved data collection and process improvement.
Regarding the role of quality mentors, a test for correlation between pre- and post-audit
score differences and laboratory personnel participation time in remote mentoring activities

identified a strong monotonic relationship (rs=0.66, p=0.02). This relationship highlights the role



of remote mentoring through video communication technologies as a potentially valuable
approach for future program development in similar, resource-limited settings. The study as a
whole shows that LQMS performance and conformity in participating laboratories has improved
significantly in Cambodia after a mixture of remote and on-site mentoring along with a formal
training curriculum, suggesting that replication of these approaches may be beneficial if
expanded to non-intervention laboratories, which currently demonstrate significantly lower

performance in LQMS audits.
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Introduction

Laboratory quality management systems in Cambodia

Developing strong laboratory quality management systems (LQMS) is a key component of
strengthening health systems for improved health outcomes and disease surveillance in resource-
limited countries, requiring standardization and strategic planning!=. ISO 15189 accreditation,
which is the international standard for medical laboratory quality management systems
recommended by the World Health Organization (WHO), provides standardization of LQMS
requirements with a strong technical foundation for health, safety, and conformity*. These
standards are stringent, however, and have required a variety of approaches for laboratories at
different levels of development to achieve them™*”.

In Cambodia, a national effort to meet International Health Regulations and improve
health outcomes has culminated in the endorsement of national laboratory quality standards in
2011 and a national laboratory strategic plan in 2010 with an objective to improve quality
management systems of national and regional medical laboratories®’. Subsequent progress has
included the integration of external quality assessments (EQA) through private and public
partnerships, and the development of a National Laboratory Information System (CamLIS) in
collaboration with WHOS?. In 2013, however, a comprehensive assessment of laboratory quality
management capacity in Cambodia using the WHO Laboratory Assessment Tool (LAT) revealed
general indicator scores of laboratory capacity to remain deficient’. The assessment measured 11
indicators of laboratory capacity, identifying a low average score of 36% in 22 laboratories, with
indicators of LQMS averaging only 47% due to a lack of quality management systems, trained

quality assurance managers, or continuous improvement practices’'°.



There are several examples of successful LQMS development programs demonstrated in
Cambodia®!®!!, In 2011 the US Center for Disease Control (CDC) partnered with the Cambodia
Ministry of Health (MOH) to implement the Strengthening Laboratory Management Toward
Accreditation (SLMTA) program to meet the need for LQMS development'!. The partnership
implemented baseline audits of 12 laboratories in 2012, subsequently providing a series of
trainings and learning projects with mentored support for LQMS development!!. The Stepwise
Laboratory Improvement Process Towards Accreditation (SLIPTA) audit tool used to monitor
the SLMTA program has since been adapted by the Cambodia MOH to develop the Cambodia
Laboratory Quality Management System Checklist for Accreditation (CamLQMS), which is now
used by the MOH as a primary method of LQMS assessment through the Bureau of Medical
Laboratory Services, otherwise referred to as BMLS!'? (BMLS Cambodia, unpublished
presentation, 2018). Successes of the SLMTA program in Cambodia and globally have shown
the impact that structured and mentored LQMS programs can have in resource-limited healthcare
systems, suggesting promise for other such programs in Cambodia in the future'?.

The International Training and Education Center for Health (I-TECH), a non-profit
organization affiliated with the University of Washington, partnered with the MOH in Cambodia
in 2014 to improve and expand LQMS implementation nationally as part of the organization’s
Laboratory Health System Strengthening (LHSS) Program. This program began with a mentored
and stepwise approach to accreditation, complementary to SLMTA’s approach, and later
transitioned to a combination of training, mentorship, and advocacy that supported the current
strategy to LQMS development’-!®. The current mentored LQMS approach of the LHSS Program

in Cambodia from July 2017 to April 2019 is the primary focus of this study, which aims to



describe and evaluate the process and outcomes of program implementation in participating

laboratories.

Program background

During the initial project of the LHSS program in Cambodia, participating laboratories
utilized the Laboratory Quality Stepwise Implementation (LQSI) toolkit with the support of a
local I-TECH Cambodia mentor, trained in quality management system implementation'’. The
LQSI was developed by the Royal Tropical Institute for WHO as a public resource for medical
laboratories in resource limited settings to implement LQMS and achieve ISO 15189
accreditation, and the tool was adapted by I-TECH for use by Cambodian laboratories'®!3. This
program has since been implemented in 12 laboratories and has demonstrated that consistent on-
site mentoring in the local language with an action plan and stepwise checklist toward
accreditation standards enhances LQMS development without interrupting regular laboratory
services!’.

One finding from a follow-up assessment of the 2013 independent LAT assessment in
2015 determined that laboratories participating in [-TECH LHSS Program’s mentored LQSI
project improved mean general indicator scores from a baseline of 52% in 2013 to 69% in 2015,
while those of non-mentored laboratories improved from a baseline of 49% to 50% during the
same period”!'® (WHO Cambodia, unpublished data, 2016). While this study and further program
evaluation have demonstrated that [-TECH’s past program approaches are valuable to the field of
laboratory quality improvement, recent external evaluation recommendations and changes to the
national strategy to LQMS development have prompted a change in approach to I-TECH’s

LHSS Program in Cambodia’®. The primary goal of the program is



“to improve laboratory operations in Cambodia for enhanced disease
detection, surveillance, and biosecurity through improved laboratory quality
assurance and management practices in tertiary level and national referral
hospital laboratories, in line with national and international quality standards
and regulations” (L.A. Perrone, PhD, unpublished presentation, April 2019).

The general program objectives were carried out through a mixture of advocacy for legal and
regulatory framework, curriculum development, continuing mentorship and training of
participating laboratory managers and Quality Assurance Officers (QAO), and the support of
additional quality assurance oversight and networking.

One notable shift in implementation of the program includes a complete switch to the
nationally driven CamLQMS checklist as the primary assessment tool for stepwise LQMS
development to meet accreditation standards. In January of 2018, a baseline CamLQMS
assessment in the twelve participating mentored laboratories was completed in partnership
between I-TECH Cambodia and the Cambodia BMLS. This audit was followed by a
dissemination meeting and training workshop where QAOs and laboratory managers were
trained in action planning to eliminate gaps or deficiencies among the 12 sections of quality
assessed within the audits. These 12 sections are derived from the 12 Quality System Essentials
(QSE) established by the Clinical and Laboratory Standards Institute as follows'?:
Documents and records
Management reviews
Organization and personnel
Client management and customer service
Equipment
Evaluation and audits
Purchasing and inventory
Process control and internal and external quality assessment
Information management
Corrective action

Occurrence management and process improvement
Facilities and safety
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I-TECH Cambodia then implemented a series of eleven trainings that further targeted gaps in
these quality management essentials within participating laboratories and continued to support
laboratories through on-site reviews along with frequent video conference training and
mentoring, occurring at least weekly. These activities were followed by a second CamLQMS
audit, giving post-intervention LQMS capacity data for each laboratory. This collection of data,
along with an assessment of outputs and additional quality indicator data during the same period,

is the foundation of the program’s evaluation.

Methods for evaluation

This study is a quantitative evaluation, describing the I-TECH Cambodia LHSS Program
activities, outputs, and outcomes in participating laboratories during the evaluation period of
January 2018 to April 2019. The evaluation used an uncontrolled longitudinal study to assess
changes in LQMS compliance to international standards and changes in quality between baseline
and endpoint measurements. A cross-sectional analysis was then used to compare post-
implementation LQMS performance and conformity of intervention laboratories to a select group
of non-intervention laboratories. The logic model, which provides context for the evaluation, is

demonstrated in Figure 1.
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Indirect
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Figure 1. Program evaluation logic model
Y(L.A. Perrone, PhD, unpublished presentation, April 2019)

The logic model demonstrates the hypothesized relationship between activity inputs, outputs,

direct outcomes, indirect outcomes, and program impact. The methods presented here quantify

indicators of select components of the implementation process by first assessing the program

outputs, then improved LQMS capacity as a direct outcome, and then changes to quality

indicators as indirect outcomes of program activities. Indirect outcomes are hypothesized to be

longer term changes in quality as a result of direct changes in improved LQMS conformity to

quality standards and readiness for accreditation.

This study utilized retrospective data to evaluate the impact of the program intervention

on laboratory quality management systems, with no elements of the study aimed at generating

conclusions about human subjects or their behavior. As such, the University of Washington



Human Subjects Division has determined that it does not include human subjects research and is
exempt from further University of Washington IRB review.

Data management and basic descriptive statistics for all evaluation methods were
performed using Microsoft Excel for Office 365. All complex calculations of statistics and

hypothesis testing were performed using STATA 14 statistical software.

Methods for the evaluation of program activity outputs

For the description and enumeration of activity outputs, the study utilized monitoring and
evaluation records collected from I-TECH Cambodia. Outputs of interest, as listed in the logic
model in Table 1, include (1) the number of trainings attended by personnel of the intended
audience per laboratory, (2) the number of days of onsite mentorship provided per laboratory,
and (3) the amount of video conference training and mentoring time recorded during the
evaluation period. Materials for output calculations were provided in the form of (1) attendance
records for the 12 completed trainings, (2) the I-TECH Cambodia project calendar and mentor
site-visit reports, and (3) Zoom usage reports, extracted by [-TECH Cambodia from the team’s
Zoom accounts for evaluation and reviewed to match laboratory and position details to meeting
participants. Supplementary records of remote mentoring were provided to corroborate usage
reports and to identify missing information. Datasets from all three material sources were
organized into separate spreadsheets for review and quantitative analysis.

The training curriculum implemented by I-TECH Cambodia in partnership with BMLS
and the University of British Columbia involved eleven intensive multi-day sessions of quality
management and quality assurance training. Attendance records for all 11 training events were
organized by meeting date and analyzed for the count of personnel trained who matched the

criteria for the intended audience of each training event. The intended audience generally
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included laboratory managers and QAOs but at times included directors or administrators,
biosafety officers, equipment officers, or stock officers. Attendance entries that met inclusion
criteria for the intended audience were included as a count of one intended audience training.
Counts were calculated by laboratory and event, and totals and averages were calculated for the
group.

On-site visits to laboratories by I-TECH quality mentors were aimed to meet the specific
technical needs of laboratories to address the larger gaps in quality management. Records of on-
site mentoring were similarly organized into a separate spreadsheet, organized by laboratory
visited. On site mentoring reports contained sufficient detail for a summation of the number of
unique days on-site for a minimum of one half-day of mentoring with laboratory quality
assurance personnel. Totals and averages were similarly calculated for the overall group.

Because program mentors used Zoom Video Conference Calling for most remote
mentoring and training, meeting and participant data were automatically recorded through the
report feature of the conference tool and available for extraction. These reports were compiled
into a dataset including a join time, a leave time, and a duration of participation for each user ID
during a meeting as a representative sample of remote mentoring activities. Within this dataset,
formal training attendance logs were used to match user IDs with the participants’ laboratories
and positions where a name was indicated, using mentor reports as supplement records to match
and attribute 98% of participation time to participating laboratory personnel, to I-TECH
Cambodia staff or mentors, or to other participating stakeholders.

Due to the use of multiple devices by some participants during meetings, a dynamic
Gantt Chart was used to visually and methodically identify duplicate, overlapping usernames, the

duplicates of which were then recategorized as "device only" regarding position and laboratory
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to exclude them from analysis. All user logins that indicated multiple participants associated with
a user ID were duplicated to reflect attendance of those participants. Minutes of participation
time were grouped by laboratory and summed to calculate total participation time of unique
attendees from each laboratory within the sample over the evaluation period. Records of
additional remote training or mentoring events held outside of tracked video conferences were
reviewed to determine how representative the sample is out of the total estimate of events.

Total video conference participation times per laboratory were plotted in a scatter
diagram against the direct outcome of percent differences in pre- and post-intervention audit
scores, described under the methods for CamLQMS outcome evaluation, to be visually inspected
for a linear or monotonic relationship between the two variables and then tested for the strength
of that relationship by using Spearman’s rank order correlation coefficient. Spearman’s rank was
chosen as a non-parametric test due to the small sample size of the intervention group (n=12),
which was expected to increase the test sensitivity to moderate outliers in a Pearson’s Test for
Correlation. Because formal trainings and site visits were restricted from random variation, this
study was unable to provide similar correlation assessments between these activity outputs and

direct program outcomes.

Methods for the evaluation of CamLQMS audit score changes as a direct program
outcome

For the assessment of improved LQMS capacity in participating laboratories as a direct outcome
of program activities, the primary data collection tool used was the nationally accepted
CamLQMS checklist for accreditation, which is an electronic adaptation of the WHO AFRO
SLIPTA audit tool'!. The CamLQMS checklist is divided into 12 sections of laboratory quality

and 117 questions, each assigned a numerical value that contributes to the audit score within
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each section and in the whole, as shown and described in the example scorecard in Appendix A
(BMLS, unpublished document, 2017). Auditors were thoroughly trained by I-TECH and BMLS
to identify areas of conformity and nonconformity to CamLQMS standards.

Mentored LQMS laboratories completed baseline CamLQMS audits in January of 2018
and outcome assessments in April of 2019 for a case-series analysis of the improvement of
LQMS compliance scores over time. Additionally, a comparison group of representative non-
mentored, non-LQMS laboratories was selected by BMLS at the request of [-TECH for an
additional cross-sectional study, with the requested criteria that all comparison laboratories
should be selected from similar hospitals in terms of the complementary package of activities or
services (CPA) offered. The complete list of laboratories included in this study is shown in Table
1, including the demographics of each laboratory’s workforce, inpatient capacity, workload, and

CPA category of services provided by the laboratory hospital.
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Table 1 . List of laboratories included in 2019 CamLQOMS audit assessments, including
demographics of laboratory workload and capacity provided by each laboratory

Average Average Average
Inpatient  inpatient Dumber pymber
Primary occupancy occupancy ©°fdaily  oflab CPA®
partnership # of lab capacity (# (%o ofbeds OPD" tests per capacity
support Laboratory name staff of beds) used) visits day type
Prey Veng Provincial Referral Hospital Laboratory 9 200 80 35 200 CPA-3
Svay Rieng Provincial Hospital Laboratory 13 168 133 84 173 CPA-3
Preah Sihanouk Provincial Referral Hospital Laboratory 10 160 100 83 a0 CPA-3
Kampot Provincial Referral Hospital Laboratory 12 155 112 119 429 CPA-3
Preah Kossamak Hospital Laboratory 36 400 85 11 914  CFAS3
&= National
= Takeo Provincial Referral Hospital Laboratory 15 250 110 84 311 CPA-3
&} Chey Chumneas Referral Hospital Laboratory (Kandal) 12 90 85 35 25 CPA-3
E Kratie Provincial Referral Hospital Laboratory 10 150 86 70 115 CPA-3
Kampong Cham Prowvincial Referral Hospital Laboratory 19 260 110 35 500 CPA-3
Khmer Soviet Friendship Hospital Laboratory (KSFH) 33 600 140 1052 1614 f;inzl
Preah Ang Duong Hospital Laboratory 14 260 100 700 1000 CPA-3
National Pediatric Hospital Laboratory 28 300 120 210 600 P47
MNational
Pea Reang Referral Hospital Laboratory 4 130 100 40 80 CPA-2
é Neak Loeung Referral Hospital Laboratory 4 120 50 120 110 CPA-2
% Kampong Trabek Referral Hospital Laboratory 4 120 30 45 60 CPA-2
B Romeas Heak Referral Hospital Laboratory 4 70 137 30 40 CPA-2
§~ Kirivong Referral Hospital Laboratory 8 120 140 120 250 CPA-2
Té Koh Thom Referral Hospital Laboratory 6 74 65 10 30 CPA-2
% Tbong Khmum Referral Hospital Laboratory 5 90 110 No OPD* 40 CPA-2
{:; Ponhea Krek Referral Hospital Laboratory 8 80 96 10 200 CPA-2
Kampong Trach Referral Hospital Laboratory 8 70 50 50 15 CPA-2
Angkor Chey Referral Hospital Laboratory 7 60 37 30 20 CPA-2

“OPD visits is short for outpatient department visits

bCPA is short for the complementary package of activities or services provided by the hospital

Within the two groups studied, CPA-2 hospitals generally have 60-100 beds, basic obstetric care,

emergency care, major surgery, blood transfusion, and other specialized services, while CPA-3

hospitals generally have a capacity of 100-250 beds and additional specialized services to those

of CPA-2 hospitals'®. Because most CPA-3 hospital laboratories in Cambodia are now

implementing LQMS improvement programs as part of the established I-TECH or SLMTA

initiatives, all comparison laboratories in this list are of the CPA-2 category.

Both sets of 2018 and 2019 audit results have been provided for analysis in this study,

from which audit scores were calculated as a percentage of the total added value of checklist
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items for each section and overall for each laboratory. A Wilcoxon Sign-rank non-parametric
comparison for paired samples was performed to determine the strength of the difference
between 2018 and 2019 audit scores of mentored LQMS laboratories for each section and total
overall. Mean audit scores and standard deviations were calculated by section for a visual
presentation of comparisons between laboratory groups, and all sections with statistically
significant differences between years were documented with the level of significance.

Simple calculations of the percent difference in overall audit scores between years were
measured in each section to present the magnitude of change visually. These percent differences
were used as the primary outcome variables for a Spearman’s rank correlation assessment of the
relationship strength between audit score improvement and laboratory personnel participation
time in video conference activities.

An assessment of the statistical difference between audit scores of mentored LQMS
laboratories and non-mentored, non-LQMS comparison laboratories was performed using the
Wilcoxon Rank-sum test for two independent samples. Comparisons were made for overall audit
scores and scores for individual audit sections, and all sections with statistically significant
differences between groups were again documented with the level of significance.

The decision to use non-parametric tests over parametric alternatives was based on tests
for basic assumptions for parametric testing and ultimately was determined by tests for normality
within the distributions of the variables. A Shapiro-Wilks test for normality was performed for
both pre- to post-audit comparisons and intervention to non-intervention comparisons of overall
scores, then for comparisons of scores within individual audit sections. Although normality was

found for overall audit score distributions in both sets of comparisons, the same could not be
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found for comparisons of individual sections between intervention and non-intervention

laboratories. For consistency, nonparametric tests were chosen for both comparisons.

Methods for the evaluation of quality indicators as indirect program outcomes

To assess whether quality has changed during the evaluation period as an indirect outcome of
program activities, a selection of common quality indicators was chosen to comprehensively
detect changes in different aspects of quality. The use of quality indicators is a requirement of
ISO 15189 accreditation standards, and has long been used as a tool both for monitoring quality
for corrective action and for monitoring and driving improvement!®!7. Indicators were selected
based on their ability to detect changes in different areas of laboratory quality, on the quality of
data from laboratories, and on the availability of retrospective data within a relevant timeframe
to the evaluation period. The following indicator measures are presented with their respective

analysis methods as follows:

Physician satisfaction surveys

The use of physician satisfaction surveys as a quality indicator of laboratories is one of the
standards and requirements of ISO 15189 accreditation and measures timeliness and
effectiveness of laboratory services!®!®. Physician satisfaction ratings on a Likert scale of 1 to 5
were measured using a brief physician satisfaction survey that was distributed to health providers
being served by the 12 participating hospital laboratories. In contrast to other quality indicators
used in this study, a baseline dataset was not available for a proximal timepoint to the evaluation
period. Baseline data were collected instead from a former survey that was successfully collected
by I-TECH in 2015 and a smaller version of this same survey was distributed again in February
2019 in the national language, Khmer, with the same methodology. An English translation of the

condensed 2019 survey can be seen in Appendix B. Anonymous surveys for both years were
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collected and assigned a unique identifier by I-TECH mentors. These surveys were then assigned
to a translator for all free form entry to be translated into English, then all data were entered into
a spreadsheet for analysis. In 2019, response data from 11 of the 12 laboratories were collected
successfully and combined with 2015 data to be compared by year.

An exclusion criterion was required in the protocol to exclude ambiguous or incomplete
data. Respondents who failed to list their positions or who listed a position in their hospital as
anything other than an ordering healthcare provider were excluded from the study. Questions
were analyzed independently, excluding missing or ambiguous responses from the analysis of
each variable. Responses that were left blank, incomplete, or answered ambiguously were
removed from data analysis and response totals. The shortened survey included two categories of
Likert scale questions: those related directly to satisfaction and those related to physician
utilization of services. As a measure of physician satisfaction, however, only those questions
related to satisfaction (Appendix B, questions 4-5) were included in the final analysis for the
physician satisfaction indicator.

Means and standard deviations (SD) were calculated for all included variables in baseline
and endpoint surveys, and median ratings were calculated for Likert scale variables for each
category of physician satisfaction. An eighth category was generated as a composite measure of
overall satisfaction from an average of satisfaction ratings provided by each respondent in each
category. Counts and response frequencies of each of the five Likert scale ratings were then
calculated and plotted in a stacked bar graph to present the percent frequency of each rating out
of the total number of responses for each category. These frequencies were analyzed for obvious
differences between years. Because of the ordinal nature of the data, the non-parametric, two-

sample Wilcoxon Rank-sum (Mann-Whitney) test was used to determine whether physician
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satisfaction ratings had changed significantly in each category between surveys. Additionally, a
non-parametric Spearman’s rank order correlation test was performed to determine whether a
significant relationship exists between the variations in the composite measure of overall
physician satisfaction and overall 2019 CamLQMS audit scores in the 11 laboratories for which

complete both sets of data are available.

Corrected report frequencies
Corrected report frequency is another common indicator of quality in medical laboratories in
regard to patient safety'®. This study aimed to assess corrected report frequencies over time as an
indicator of analytical error in participating laboratories, identifying errors that were made but
not identified until after release of the initial reported result, and determining whether corrected
report frequencies decreased or improved over a segment of the mentored LQMS
implementation period. Past studies have shown that errors identified from corrected reports are
associated with adverse outcomes for patients, and laboratories are encouraged to investigate
corrected reports, identifying root causes of analytical error in the interest of quality
improvement!®

Data used for corrected report frequency analysis were extracted from the Cambodia
Laboratory Information System (CamLIS), which is a web based platform that allows
laboratories to record patient results in an electronic database synchronized to the MOH’s
national Health Management Information System’. CamLIS was developed and is continually
being improved and maintained by the WHO office in Cambodia, who have extracted and
provided data for the benefit of this study with permission from the Cambodia MOH. CamLIS is
functional in 11 of the 12 participating laboratories and has been capable of collecting and

storing corrected report data since mid-July of 2018.
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Six complete months of corrected report data were provided with the laboratory name,
the test type, the original and corrected results, the normal reference range, and the dates of the
original and corrected report entries. Corrected report frequencies were analyzed from a subset of
31 common biochemistry and hematology tests, selected to calculate a representative mean
frequency of corrected report occurrences per month. A separate dataset containing the number
of patients tested per month for each respective test type was used as the denominator for a
frequency of significant corrected reports made per 1000 patients per month.

The dataset was filtered to include only those corrected reports which had changed
interpretation between normal and abnormal results upon correction. Remaining reports, which
had changed in interpretation, were defined as significant corrections for the purpose of this
study. This definition is lenient by more ideal standards that would compare values to laboratory
critical ranges and whether the subsequent interpretations by clinicians were impacted by the
initial error'”; however, the criteria are limited here to the interpretation of data relative to the
reference range. Data for more stringent criteria was unavailable for this study.

From corrected reports that met the defined criteria, significant corrected error
frequencies were calculated as the mean number of corrected reports per 1000 patients tested per
month. These frequencies were then plotted over time and assessed for monotonic trends using a
locally weighted scatterplot smoothing (LOWESS) curve. A Spearman’s rank order test for
correlation was performed to determine the strength of any monotonic trends in mean corrected

report frequencies over time for individual laboratories and for the overall group.

Median test turnaround times and the percentage of turnaround times within standard limits
Changes in median turnaround times (TAT) and the percentage of TAT within target limits were

analyzed as an indicator of timeliness in participating laboratory testing. Data for analysis were
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provided again by the WHO office in Cambodia, extracted from CamLIS and provided with the
receipt and completion times for all creatinine and CBC orders during the evaluation period,
which were used to calculate a TAT for each test completed. Creatinine and CBC were chosen as
surrogate markers of TAT because they are two of the most commonly ordered tests for core
biochemistry and hematology?’.

Prior to analysis of TATs for participating laboratories, an inquiry was made as to the
record keeping practices of the laboratories to determine the quality of the data. -TECH
Cambodia mentors reported that many of the laboratories did not yet meet accurate standard
practices for recording receipt times of samples immediately upon arrival. Rather, technicians
have been known to record the receipt times immediately before reporting results. Of the 11
participating laboratories with available sample receipt and reporting time data, three were
recommended as having sufficiently accurate recording practices for inclusion in the study.
Laboratory TATs were further screened for data quality by plotting frequency distributions of
TATs in histograms to confirm that distributions of included laboratories demonstrated a non-
gausian, unimodal, positively skewed curve, typically expected in TAT analysis®'. In addition,
because testing for creatinine requires an initial processing time of five to ten minutes according
to required centrifugation times and minimum time on the instruments, a high frequency of
turnaround times within this processing period was considered indicative of falsified recording
practices, excluding the laboratory from the analysis.

Median monthly TATs and the monthly percentage of TATs within routine and rapid
turnaround time targets were calculated and plotted in line graphs over time for the evaluation

period between January 2018 and February 2019. Plots were evaluated for monotonicity of each
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category of data over time with the intent to test for monotonic trends using a Spearman’s rank

correlation coefficient if a monotonic trend was suspected.

Proficiency testing participation and compliance over the evaluation period

Proficiency testing (PT) or external quality assessment (EQA) is a common indicator of
patient safety and accurate testing and is another requirement of ISO 15189 accreditation
standards'#!8. Past studies have demonstrated the relationship between proficiency test
performance and testing accuracy, though it is widely considered limited due to a tendency to
measure only the best possible outcomes rather than a random sample of outcomes?2.

Cambodia has a national EQA program, largely supported by external funding and
implementing organizations, consisting of assessments in microbiology, hematology,
biochemistry, serology, and blood banking two to three times per year. Results for all
participating laboratories between 2012-2018 were provided for this evaluation by the Cambodia
National Institute of Public Health (NIPH), who serve as the focal point for distribution of EQA
materials and for the collection of assessment responses from laboratories. This analysis is used
conservatively to present whether intervention laboratories are improving in compliance with
EQA standards over time by assessing the percentage of laboratories that are participating in
EQA and that have achieved 80% or better in EQA assessments, and by assessing the mean EQA
scores of [-TECH mentored LQMS laboratories over time compared to the mean scores of all
other Cambodia laboratories.

In order to remain in compliance with national standards for a given period, laboratories
are expected to pass EQA assessments with a score of 80% or greater in any given round of
assessments. As an internal indicator of improved quality, individual laboratory and overall

interlaboratory mean performance scores in Hematology, Biochemistry, Serology, and
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Microbiology testing were organized by EQA implementation period and assessed for a passing
score of 80% or greater in participating laboratories. A percentage of the 12 laboratories
participating and passing EQA per assessment period was calculated for each of the six EQA
programs for which data was made available. These percentages for each EQA category were
plotted over the chronological sequence of EQA rounds and a linear regression was fitted to the
data for all categories to present changes in group EQA compliance over time.

To assess whether mean EQA scores of I-TECH mentored laboratories have improved
over time compared to all other Cambodia laboratories assessed through the national EQA
program, scores for all -TECH mentored LQMS laboratories were averaged per round of
implementation for each category and overall. The same calculations were made separately for
all other participating Cambodia laboratories to create an independent comparison group and the
average scores for each group were plotted in sequence for trend analysis. All scores of 0% due
to a laboratory’s failure to participate during an assessment period were excluded from this
analysis in order to reflect the laboratories’ actual performance. EQA scores for blood banking
were excluded due to the extremely small sample size of one blood bank capable laboratory

within the [-TECH LHSS program.

Results

Results for program output and outcome evaluation

Table 2 shows the numbers of outputs for all three measured program activities and the
corresponding increase in CamLQMS audit score as the direct program outcome. An output of
274 (mean=23+2) target personnel trainings, 72,321 (mean=6027+2454) minutes of video
conference training, and 130 (mean=11+2) visits to laboratories resulted in an average positive

percent difference of 23+12% between overall scores of the 2018 and 2019 audits. Video
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conference participation time was calculated from a sample of 153 Zoom meetings with
trackable usage reports out of a total of 261 meetings identified from supplemental mentor
reports and program calendar entries. In terms of staff inputs, formal training and video
conference activities included two primary mentors, two mentor trainees, the country project
coordinator, and three laboratory systems technical and senior technical specialists. Additionally,
several government officials from BMLS and the National Institute of Public Health in
Cambodia collaborated in the implementation of all formal trainings and in numerous video

conference activities.

Table 2. Individual laboratory and group mean calculations of the three primary activity outputs
and the overall outcome achieved within the evaluation period
Number of completed

trainings of intended Video conference Audit score
participants Mentor days on participation percent
(total participants) site per laboratory time (minutes)  difference

Prey Veng 19 (25) 9 3766 4%
Svay Rieng 21 (26) 10 5855 9%
Preah Sihanouk 24 (25) 10 2742 14%
Kampot 23 (25) 10 6320 31%
Preah Kossamak 25(29) 13 9302 43%
Takeo 24 (37) 13 9664 37%
Kandal 23 (24) 9 6800 25%
Kratie 21 (27) 13 5290 26%
Kampong Cham 28 (36) 13 7210 26%
KSFH 22 (24) 8 4434 29%
Preah Ang Duong 22 (26) 10 8675 15%
National Pediatric 22 (26) 12 2263 6%
Group mean + SD 23+ 2 (28+4) 11+£2 6027+2454 22%+12%

Table 3 lists the overall and individual section scores of intervention laboratories for 2018 and
2019 CamLQMS audits with a color scale to visually highlight and scale audit scores from low
(red), to medium (yellow), to high (green). The table reveals a large percent difference between

assessments and a high amount of variation between laboratories. A Wilcoxon Signed-Ranks
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Test indicated that overall audit scores for LQMS program laboratories in 2019 (median
score=56.5%) were significantly higher than overall audit scores for the same laboratories in
2018 (median score=40.0%), z=3.06, p=0.002. In a comparison of scores for individual audit
sections between years, the Wilcoxon Signed-Ranks Test indicated that mean 2019 scores for 11
out of 12 audit sections have improved significantly (p<0.01), with information management
being the exception, which had been maintained but not improved from an already high
performance at baseline. Table 3 indicates sections for which differences are statistically
significant. A bar graph for a visual comparison of overall audit scores between 2018 and 2019
for individual laboratories is presented in Figure 2, including overall scores of non-mentored,
non-LQMS laboratories for additional comparison. A bar graph of calculated mean scores for

each section in all comparison groups is presented in Figure 3.
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Table 3. Summary of 2018 and 2019 CamLQOMS audit scores overall and by individual section
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A color scale is used to visually highlight and scale audit scores from low (red), to medium

(vellow), to high (green) variations

“Audit score difference between comparison groups for indicated categories is highly significant
at the p<0.01 significance level
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Figure 2. Overall 2018-2019 CamLQOMS audit scores for intervention and comparison
laboratories. No 2018 non-mentored, non-LOMS baseline audits were available for analysis in
this study.
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Figure 3.Mean 2019 CamLQOMS audit scores for participating mentored LOMS program
laboratories compared to 2018 baseline and comparison laboratories. Error bars represent the
absolute standard deviations from the mean score of each section.
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“ Client Management & customer service

b Process Control & Internal and external quality assessment

¢ Occurrence management and process improvement

In a cross-sectional comparison of the 2019 audit performance of mentored LQMS laboratories

to the sample of non-mentored, non-LQMS comparison laboratories, Table 4 again provides a
summary of the overall and individual section scores of laboratories in both groups, color scaled
for visual comparison. The table again shows a large contrast in scores between the two groups
with a high amount of variation between laboratories. A two-sample Wilcoxon rank-sum (Mann-
Whitney) test indicated that overall audit scores for mentored LQMS laboratories in 2019
(median=57%) were significantly higher than overall audit scores for non-mentored, non-LQMS
laboratories (median=23%)in the same year (z=3.96, p=0.0001). Bar graphs of overall audit
scores for non-intervention laboratories are visualized in Figure 2 with those of the intervention
group. Mann-Whitney tests for individual audit section comparisons similarly found significant
differences in 11 of the 12 sections (p<0.001) between intervention and non-intervention
laboratories, information management again being the exception, which was significantly
different at the p<<0.05 level. Figure 3 presents a bar graph visualization of individual section
scores for comparison between intervention and non-intervention groups. In terms of percent
difference in mean section scores between groups, client management and customer service as
well as occurrence management and process improvement demonstrated the largest differences
of 56% and 54% between groups. Section 9, information management, again showed the

smallest percent difference between groups of 18%.
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Table 4. Summary of CamLQOMS audit scores overall and by individual section for both 2019
mentored LOMS and non-mentored, non-LOMS laboratories
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A color scale is used to visually highlight and scale audit scores from low (red), to medium
(vellow), to high (green) variations
“Audit score difference between comparison groups for indicated categories is significant at the

p<0.05 significance level

bAudit score difference between comparison groups for indicated categories is very highly
significant at the p<0.001 significance level

In an assessment of the relationship between mean audit score differences in 2018-2019

assessments and the amount of participation time by individual laboratories in zoom video

conference training a Spearman’s rank correlation showed a strong monotonic relationship

between the two variables (7:=0.66, p=0.02) with significant certainty. A locally weighted
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scatterplot smoothing (bandwidth=0.8) presents the monotonic but non-linear relationship

between the variables in Figure 4.

o
2 40%- )
o 7
>
— s
< -
(o] . -
2 30%- ™ -
[+ ] -
= —
2 b . -
o [ ] -
. -
= pmmmmm e
. -
= 0 -
= 20%- -
- -
: T
D - [ ]
[=H - //"
o] -
8 10%- -7
S 10% e .
7] -
% a2
= ]
<
0%

2000 3000 4000 5000 6000 7000 8000 9000 10000
Zoom participation time per laboratory (minutes)

Figure 4. Scatter gram of the percent difference in mentored LOMS audit scores and video
conference participation time by lab. Spearman’s rank coefficient rs=0.66, p=0.02. The line
represents a locally weighted scatterplot smoothing curve to represent the monotonic but non-
linear relationship of the variables (bandwidth=0.8).

Results for quality indicator changes as indirect outcome measurements

Physician satisfaction survey analysis

Respondents did not vary noticeably between years regarding the proportions of physicians
indicating positions of leadership or not. Average physician estimates of the percentage of
patients who require laboratory testing, interestingly, remained almost unchanged from 62+34%
in 2015 to 63+£33% in 2019, whereas physician estimates of the number of patients seen per day
increased from 1349 in 2015 to 17+15.

Response frequencies for physician satisfaction survey categories are organized in Table 5,
including the total counts of each rating per category and the total frequency of ratings out of the

total number of responses provided. The numbers of responses, the mean ratings, and the median
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ratings are included for reference. Figure 5 presents Likert scale response frequencies in a
stacked bar graph, with each rating representing a proportional frequency out of 100% of the
total responses.

A two-sample Wilcoxon Rank-sum (Mann-Whitney) test indicated that median Likert-
scale ratings of satisfaction with laboratory services did not change significantly from baseline
2015 ratings in the service categories of result quality (z=0.80, p=0.4) and service (z=1.4, p=0.2).
Median ratings for all other service categories of ease of test ordering, good communication,
turnaround time, timely calling of critical results, result corroboration with clinical findings, and
the combined measure of overall satisfaction, however, have been found to have significantly
decreased significantly since 2015 (p<0.05). In terms of changes in frequencies of ratings, survey
categories of turnaround time and timely calling of critical results demonstrated the largest
percent difference of good ratings (fours and fives) between surveys, decreasing by a percent
difference of -23% and -26%. These two categories similarly presented the highest increase in

poor rating frequencies (ones and twos), with percent differences of 17% and 8%.

Table 5. Physician satisfaction response frequencies for all service categories in both years.
Categories are paired by year for direct comparison.
No.of Mean Median Rating 5 Rating4 Rating3 Rating2 Rating 1

Survey Response Category ratings (N) rating rating No.(%) No.(%) No.(%) No.(%) No.(%)
2015 Ease of test ordering 157 39 4 50(32%) 50(32%) 45(29%) 8(5%) 4 (3%)
2019 Ease of test ordering 329 36 4 30 (9%) 1635 (50%) 119 (36%) 11(3%) 4 (1%)
2015 Quality results 155 37 4 31(20%) 62(40%) 51(33%) 10(6%) 1(1%)
2019 Quality results 327 37 4 25 (8%) 183 (56%) 101 (31%) 17 (3%) 1(0%)
2015 Good turnaround time 155 37 4 36 (23%) 49(32%) 37(37%) 8(3%) 5(3%)
2019 Good turnaround time 326 31 3 20 (6%) 83 (25%) 140 (43%) 62 (19%) 21 (6%)
2015 Good communication 156 38 4 45 (29%) 53 (34%) 47(30%) 7(4%) 4 (3%)
2019 Good communication 327 36 4 43 (13%) 156 (48%) 100 (31%) 23 (7%) 5 (2%)
2015 Good Service 156 37 4 39 (25%) 47 (30%) 36(36%) 11(7%) 3 (2%)
2019 Good Service 328 36 4 38 (12%) 144 (44%) 116 (35%) 26 (8%) 4 (1%)
2015 Timely calling of criticals 162 39 4 54 (33%) 59(36%) 36(22%) 9(6%) 4 (2%)
2019 Timely calling of criticals 321 34 3 36 (11%) 106 (33%) 129 (40%) 40 (12%) 10 (3%)
2015 Labs match clinical findings 163 38 4 43 (26%) 58 (36%) 49(30%) 10(6%) 3 (2%)
2019 Labs match clinical findings 325 35 4 29 (9%) 141 (43%) 130 (40%) 22(7%) 3 (1%)
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Ratings for timely calling of critical results and whether labs match clinical findings are based
on the question of how well physicians agree with the statement in the question, where
1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree. All other questions ask
physicians to rate laboratory service categories on a scale of 1=very poor, 2=poor, 3=average,
4=good, and 5=very good.

Stacked frequency of ratings out of total responses (%)
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Figure 5. Stacked bag graph of individual rating frequencies per physician satisfaction service
category

To answer the question of whether variations in current physician satisfaction ratings for
individual laboratories are related to current laboratory performance in CamLQMS audits, a
spearman rank test for correlation found no significant relationship (rs=-0.22, p=0.52) when

using the composite mean indicator for overall physician satisfaction as the dependent variable.

Corrected report frequency analysis
A summary of the mean corrected report frequencies for individual laboratories and the overall
group is presented in Table 6. Of the individual laboratories analyzed for monotonic trends over

time, only two laboratories, Prey Veng (rs=-1, p=<0.001) and Kratie (rs=-0.83, p=0.04)
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provinces, showed clear monotonic reduction in corrected report frequencies at significant levels

over the six-month period. The overall mean corrected report frequency, however, along with all

other individual laboratory frequencies, did not show monotonic trends with any statistical

significance. Graphical representations of the mean corrected report frequencies over time are

presented in Figures 6 and 7 for Kratie and the overall mean as examples.

Table 6. Mean corrected report frequencies for intervention laboratories between August 2018-
January 2019. Spearman statistics are listed to present whether any observed trend can be
considered significant.

Month Spearman r,
Laboratory Aug-2018 Sep-2018 Oct-2018 Nov-2018 Dec-2018 Jan-2019 r, P
Prey Veng 4.3 0.37 0.058 0.30 0.21 0.034 -0.83 0.04
Svay Rieng 13 55 51 92 26 130 0.6 0.2
Preah Sihanouk 2.0 0.79 2.3 1.7 0.66 0.21 -0.71 0.1
Kampot 18 1.1 11 1.4 2.0 1.0 -0.26 0.6
Preah Kossamak 320 430 370 330 330 320 -0.086 0.9
Takeo 16 9.7 7.6 1.7 1.9 a7 -0.086 0.9
Kandal 0.84 1.4 4.8 0.93 0.46 0.82 -0.54 03
Kratie 3.4 0.83 0.52 0.25 0.18 0.051 -1.00 <0.001
Kampong Cham 35 24 33 15 37 25 -0.03 1.0
Preah Andoung 290 270 260 230 340 330 0.37 0.5
Wational Pediatric 7.3 6.2 9.7 3.6 2.8 6.1 -0.66 0.2
Meant5D 631120 F7E155 67125 621112 67+133 78x130 0.43 0.4
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Figure 6. Kratie Provincial Regional Hospital mean corrected error report frequencies per 1000
patients over a six-month period. Spearman’s rank coefficient ry=1, p=<0.001. The line
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represents a locally weighted scatterplot smoothing curve to represent the monotonic trend in
the data over time (bandwidth=0.8).

80
.
wn
k= ® //
L ’
- Ve
8 754 e
o Ve
jo Ve
o /
— e
5 7
2 70- P ataty e
o P P 7
Q v, ~< -
% // \\\ /// '
= 7 @ SN~ //
ol // \\\ PR
2 s y -~ -
g 65 v -
= |
S |* .
60_ T T T T T T
Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19
Month

Figure 7. Mean corrected report frequencies per 1000 patients over a six-month period for the
overall group of intervention laboratories. Spearman’s rank coefficient rs=-0.43, p=<0.40. The
line represents a locally weighted scatterplot smoothing curve, demonstrating that no monotonic
trend exists for this data (bandwidth= 0.8).

Turnaround time analysis

Of the three laboratories recommended for analysis of TATs based on acceptable recording
practices, only Preah Kossamak demonstrated the monomodal, non-gausian, positively skewed
distribution expected for typical turnaround time distributions. All other laboratories
demonstrated a distribution with a sharp peak below the expected minimum processing time for
testing. These were excluded from analysis based on the low quality of data.

For Preah Kossamak laboratory, median TATs and percentage of testing completed in the
laboratory’s routine and rapid ranges of under four and two hours are plotted and presented in
Figure 8 and Figure 9. A visual assessment of both plots suggested the trend over time to be
neither linear nor monotonic, having multiple peaks and valleys over the total time period. A

Spearman’s rank test for a monotonic correlation of median TATs and percentages of testing
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within four- and two-hour limits over the implementation period showed no significant positive

or negative trends over time for either Creatinine or CBC testing (p>0.1).

Median turnaround time
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Figure 8. Median turnaround times for creatinine and complete blood count testing for Preah
Kossamak Regional Hospital Laboratory between January 2018 to February 2019.
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Figure 9. Percentage of tests completed within target turnaround time ranges of two and four
hours for creatinine and complete blood count tests in Preah Kossamak Referral Hospital
between January 2018 to February 2019.

Proficiency testing analysis

Calculated percentages of the 12 intervention laboratories participating and passing
external quality assessments in each category of testing are plotted chronologically by
implementation period in Figure 10. The various program schemes for EQA according to the
specific laboratory sections were implemented by three different EQA providers, including the
Pacific Paramedical Training Center, who have provided assessments for microbiology and
serology as well as past hematology and biochemistry assessments until these categories were
taken over by One World Accuracy in 2016 and Sysmex in 2017. A simple linear regression was
fitted to all points in the data set in order to describe the trend in group compliance over time,
finding the equation y=0.0269x+0.3127. Group compliance overall was found to increase at a
rate of approximately 2.7% per round of implementation (8.1% per year). Some rounds of EQA
were not completed or provided between 2016-2018, adding an additional limitation to the
analysis.
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Figure 10. Percentage of intervention laboratories participating and meeting passing criteria
for EQA compliance per round of assessment for each EQA category and provider.
“PPTC is an abbreviation for the organization known as the Pacific Paramedical Training

Center.
PI1WA is an abbreviation for the organization known as One World Accuracy.

A plot of mean EQA performance scores in all categories over sequential rounds of

implementation is presented in Figure 11 for [-TECH mentored LQMS laboratories compared to

an independent group of all other Cambodia hospital laboratories. The plot shows no apparent

divergence of the two groups in mean EQA performance over time. A comparison of individual

EQA categories between groups had similar results (data not shown).
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Figure 11. Mean external proficiency scores of I-TECH mentored LOMS laboratories compared
to all other Cambodia MOH hospital laboratories sequential rounds of assessment
implementation, averaged from all assessments in all categories.

Discussion

Key findings

Key findings of this evaluation indicate that quality management systems of laboratories
participating in the -TECH LHSS Program in Cambodia have improved significantly between
baseline and post implementation CamLQMS assessments, demonstrating that laboratories are
conforming to a greater proportion of LQMS standards for competent quality management
systems since the start of the current implementation period. Participating laboratory CamLQMS
performance is also found to be significantly higher in all categories of laboratory quality than
the performance in a sample of Cambodia medical laboratories with no history of any LQMS
improvement program being implemented. Although the two groups of laboratories function at

different tiers of services, the evaluation suggests that Cambodia’s system of provincial hospital
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laboratories may benefit from a national expansion of LQMS training and mentorship programs
of a similar design, utilizing the curriculum and training methodologies. Without 2018 baseline
data for non-intervention laboratories, these results serve as a cross-sectional comparison of
CamLQMS performance in the two groups. A controlled before-and-after study with the current
2019 data serving as baseline would provide additional information regarding the differences in
improvement rates between intervention and control laboratories.

When compared to the number of outputs generated through program activities, the
positive correlation between improved CamLQMS assessment scores and trainer contact time
with laboratories via video conference activities suggests that remote mentoring of laboratories
with trained local LQMS technical experts can be a strong driver of laboratory strengthening.
Often referred to as telementoring, studies have shown the use of video communication
technologies to be an efficient and effective tool to provide seasoned or specialized surgical
expertise to learning surgeons of remote or resource-limited medical facilities. As a tool for
laboratory mentorship, a recent medical laboratory strengthening program in Southeast Europe
utilized monthly mentorship through telecommunication to improve laboratory quality in five
different countries and demonstrated measurable progress within the six laboratories supported*.
Qualitative evaluation of the program indicated improved accountability, collaborative problem
solving, and increased awareness of the importance of laboratory quality to be important drivers
of the program’s success>*.

Notably, although attendance to formal training and the number of on-site visits did not
vary enough for correlation studies, they too were expected to have had an impact on LQMS
improvement. In particular, the program’s content in the formal training curriculum reflects

improvements in individual audit sections well. The program generally excluded the topic of
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information management due to topical overlap with CamLIS implementation by WHO
Cambodia. Facilities and safety was further excluded as a training topic due to overlap with
another national program. These two areas corresponded closely to the smallest mean percent
differences of 0% and 17% between audit years. Purchasing and inventory likewise received
little attention in the curriculum content, resulting in a minor 16% improvement between years.
In contrast, topics such as documents and records, management review, and occurrence
management and process control received a heavy amount of focus in formal trainings. Although
documents and records showed only a marginally higher improvement, occurrence management
and process control improved by a mean percent difference of 52%, and management review
improved by 39%.

During site visits, mentors worked closely with laboratories on specific technical needs of
laboratories such as improved use of quality indicators (occurrence management), quality control
testing (process control), equipment verification, and corrective action. In later stages of the
implementation period, mentors coached lab personnel on internal auditing in preparation for the
second round of CamLQMS audits. Mentors also worked with laboratories to develop a quality
manual, which satisfied one of the key requirements for documents and records conformance.

Video conference activities through Zoom were informal and often more specific to the
questions and answers of laboratory participants. Primarily providing mentorship and specific
training to QAOs and laboratory managers, these video conferences occurred weekly (at least
once minimum per week), consisting of technical expertise from quality mentors, and enhanced
by the networking and shared experience of participating laboratory quality assurance personnel.

Many smaller meetings with one or two laboratories at a time were scheduled in between,
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providing one on one consultation from mentors that spanned multiple topics of quality
management.

Although LQMS performance and conformity to standards have improved significantly,
physician satisfaction surveys demonstrated decreased ratings in several categories of
satisfaction with laboratory services between 2015 and 2019, particularly in the categories of test
TATs and timely calling of critical results. These findings can seem contradictory, giving the
impression that the quality of laboratory services is decreasing; however, these surveys are best
interpreted as objective perceptions of quality rather than precise measures of quality itself.
Previous studies have found categories of communication and reporting such as these to be
uniformly low rated areas of satisfaction among physicians, despite process improvement
efforts?!>. Physician satisfaction ratings are particularly difficult to associate with monitoring
practices of common quality indicators for process improvement such as TAT monitoring,
critical result notifications, and corrected reports,?®. Satisfaction ratings have, however, shown a
negative association with the size of the hospital, with larger hospitals receiving lower overall
satisfaction scores, although the mechanism of this association is not defined?¢. It may be that
increased workload or even physician expectations of laboratory services as hospitals expand and
improve have outpaced improvements in quality between surveys. These findings emphasize the
need for improved occurrence management and process improvement systems to accurately
measure and improve quality in these laboratories to adapt with changing health systems.

To that aim, the study identifies an important deficiency in record keeping practices by
laboratories, leading to an inability to record accurate turnaround times and monitor
improvement. TAT analysis is a valuable tool for monitoring the timeliness of laboratory

services and guiding corrective action for laboratories to improve quality?!. It is furthermore
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shown to be steadily important for physician satisfaction with laboratory services with the
standard expectation for 90% of results or more to be completed within 60 minutes in many
institutions?>~®. The laboratory evaluated for TAT changes in this study found that less than 60%
of CBC results were completed within four hours in any month measured, with no trend of
improvement over the course of the evaluation period. To resolve this problem, the electronic
CamlLIS database provides a convenient and effective method for collection and storage of a
ready source of data, and it should be utilized as a monitoring tool by laboratories to improve
quality. Improving documentation of receipt times for laboratory samples is a practical step
toward accurate TAT analysis and improved timeliness of results in Cambodian laboratories.
Regarding corrected report frequencies study also served to identify extreme error
correction frequencies in Preah Ang Duong and Preah Kossamak Hospitals, measuring
frequencies of over 45% errors in some sample periods. Further investigation into the root causes
of these errors and delays in their identification may help to improve patient safety and
laboratory quality, as well as to identify systemic drivers of high corrected report frequencies.
Finally, analysis of proficiency testing results suggests that the proportion of mentored
LQMS laboratories participating and meeting compliance standards in Cambodia’s national EQA
program is increasing over time. Both participation and mean EQA scores in participating
laboratories show a positive trend over time; however, because it could not be demonstrated that
I-TECH mentored laboratories are improving at a greater rate than other laboratories, these
improvements could not be attributed directly to the improved quality management systems of
these laboratories. Further studies may identify common factors between intervention and non-

intervention laboratories that may be impacting EQA performance.
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Study limitations

Overall audit scores, although they serve a descriptive purpose to approximate the
percentage of a list of standards conformed to by clinical laboratories, should be interpreted with
caution as a standalone measure. Some individual sections are given a greater value than others
and are not represented equally in the overall score. A laboratory may receive a high overall
score but still perform poorly in a lower valued section such as client management and customer
service. Some questions are also excluded from analysis if it is not applicable to the laboratory’s
normal functions, lowering the total score possible for that individual section and overall. This
may slightly increase the scores of smaller laboratories that may have not met the excluded
standard otherwise. These results are most accurate as a gap assessment for individual
laboratories to drive improvement in each specific section of LQMS. Nonetheless, comparisons
of overall scores serve as a useful estimate of the outcome of the evaluated program activities.

Regarding the correlation of Zoom activity participation time with percent differences in
audit scores, it is possible that the internal motivation of laboratories to improve may be a
confounding factor in this study, potentially driving a high rate of improvement and participation
time in teleconference training independently. Analysis of video conference usage reports are
further subject to misclassification bias due to an incompleteness of information regarding the
association of users with individual laboratories. Approximately 2% of participation time in
video conference activities could not be associated with or disassociated from individual
laboratories and could potentially be biased toward one or a few laboratories prone to using
unidentified devices. Further bias lies in the potential for multiple laboratory personnel to
participate through a single device, thus being recorded as a single user associated with that

corresponding laboratory. Many of such cases such as these were identified and accounted for
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through supplemental mentor reports; however, these supplemental reports were not available for
all teleconference events and were unlikely to account for all such cases.

This evaluation is further limited to a small sample size of laboratories, along with a
small sample of time points for time trend analysis, especially in the case of the six-month
sample of corrected report frequencies, which placed a severe limitation on the study in its ability
to detect change. In the case of corrected report frequencies, the trend appears to have decreased
monotonically over time in two of the laboratories studied; however, further observations over
time may add additional insight into whether these changes can be sustained by the laboratories
or whether the trends are seasonal, coming and going with laboratory work load trends. For all
four of the measured indicators of quality included in this study, continued improvement of
LQMS performance and conformity to standards may lead to demonstrated improvements given

additional time, particularly in the area of occurrence management and process improvement.

Conclusion

The I-TECH Laboratory Health System Strengthening Program has used a combination
of training, mentoring, and advocacy to achieve rapid and significant outcomes in quality
management system development. Participating laboratories performed significantly better in
assessments of LQMS performance and conformity than non-intervention laboratories,
suggesting that an expansion of the methods in Cambodia may benefit currently non-mentored,
non-LQMS laboratories significantly. The study uses a correlation of remote mentoring through
video conference calling with improved external audit scores to highlight remote mentoring as
one potentially effective tool for laboratory LQMS development. This finding, if confirmed or
supported further, has implications for LQMS strengthening in remote, hard-to-reach hospitals,

and presents a cost-effective alternative to frequent travel for on-site mentorship.
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The study successfully utilized data from the Cambodian electronic laboratory information
system, among other means, to measure changes in laboratory performance indicators and
identify quality gaps that may guide future strengthening of laboratory systems. While
significant progress has been demonstrated, accreditation has still not yet been achieved, and
laboratories in Cambodia should continue to implement stepwise improvement programs toward
accreditation with increased emphasis on improving the quality of performance indicator data for

effective quality improvement.
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Appendix A: CamLQMS Audit Scoring Sheet

AUDIT SCORING

Cambodia Laboratory Quality Management System (CamLQMS) Checklist contains 12 main sections (a total of 117 questions for
a fotal of 275 points. Each item has been awarded a point value of 2, 3, or 5 points—based upon relative importance and/for
complexity. Responses to all questions must be, “yes”, “partial’, or "no”.

o [tems marked “yes” receive the corresponding point value (2, 3, or 5 points). All elements of a question must be
present in order to indicate “yes” for a given item and thus award the corresponding points.

NOTE: items that include “tick lists” must receive all “yes” and/or “n/a” responses fo be marked “yes” for the overarching
item.

o Items marked “partial’ receive 1 point.

* |tems marked “no” receive 0 points.
When marking “partial” or “no”, notes should be written in the comments field to explain why the laboratory did not fulfil this item to
assist the laboratory with addressing these areas of identified need following the audit.

Where the checklist question does not apply, indicate as MA. Subtract the sum of the scores of all guestions marked NA and
subfract that sum of NAs from the total of 275. Since denominator has changed, the level status is then determined using %
score.

Audit Score Sheet

Section Total Points
Section 1: Documents & Records 28
Section 2: Management Reviews 14
Section 3: Organization & Personnel 22
Section 4: Client Management & Customer Service 10
Section 5: Equipment 35
Section 6: Evaluation and Audits 15
Section 7: Purchasing & Inventory 24
Section 8: Process Control 32
Section 9: Information Management 21
Section 10: Identification of Non Conformities, Corrective and Preventive Actions 19
Section 11: Occurrence/Incident Management & Process Improvement 12
Section 12: Faciliies and Biosafety 43
TOTAL SCORE 275

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

(0~ 150 pts) (151177 pts) (178 -205 pts) | (206-232pts) | (233260 pts) (261 - 275 pts)

< 55% 55— 64% 65— 74% 75-84% 85— 94% 295%
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Appendix B: 2019 Physician Satisfaction Survey (English Translation)
Physician Satisfaction with Laboratory Services Survey
The purpose of this survey is to collect information about the perceived reliability of laboratory services

and how confident providers are in the quality of laboratory results.

A. General information
1. Job Position:

2. On average, how many patients do you see each day?

3. Approximately which % of your patients require laboratory testing?

B. Satisfaction with laboratory services.
4. On ascale of 1 through 5 (1=very poor, 2=poor, 3=average, 4=good, and 5=very

good) please rate how you would rank your hospital laboratory in terms of the following

(please circle one option for each line):

a. Ease of testordering ...........coooiiiiiiiiiiiii i, 1 2 3 4 5
b. Quality reSults .......c.oieiiiii i 1 2 3 45
c. Good turnaround tiMe ............ooeiiiiiiiiiiiiiii 1 2 3 45
d. Good cOoMMUNICAtION ....ueuneitiiiii e, 1 2 3 45

1 2 3 45

€. GOOA SEIVICE ...uvtiitiit it
5. On ascale of 1 through 5 (1=strongly disagree, 2=disagree, 3=neither agree nor

disagree, 4=agree, S=strongly agree) please rate how strongly you agree with the
following statements about services from your hospital laboratory (please circle one

option for each line):

a. My laboratory informs me of critical values in a timely manner

1 2 3 45
b. Laboratory test results are compatible with patient clinical observations
1 2 3 45

6. On ascale of 1 through 5 (1=Not at all important, 2=somewhat unimportant,
3=neither important nor unimportant, 4=somewhat important, 5=Very
important) please rate how important the following factors are in preventing you

from ordering a laboratory test from your hospital laboratory (please circle one option

for each line):
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7. Comments

Test is not offered by my laboratory......................oooeeeial.

Diagnosis is based on symptoms only ...................ooeiaii. 1

Laboratory results are t0o SIOW ...........cooiiiiiiiiiiiiin...

Laboratory results are not reliable.......................coon. 1

I 'am not confident on test to order ...............coiiiiiiiian
Patient can't pay for the test ...
There are no national guidelines ....................oooiiiinnin,
I am not confident on sample collection...........................

I am not confident in interpreting the results......................
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