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Abstract in Deutsch

EinfiUhrung Chirurgische Basis- und Notfallversorgung kann nachweislich
Invaliditats- und Letalitéatsraten in Subsahara-Afrika senken. In strukturschwachen
Landern ist jedoch die Mortalitat von stationar aufgenommenen Patienten alarmierend
hoch. Die vorliegende Studie untersuchte zwei Interventionen im Rahmen eines
kontinuierlichen  Qualitatsverbesserungsprogrammes  zur  Verbesserung  der
perioperativen Versorgungsqualitat in der chirurgischen Abteilung eines tansanischen
Krankenhauses der Regelversorgung. Die Resultate wurden verglichen mit a) der
Versorgungsqualitat in den chirurgischen Abteilungen zweier anderer Krankenhauser,
die im Studienzeitraum kein Qualitatsmanagement-Programm durchflhrten, und b) mit
langfristigen Ergebnisindikatoren.

Methoden Alle Krankenhauser benutzten ein Qualitatssicherungsinstrument zur
jahrlichen Uberprufung der Versorgungsqualitat (Hospital Performance Assessment
Tool). Veradnderungen der unmittelbaren Ergebnisindikatoren fur die pra- und
postoperative Versorgung nach den jeweiligen Interventionen wurden mit langfristigen
Ergebnisindikatoren verglichen (Komplikationsrate der Anasthesie, Gesamtletalitat in
der Gruppe der chirurgischen Patienten). Die Implementationsstrategie in der
praoperativen Versorgung beinhaltete die Einfuhrung einer Checkliste, die
Implementationsstrategie in der postoperativen Versorgung war die Erweiterung eines
vorbestehendes  Weiterbildungsprogramm um als Schwachstellen erkannte
Themengebiete.

Ergebnisse Die unmittelbaren Ergebnisindikatoren fir die préoperative
Versorgung im Interventionskrankenhaus verbesserten sich Uber den Studienzeitraum
(2009 52,5%; 2011 84,2%, p<0,001). Die postoperative Versorgung verbesserte sich im
ersten Jahr, um dann wieder abzufallen (2009 63,3%; 2010 70%; 2011 58,6%). In der
Kontrollgruppe verschlechterte sich die praoperative Versorgung (2009 50,8%; 2011
32,8%, p<0,001), wahrend die postoperative Versorgung keine signifikanten
Veranderungen zeigte. Die Komplikationsrate der Anasthesie im
Interventionskrankenhaus sank Uber den Studienzeitraum (1,89% vor Intervention;
0,96% nach Intervention, p=0,006). Die Letalitdt der chirurgischen Patienten im
Interventionskrankenhaus fiel von 5,67% vor Intervention auf 2,93% nach Intervention
(p<0,001). Die Letalitat der chirurgischen Patienten in der Kontrollgruppe war 4% vor
Intervention und 3,8% nach Intervention (p = 0,411). Die Komplikationsrate der

Anasthesie war in der Kontrollgruppe nicht verfigbar. Die langfristigen



Abstract in Deutsch

Ergebnisindikatoren verbesserten sich im Interventionskrankenhaus mehr als in der
Kontrollgruppe, dieser Effekt war jedoch nicht signifikant.

Diskussion Die Einfihrung einer Checkliste in der praoperativen Versorgung
erschien in dieser Studie nachhaltiger, verglichen mit der Intervention in der
postoperativen Versorgung. Der Grund hierfur ist moglicherweise eine Kombination
mehrerer Aspekte, die die langfristige Qualitatsverbesserung begunstigen, hierunter
eine unmittelbare Verfugbarkeit der Checkliste und ein direkt moglicher Abgleich mit
dem geforderten Standard, sowie die Mdglichkeit von Supervision und Unterricht am
Krankenbett.

Die Dokumentation der langfristigen Ergebnisindikatoren stellte sich insgesamt
luckenhaft dar. Unmittelbare Ergebnisindikatoren erschienen besser geeignet zur
Steuerung eines kontinuierlichen Qualitatsverbesserungsprogramms.

Schlussfolgerung Zielgerichtete Interventionen kdnnen in der perioperativen
Versorgung zu nachhaltiger Qualitatsverbesserung filhren, wenn sie im Rahmen eines
kontinuierlichen Qualitatsverbesserungsprogrammes einem multimodalen Ansatz

folgen.



Abstract in Englisch

Introduction Some essential surgical services have been shown to reduce death
and disability in Sub-Saharan Africa. However, in-patient mortality in Sub-Saharan
hospitals is disturbingly high. The present study evaluates two interventions and their
implementation approaches targeting the quality of perioperative services in a
Tanzanian public hospital. Results were assessed in comparison to a) a control group of
two other public hospitals in the same region without quality improvement program, and
b) final patient outcome indicators.

Methods All hospitals annually assessed quality of services with the Hospital
Performance Assessment Tool (HPAT). In pre- and postoperative care respectively,
immediate outcome indicators (HPAT results) were compared to final outcome
indicators (Anaesthetic Complication Rate, Surgical Case Fatality Rate), and to the
control group before and after intervention.

Results Immediate outcome indicators for Preoperative Care in the intervention
hospital improved from 52.5% in 2009 to 84.2% in 2011 (p<0.001). Postoperative
Inpatient Care was 63.3% in 2009, 70% in 2010 and 58.6% in 2011. In the control
group, preoperative started at 50.8% (2009) and declined to 32.8% (2011, p <0.001).
Postoperative inpatient Care did not significantly change. Anaesthetic Complication
Rate in the intervention hospital declined (1.89% before intervention; 0.96% after
intervention, p = 0.006). Surgical Case Fatality Rate in the intervention hospital was
5.67% before intervention and 2.93% after intervention (p<0.001), compared 4% before
intervention and 3.8% after intervention (p = 0.411) in the control group. There was no
Anaesthetic Complication Rate available in the control group. Compared to the control
group, final outcome improved more in the intervention hospital, although the effect was
not significant over the whole study period.

Discussion Changes in immediate outcome for Preoperative Care seemed more
sustainable, possibly due to the fact that the introduction of a checklist combined
several aspects of a potentially successful quality improvement intervention, amongst
others availability at the point of care and a documented target standard.
Documentation of final outcome indicators seemed inconsistent. Immediate outcome
indicators appear more useful to direct the Continuous Quality Improvement approach
in the intervention hospital.

Conclusion Specific targeted interventions in a Continuous Quality Improvement
program have the potential to lead to sustainable improvement of the quality of

perioperative services, if implemented in a multi-faceted approach.
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Ausfiihrliche Anteilserkldrung

.Perioperative Care and the Importance of Continuous Quality Improvement— A

Controlled Intervention Study in Three Tanzanian Hospitals”

Goetz Bosse**, Wiltrud Abels**, Ferdinand Mtatifikolo®, Baltazar Ngoli, Bruno Neuner,

Klaus —D. Wernecke, Claudia Spies

** Goetz Bosse and Wiltrud Abels contributed equally to this study

Beitrag der Doktorandin im Einzelnen (entsprechend den Angaben in der
Veroffentlichung im Absatz ,,Author contributions® mit Ausfihrungen zu den einzelnen
Stichpunkten)

Studiendesign als kontrollierte Interventionsstudie

Die Doktorandin hatte maf3geblichen Anteil am Designentwurf der Studie als kontollierte
Interventionsstudie mit Vorher-Nachher- und Interhospitalvergleich in Bezug auf zwei
spezifische Interventionen. Im Rahmen dieses Projektes ist die vorliegende Studie die
erste, die sich mit den genauen Auswirkungen individueller Interventionen beschéftigt.
Diese Idee hierzu hat die Doktorandin seit Beginn ihrer Mitarbeit im Projekt in 2008
verfolgt. Die Ausarbeitung und Weiterentwicklung erfolgte in gemeinsamen
Diskussionen mit dem Co-Autor Dr. G6tz Bosse, die formalen und inhaltlichen Kriterien
wurden gemeinsam mit Frau Professor Spies und Dr. Bosse festgelegt.
Datenerhebung

Die Doktorandin hat einen Teil der Datenerhebung wahrend eines
Forschungsaufenthaltes in Tansania im November 2011 gemeinsam mit der in der
Danksagung erwahnten tansanischen Kollegin Dr. Rehema Maggid selbst durchgefthrt.
Teile der Outcome-Daten in der Kontrollgruppe hat die Doktorandin gemeinsam mit Dr.
Bosse aus der Papierdokumentationen der einzelnen Krankenhauser erarbeitet.
Statistische Analyse der Daten und Modifizierung der statistischen Methode

Die Doktorandin hat den notwendigen Datensatz zusammengestellt, und den grof3ten
Teil der notwendigen Berechnungen selbstandig durchgefihrt, sowie alle Tabellen und
Graphiken erstellt, all dies in enger Kooperation mit Professor Wernecke. Im Rahmen
des Projektes ist diese Studie die erste, die auf Ebene einzelner Items vergleicht und
Angaben zur erhobenen Fallzahl macht, diese Optimierung ist durch die Doktorandin in

enger Rucksprache mit Professor Wernecke erfolgt. Die Erstellung einer neuen
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Schlusselprozedur (,Postoperative Inpatient Care“), um die Uberprifung der
spezifischen Intervention in der postoperativen Versorgung maglich zu machen, ist eine
Idee der Doktorandin und in Absprache mit Professor Wernecke, Professor Spies und
Dr. Bosse von ihr durchgefiihrt worden.

Interpretation der Daten

Die Interpretation der Daten erfolgte gemeinschaftlich und gleichberechtigt mit Dr.
Bosse in vielen Diskussionen. Hierbei kam die Erfahrung zum Tragen, die die
Doktorandin durch mehrjahrige intensive Literaturrecherche und insgesamt 3
mehrwochige Forschungsaufenthalte am Studienort gesammelt hat. Duch die Dr.
Bosses jahrelange Erfahrung im Projekt und die rahmengebende Supervision von
Professor Spies erfolgt eine  Strukturierung und Weiterentwicklung der
Argumentationslinien.

Erstellung des Manuskripts; kritische Durchsicht und Revision des Manuskripts
Der Entwurf und die Modifikation aller Teile des Manuskripts in Englisch erfolgte durch
die Doktorandin. In gemeinsamen und gleichberechtigten Besprechungen mit Dr. Bosse
erfolgten dann Umformulierungen und Strukturierungen Absatz fur Absatz, wo
notwendig. Die Umsetzung der inhaltlichen und formalen Anderungen erfolgten wieder
durch die Doktorandin, wiederholte Revisionen des Manuskripts erfolgten gemeinsam
mit Dr. Bosse und Professor Spies. Dieses Procedere war das gleiche fiir die Revision
des Manuskripts im Rahmen des Review-Prozesses. Alle Tabellen und Graphiken sind
durch die Doktorandin erstellt worden.

Erstellen und Einreichen des Erratums

Das im Mai 2016 veroffentlichte Erratum ist durch die Doktorandin erstellt und durch Dr.

Bosse und Frau Professor Spies kritisch durchgesehen worden.

Prof. Dr. med. Claudia Spies

Wiltrud Abels
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Abstract

Introduction

Surgical services are increasingly seen to reduce death and disability in Sub-Saharan
Africa, where hospital-based mortality remains alarmingly high. This study explores two
implementation approaches to improve the quality of perioperative care in a Tanzanian hos-
pital. Effects were compared to a control group of two other hospitals in the region without
intervention.

Methods

All hospitals conducted quality assessments with a Hospital Performance Assessment
Tool. Changes in immediate outcome indicators after one and two years were compared to
final outcome indicators such as Anaesthetic Complication Rate and Surgical Case Fatality
Rate.

Results

Immediate outcome indicators for Preoperative Care in the intervention hospital improved
(52.5% in 2009; 84.2% in 2011, p<0.001). Postoperative Inpatient Care initially improved to
then decline again (63.3% in 2009; 70% in 2010; 58.6% in 2011). In the control group, pre-
operative care declined from 50.8% (2009) to 32.8% (2011, p <0.001), while postoperative
care did not significantly change. Anaesthetic Complication Rate in the intervention hospital
declined (1.89% before intervention; 0.96% after intervention, p = 0.006). Surgical Case
Fatality Rate in the intervention hospital declined from 5.67% before intervention to 2.93%
after intervention (p<0.0010). Surgical Case Fatality Rate in the control group was 4%

PLOS ONE | DOI:10.1371/journal.pone.0136156 September 1,2015
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before intervention and 3.8% after intervention (p = 0.411). Anaesthetic Complication Rate
in the control group was not available.

Discussion

Immediate outcome indicators initially improved, while at the same time final outcome
declined (Surgical Case Fatality, Anaesthetic Complication Rate). Compared to the control
group, final outcome improved more in the intervention hospital, although the effect was not
significant over the whole study period. Documentation of final outcome indicators seemed
inconsistent. Immediate outcome indicators seem more helpful to steer the Continuous
Quality Improvement program.

Conclusion

Specific interventions as part of Continuous Quality Improvement might lead to sustainable
improvement of the quality of care, if embedded in a multi-faceted approach.

Introduction

Surgery is an integral part of global health care with an estimated 234 million major surgical
procedures performed annually. In 2004, countries spending less than 100 US$ per head for
health care accounted for a third of the global population. However, only 3.4% of all major sur-
gery was carried out in these countries [1]. A similar disproportion had already been found 14
years earlier [2]. Today, essential surgical and anaesthetic services are increasingly acknowl-
edged as possible key factors in reducing death and disability for developing countries, whilst
remaining cost-effective [3-7].

In developing countries, mortality rates for patients undergoing major surgery have been
suggested to range between 2.6% and 10%, depending upon hospital setting, type of anaesthesia
and surgical procedure [1,8,9]. According to a review in 2012, perioperative mortality within
48 hours of surgery in developing countries was much lower than this figure [10]. However,
the authors have been criticized for including too few studies from actual developing countries,
thus underestimating mortality rates drastically [11]. Even in Europe, Pearse et al. found that
average in-hospital mortality after non-cardiac surgery was as high as 4% with a broad confi-
dence interval [12].

Searching for the reasons for high mortality rates, several authors have estimated that avoid-
able mistakes accounted for up to half of adverse events in surgical care in developing countries
[13-15]. The World Health Organization stated that rates of avoidable deaths associated with
surgery and anaesthesia in Sub-Saharan Africa depended upon the setting and could be 100-
1000 times higher than in industrialized countries [16].

Avoidable mistakes can occur not only within, but also before and after the actual operation.
In their 2012 review on perioperative mortality in developing countries, Bainbridge et al.
defined the perioperative period as 48 hours after surgery [10]. Commonly, the perioperative
period consist of pre-, intra-, and postoperative patient care. Preoperative care includes the
preparation for surgery, including history taking and necessary diagnostics, documentation of
risk factors, measures for limiting anxiety and adequate fasting orders. Intraoperative care
includes the induction and maintenance of anaesthesia, monitoring of the patient and not at
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least the surgical procedure itself. Postoperative care begins with the admission to the recovery
room, where vital signs are monitored closely, and does not end before discharge.

A study from the Netherlands found that the majority of critical incidents occurred pre-
and postoperatively, not intraoperatively. Thus, it was emphasized that patient safety in the
operating room alone, e.g. with the WHO Surgical Safety checklist, might be insufficient, when
quality of care in the pre- and postoperative phases are neglected [17]. Traditionally, surgery
has focused on the operation itself. However, only if we consider all three phases of periopera-
tive care as equally important, we might be able to improve patient outcome. This accounts for
both developed as well as developing countries.

The health care system in Tanzania is structured in levels, with health care facilities provid-
ing different levels of specification and emergency services. According to the Ministry of Health
and Social Welfare in Tanzania, the lowest level is the village health service, followed by dispen-
sary services, health centre services, district hospitals, regional hospitals and referral/consultant
hospitals [18]. All hospitals in this study are district and regional hospitals, with emergency
and surgical services. A study from 2011 reports severe structural shortcomings and lack of
personnel in facilities providing emergency services and surgical services in Tanzania [19].

In 2005, the authors implemented the Hospital Performance Assessment Tool (HPAT) in
all governmental hospitals in Tanga Region, Tanzania, to review the quality of health care ser-
vices and identify areas in need of improvement [20]. As introduced in earlier studies, the
results of the HPAT assessments can be considered as immediate outcome indicators as they
assess the adherence to a target standard and give a result for an individual process immedi-
ately after it has ended [21]. Immediate outcome indicators augment final outcome indicators
like e.g. mortality or case fatality, such as the Surgical Case Fatality Rate (SCFR). Next to struc-
ture and process, both kinds of outcome indicators are part of the HPAT assessments.

In 2009, a continuous quality improvement (CQI) approach was implemented in the inter-
vention hospital by the Tanzanian partners. CQI is based on the idea of the Deming cycle [22]
and has similarities with the Plan-Do-Study-Act (PDSA) cycle as outlined by the National
Health Service (NHS) [23]. CQI aims to gradually improve care quality through a circle of:
quality assurance, analysis of results, designing target-specific interventions, implementing
change and re-evaluating effects through re-assessment (quality assurance) again. The
approach has been suggested to potentially be valuable in developing countries, where chal-
lenges were multifaceted and often difficult to identify [24]. In our CQI approach, a detailed
list of interventions (action plan) was implemented as a result of every assessment in
the regional hospital over the period 2009-2011. A quality team (QT) concerned with monitor-
ing the implementation of quality interventions was appointed from the hospital’s health
workers.

In 2009, within the feedback meeting in the intervention hospital, the newly founded quality
team identified several aspects of surgical care in their institution that were in need of
improvement:

- In preoperative care, a preoperative visit was virtually non-existent, leading to a lack of
information about any past medical history, bleeding disorders, medication or allergies. It
was supposed that this was likely to entail complications during anaesthesia and contrib-
uted to the high anaesthetic complication rate in the hospital.

- In postoperative care, it was found that wound dressings were not changed at appropriate
intervals, supposedly increasing infectious complications and eventually mortality; vital
signs and urine input and output was not measured sufficiently, potentially leading to the
non-detection of blood loss after major surgery or renal failure, which was considered to
be associated with a high Surgical Case Fatality Rate (SCFR).
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Concerning these challenges in pre- and postoperative care, the quality team decided on
two specific interventions. In the field of preoperative care, a compulsory standardized check-
list for the preoperative anaesthetic visit was introduced. For postoperative care, pre-existing
weekly educational sessions were amended by topics from the clinical process of postoperative
care, such as changing wound dressings, input/output documentation, and management of
nasogastric tubes.

Aim of the study

The aim of this study was to assess the effects of different quality improvement interventions
and their respective implementation strategies in pre- and postoperative care between 2009
and 2011 in the intervention hospital. They were compared to a control group of two hospitals
in the region with quality assessments but without interventions. Immediate and final outcome
indicators (Surgical Case fatality Rate and Anaesthetic Complication rate) were used to evalu-
ate quality changes.

Methods

This study builds upon two previous studies by the same authors [20,21]. While the first two
studies introduced the HPAT instrument and evaluated feasibility, this study goes beyond that
by specifically investigating targeted interventions that had been identified through the annual
hospital performance assessment and were specifically designed to improve quality of services
in the intervention hospital.

Ethical approval

In this prospective, controlled study data authorization and ethical committee approval was
obtained from the National Institute of Medical Research in Tanzania as an amendment to eth-
ical clearance reference number NIMR/HQ/P.12/Vol.VIII/27. For the routine collection of
quantitative assessment data in the framework of the annual quality assurance it was decided
by the ethic committee that it was not necessary to further obtain patients’ written consent.
The assessments were part of the internal quality assessment by the hospital management and
no patient had to undergo additional and/or invasive procedures.

Study setting

Tanga Region is in Northeastern Tanzania. In the 2012 census, the population of the region
was counted to be 2,045,205 people. There are six governmental hospitals in the region provid-
ing emergency and surgical services as district and regional hospitals. The intervention hospital
is the regional hospital, and as such the reference institution for the whole region. According to
the Ministry of Health in Tanzania, the difference between district hospital and regional hospi-
tal is supposed to be a higher density of specialist services [18]. Indeed, the intervention hospi-
tal provides e.g. ophthalmological services and advanced lab services. However, during the
study period, there was no specialist general surgeon present in the intervention hospital.
Between 2009 and 2011, the most common surgical diagnoses for inpatients in the intervention
hospital were hernia and varicocele, appendicitis, intestinal obstruction and septic wounds.
Almost 50% of the operations were emergency procedures. At baseline in 2009, all hospitals in
this study sometimes had more patients than beds on the surgical wards. Antibiotic suspension
solutions were shared among patients, if available. Drug sideboards were rarely locked, but
anyways almost always empty, and patients were required to buy their medication themselves
from the pharmacy on the hospital grounds. Disinfection was not always available, neither
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were gloves. Side rooms and toilets were often dirty, bedpans or-buckets had to be emptied
into shared toilets and examination tables were not cleaned after use. Blood pressure machines
were not always functioning well, if available at all. There was no intensive care unit in none of
the hospitals. In the files of surgical patients, allergies, medication and past medical history was
only irregularly documented in all of the hospitals. Postoperatively, monitoring of vital signs
like blood pressure and fever as well as urine input/output was almost never documented as
often as the orders required.

Intervention hospital and control group

There are six governmental hospitals in Tanga Region, five district hospitals and one district/
regional hospital. The district/regional hospital is the reference institution for all other hospi-
tals in the region. As the regional hospital, it is supposed to provide more specialized care and a
higher level of expertise. It is also bigger than the other hospitals. However, during the course
of this study there was no specialized general or orthopaedic surgeon working at the regional
hospital. Thus, it mainly served as the district hospital for the largest city in the region with
roughly the quarter of a million inhabitants. The main difference between the intervention hos-
pital and the district hospitals was the administrative function, which primarily did not affect
clinical procedures. The Hospital Performance Assessment Tool (HPAT) used in this study
can be used to assess clinical procedures in district and regional hospitals. In this study, the
regional hospital will be referred to as the intervention hospital, because it was the only hospital
with a full continuous quality improvement (CQI) approach. In the other five hospitals in
Tanga Region, there were only annual assessments of care quality and feedback meetings, but
no interventions to improve areas with low performance or other quality improvements efforts.
One of the district hospitals was not included into the control group because it was a former
missionary hospital thus being different in structural quality and process organization. In
another district hospital there had been an attempt to introduce an action plan in 2009 that
had not been followed up. At baseline, only two of the remaining three hospitals were similar
in terms of bed capacity and number of major surgical operations. Hence, the control group
eventually consisted of these two district hospitals. They were pooled together in the control
group of this study to allow comparison to the intervention hospital. The groups were compa-
rable in number of beds and number of operations, number of medical personnel and number
of surgical wards. However, a detailed list of individual hospital characteristics has been given
in the results section and limitations are discussed later in the manuscript (Table 1). A similar
comparison of a control group with the intervention hospital has been used in an earlier study
[21].

Hospital Performance Assessment Tool (HPAT) and continuous quality
improvement

All assessments in this study have been performed with a quality assessment tool, which has
been published by the authors in earlier articles, the Hospital Performance Assessment Tool
(HPAT) [20,21]. The HPAT is structured along Donabedian’s structure, process and outcome
(SPO) model of quality [25]. It includes 1162 items organized in 55 key procedures for process
quality and 11 procedures for structural quality. Key procedures are based on evidence-based
recommendations and national as well as international guidelines. They were carefully adapted
to the local setting before their first application in 2006 in Tanga region. This is in line with
Bainbridge et al. who have called for evidence-based best practice in developing countries in
order to reduce the total perioperative and anaesthesia-related mortality [10]. Thus, quality of
services is assessed against a target standard. In the surgical part of the HPAT there are a total
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Table 1. Individual hospital characteristics of the control group 2009 to 2011.

Hospital characteristics 2009 2010 2011
Intervention hospital

Bed Capacity 392 392 392
Number of health workers 370 382 382
Medical Doctors / Assistant Medical Officers 27 33 33
Number of major surgical operations 1495 1558 1558
Control group total

Bed Capacity 220 120 229
Number of health workers 159 197 286
Medical Doctors / Assistant Medical Officers 16 154 31
Number of major surgical operations 1211 1574 1775
Control group hospital 1

Bed Capacity 119 120 120
Number of health workers 36* 34* 120
Medical Doctors /Assistant Medical Officers 7  Jool 12
Number of major surgical operations 594 975 1112
Control group hospital 2

Bed Capacity 101 109 109
Number of health workers 123 163 166
Medical doctors / Assistant Medical Officers 9 14 19
Number of major surgical operations 617 599 663

Figures were taken from the annual hospital reports of the intervention hospital and the regional primary
health care (PHC) reports (please see supplementary files: S1 Table, S2 Table, S3 Table, S4 Table, S5
Table, S6 Table, S7 Table)

*the number of health workers seems inconsistently documented (supplementary file: S1 Table, S2 Table)
** the number of medical doctors in the second control group hospital is missing in 2010, thus this number
is likely to be underestimated (see supplementary file: S5 Table).

doi:10.1371/journal.pone.0136156.t001

of 12 key procedures with 176 items [21]. For every key procedure there is a checklist that is
used for on-site observation and/or patient file review. The result of every key procedure is an
immediate outcome indicator that specifically reflects the key procedure it derives from. The
immediate outcome indicator expresses to what extend the target standard expressed with the
checklist is adhered to. E.g., one immediate outcome indicator in this study is if wound dress-
ings are changed according to orders. If the indicator is fulfilled it will help to detect wound
infections and initiate timely treatment. Thus, the interaction of all immediate outcome indica-
tors, along with hospital-independent factors leads to the final outcome, e.g. the Surgical Case
Fatality Rate (CFR). Final outcome indicators in this study are Anaesthetic Complication Rate
(ACR) and Surgical Case Fatality Rate (SCFR). They were derived from the annual hospital
reports of the intervention hospital, from the annual regional hospital reports, and from the
documentation of the surgical departments in the control group hospitals. The distinction
between immediate and final outcome indicators has been established and described in detail
in an earlier publication [21].

All HPAT assessments were part of ongoing routine annual quality assessments that have
been conducted in all hospitals in Tanga region since 2006. Part of the HPAT approach are
feedback meetings after every assessment, where results were analysed, presented and discussed
with the health workers from the respective facility. Assessments and feedback meetings
have been conducted every year in all hospitals since 2006. In the 2009 feedback meeting in

PLOS ONE | DOI:10.1371/journal.pone.0136156 September 1,2015 6/20

17



Originalartikel

@PLOS | ONE

Continuous Quality Improvement for Perioperative Care in Tanzania

intervention hospital, the hospital management decided to use assessment results to not only iden-
tify areas with low performance but also improve them with specific quality improvement inter-
ventions. A quality team was appointed from all groups of health workers, as described in a
previous study [21]. The team was to identify areas with low performance, design specific inter-
ventions, implement them and evaluate changes in the next HPAT assessment feedback meeting
one year later. This approach is similar to the plan-do-study-act cycle [23], the Deming cycle
[22,26] and constitutes a continuous quality improvement (CQI) approach. All the other hospitals
in the study did not introduce such an approach, although they would have had the possibility.

Specific interventions for pre- and postoperative care

In the field of surgery, two aspects of surgical care were found in need of improvement, namely
pre- and postoperative care. As described in the introduction, a preoperative visit was virtually
non-existent, leading to a lack of information about the patient’s past medical history, bleeding
disorders, medication or allergies. It was supposed that this was likely to entail complications
during anaesthesia and contributed to the high anaesthetic complication rate in the hospital. In
postoperative care, it was found that wound dressings were not changed at appropriate inter-
vals, supposedly increasing infectious complications and eventually mortality; vital signs and
urine input and output was not measured sufficiently, potentially leading to the non-detection
of blood loss after major surgery or renal failure, which was considered to be associated with a
high Surgical Case Fatality Rate (SCFR). These aspects were reflected in two key procedure
checklists in the HPAT. One was the checklist “preoperative care, the other was a combination
of items from the existing checklists “postoperative care”, “ward round”, and “service quality”,
which was termed “postoperative inpatient care” for this study. The latter included amongst
others the changing of wound dressings at adequate intervals, the documentation of input and
output, the application of pain medication, and the proper use of nasogastric tubes.

The interventions designed to meet these challenges were:

- For preoperative care: The introduction of a compulsory standardized checklist for the
anaesthetic visit the day before surgery. The underlying implementation approach was
multi-faceted and integrated several characteristics of a successful implementation
[27,28]: provision of a) an evidence-based target standard for the measurement of clinical
performance, b) an educational tool for on-the-job training, and c¢) a matrix for supervi-
sion and feedback.

For postoperative care: The introduction of educational sessions on selected items in the
performance of postoperative care, such as: application of pain medication, management
of nasogastric tubes, wounds dressings, and documentation of intake and output in
patient files. The implementation approach here was to amend a pre-existing continuing
education program in the framework of the weekly department meetings.

The implementation of interventions was to be conducted immediately and changes were to
be evaluated in the next HPAT assessment. The head surgeon and head nurse were accountable
for the implementation within the department and provided supervision for the use of the
checklist in preoperative care, as well as gave the presentation on postoperative care.

Assessment method

Both key procedures “preoperative care” and “postoperative inpatient care” consist of a check-
list of items. Both procedures are given in Fig 1 and Fig 2.

Preoperative care had 8 items, postoperative inpatient care had 10 items. Checklist items
were assessed on a Likert scale with either 0, 1, or 2: Zero (0) expressed 0% of the standard was
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No. | Item n | ny | ng Comment How to do it / Explanation

Was the patient seen by an Take 10 files and check for anaesthetic
1 anaesthetist the day before notes; Apply the 1/3 rule: <1/3 give 0,

operation? >1/3 but <2/3 agive 1, >2/3 give 2

Did the History needs to be more than one
5 ansesthetisidocument thie sentence, needs to include present

anaesthetic history? history, past medical, social history

ete,; Apply the 1/3 rule

Have ooutribiting illnesses Take 10 files and check for anaesthetic

3 A ——— notes, if no contributing illnesses, it
i must be documented; Apply the 1/3 rule

4 Are allergies documented? Same as above; Apply the 1/3 rule
5 ?;:l:;ee:f::i:z;:?};:ﬁz If only one is documented give 1, if none

FBS)? give 0

Diidithie: patiut ot auy form Take 10 files and check for anaesthetic
6 of premedication? notes, check if it is given (nurse

i signature); Apply the 1/3 rule
i Take 10 files and check for anaesthetic

7 Was fasting ordered? sihess A;f; iy the 1/3 ri l£
3 Has the patient signed a Take 10 files and check for anaesthetic

consent form? notes; Apply the 1/3 rule

Total sum achieved %

Total sum possible

not applicable = "x"

Fig 1. HPAT assessment checklist for Preoperative Care. Whenever possible, ten observations or file reviews should be conducted for key procedures in
process quality. Single items were assessed with 0/2 = not available/performed = 0%, 1/2 = partly available/irregularly performed = 50% or 2/2 = available/

performed = 100%.

doi:10.1371/journal.pone.0136156.9001

adhered to and the item was not performed/not available. One (1) expressed 33.3%-66.6% of
the standard was adhered to and the item was irregularly performed/not always available. Two
(2) expressed 66.67%-100% of the standard was adhered to or fully performed/always avail-
able. E.g,, if wound dressing were to be changed every day over the course of 7 days, than a “0”
was given, when it was done less than twice; a “1” was given when it was done more often than
twice but less than 5 times; a 2 was given when it was done 5 times and more often. The appli-
cation of the rule for specific items was described in a “How to do it” section within the assess-
ment checklists. This column explains explicitly how every item was to be assessed, and a cut
off level was described for every individual item. Assessments were conducted in the same fash-
ion in all hospitals in this study. Two observers assessed all items individually and compared
their results later on in order to limit observer bias. In case of disagreement, assessments were
repeated. They were supervised by the Regional Health Management Team. Assessments were
conducted annually and took an average of three working days in all hospitals, respectively.

Immediate outcome indicators for the two key procedures under survey in this study are
given as average percentage of all items. Amongst others, Nachtigall et al. have described that
70% of adherence to standards can improve patient outcome [24]. In our approach, it was
agreed within the quality team that 80% was the benchmark for good quality, as described in a
previous publication [21].

Comparison of results

Differences in immediate outcome indicators from the baseline (2009) and within the interven-
tion period 2010 to 2011 were compared over time as well as between intervention hospital and
control group. Surgical Case Fatality Rates (SCFR) was calculated from the annual hospital
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No. Item n  np  ng Comment How to do it / Explanation
Apply the 1/3 rule: count orders;
count how many are fulfilled;

1 Are orders fulfilled? <1/3 give O, >’})/3 b{:tf;ZB
give 1, >2/3 give 2

Are wounds dressed once a day or

2 according to orders? d s

3 Does staff wash or disinfect their T ——_—
handy before and after contact? 815 8 &
Does staff adhere to hygienic

4 procedures when in contact with Watch all procedures, then
patients (when taking blood, putting up apply 1/3 rule
a drip or giving blood)?

S Doesstaffdocument care? Apply 1/3 rule
Are input and output checked every 4

6 hours within the first 24 hours (in case Summary made once a day

of major surgery)?

7 Was the absence of bleeding checked Check for ducumentation (10

for at least twice in the first 24 hours? files); Apply 1/3 rule
Take 10 files, check ifit is given
8 Isanalgesicmedicationgiven? (nurse signature); Apply 1/3
rule
9 Does the patient haven an (open) i.v. Check whether it is open, if not
line? give 1

10 Are notes and observations checked by Check in 10 files for Dr’s
a doctor once a day? signature; Apply 1/3 rule
Total sumachieved %

Fig 2. HPAT assessment checklist for Postoperative Inpatient Care. Whenever possible, ten observations or file reviews should be conducted for key
procedures in process quality. Single items were assessed with 0/2 = not available/performed = 0%, 1/2 = partly available/irregularly performed = 50% or 2/

2 = available/performed = 100%.

doi:10.1371/journal.pone.0136156.9002

reports of the intervention hospital. It was compared over time and between intervention hos-
pital and control group. Anaesthetic Complication Rate was calculated from the annual report
of the intervention hospital and compared over time.

Statistical analysis

Quantitative results were expressed and compared as fractions and proportions [%)]. Confidence
intervals for changes in immediate outcome indicators were given. In addition, the significance
of changes in immediate outcome indicators was tested with chi-square-tests. All tests were car-
ried out in exact versions because of small and unbalanced sample sizes. A two-tailed p<0.05 was
considered statistically significant. Analysis was done with IBM SPSS Statistics, Version 21, IBM
Corporation and other(s) 1989, 2012. In order to relate immediate outcomes with final outcomes,
data were stratified into years. Confidence intervals for the differences were given. Significance of
changes in stratified final outcome indicators were tested with the Breslow and Day test for
homogeneity of odds ratios in the strata as well as the Mantel-Haenszel test, as appropriate. Test-
ing was done with StatXact, Version 6, CYTEL Software Corp., Cambridge, MA 02139, USA.

Results
Hospital characteristics
See Table 1.
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Table 2. Structural quality in the intervention hospital 2009 to 2011.

Intervention hospital Structural quality 2009 (t4) [%] 2010 (t3) [%] 2011 (t3) [%] p value t;—t, p value t; —t3 p value t; —t;
Surgical department 44/76 [57.9] 148/228 [64.9] 156/224 [69.6] 0.38 0.546 0.11

Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3) against 2010 (t2) and 2011 (t3) against 2009 (t1).

doi:10.1371/journal.pone.0136156.t002

Structural quality

Immediate outcome indicators for structural quality in the surgical department and the operat-
ing theatre of the intervention hospital did not significantly improve. In the control group,
structural quality declined over the study period from 67.1% (2009) to 50% (2011, p = 0.003).
For overall structural quality in the intervention hospital and the control group see Tables 2
and 3.

Process quality—Preoperative Care

Immediate outcome indicators for Preoperative Care in the intervention hospital improved sig-
nificantly in the first year after intervention (52.5% (2009) to 78.4% (2010), p < 0.001 =) and
remained stable after that (84.2% (2011), p = 0.15; please refer to Table 4). While in 2009, only
4 out of 10 patients received a documented preoperative visits by an anaesthetist, all assessed
preoperative patients received a visit the day before operation in 2010 and 2011. Anaesthetic
history was documented in 50% (10/20) in 2009, and in 100% (30/30) in 2011.

Process quality—Postoperative Inpatient Care

Immediate outcome indicators for Postoperative Inpatient Care in the intervention hospital
improved in the first year after the start of the intervention, although not significantly (63.3%
(2009) to 70% (2010), p = 0.33; please refer to Table 6). In 2011, the overall level of perfor-
mance quality declined again to a level comparable to the baseline (58.6% (2011), p = 0.49). E.
g., input and output were checked in 50% (4/8) in 2009, 55% (11/20) in 2010 and 40.1% (9/22)
in 2011. However, the changing of wound dressing improved from 50% (1/2) in 2009 to 83.3%
(5/6) in 2010 to 100% (6/6) in 2011.

In the control group, the quality of Postoperative Inpatient Care declined in 2010, and
improved again in 2011 up to a level similar to 2009 (for all immediate outcome indicators, see
Table 7).

Outcome quality—Final outcome indicators

The Surgical Case Fatality Rate (SCFR) in the intervention hospital declined significantly after
2009 (5.67% (before intervention) to 2.93% (after intervention), p<0.001; please refer to
Table 8), but not in the control group (4% (before intervention) to 3.8% (after intervention),
p = 0.411; please refer to Table 8).

Table 3. Structural quality in the control group 2009 to 2011.

Control group Structural quality 2009 (ty) [%] 2010 (tp) [%] 2011 (t3) [%] p value t;—t, p value t; -3 p value t, —t;
Surgical department 102/152 [67.1] 75/150 [50] 75/150 [50] 0.003*]. 1 0.003* .

Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3) against 2010 (t2) and 2011 (t3) against 2009 (t1). Significant decline was marked *|.

doi:10.1371/journal.pone.0136156.t003
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Table 4. Inmediate outcome indicators for Preoperative Care in the intervention hospital 2009 to 2011.

Intervention hospital Preoperative Care 2009t [%] 2010ty [%] 2011 t3[%] p value t;_t, p value t; _t3 p value t; _t3
Was the patient seen by an anesthetist the day before 8/20 [40] 22/22 [100]  30/30 [100] < 0.001*1 1 <0.001*7
operation?
Did she/he document the anesthetic history? 10/20 [50]  22/22[100]  30/30 [100] < 0.001*7 1 <0.001*1
Have contributing illnesses been documented? 8/20 [40] 9/22[40.9] 20/30[66.7] 1 0.092 0.085
Are allergies documented? 10/20 [50] 0/22 [0] 17/30 [56.7] <0.001*| <0.001*71 0.774
Are the necessary lab results documented (at least HB 8/20 [40] 22/22 [100] 15/30 [50] < 0.001*7 < 0.001%*| 0.569
and FBS)?
Did the patient get any form of premedication? 4/20 [20] 8/8 [100] 30/30 [100] < 0.001*71 1 <0.001*1
Was fasting ordered? 16/20 [80] 22/22[100]  30/30 [100] < 0.043*] 1 <0.001*1
Did the patient sign a consent form? 20/20 [100] 22/22 [100]  30/30 [100] 1 1 1
overall score [%)] 84/160 127/162 202/240 < 0.001*] 0.149 <0.001*1
[52.5] [78.4] [84.2]
difference of scores -0.2590 -0.0577 -0.3167
95% Cl of differences -0.3544 -0.1383- -0.4038
—0.1560 0.0187 —0.2249

Immediate outcome indicators from 2009, 2010, 2011. 2009 is the baseline assessment. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2) and 2011 (t3) against 2009 (t1). Significant improvement is marked with *1. Significant decline was marked * |. Confidence interval is
given for the differences of overall immediate outcome of the key procedure in 2009, 2010 and 2011.

In the control group, the quality of Preoperative Care did significantly decrease over the whole study period (see Table 5). Patients received anaesthetic
visits the day before operation in less than 25% over the whole study period (7/32 in 2009, 0/28 in 2010 and 2011).

doi:10.1371/journal.pone.0136156.1004

The rate of anaesthetic complications in the intervention hospital declined significantly
after 2009 (1.89% (before intervention) to 0.96% (after intervention), p = 0.006; please refer to
Table 9). The rate of anaesthetic complications in the control group was not available over the
whole study period.

Table 5. Inmediate outcome indicators for Preoperative Care in the Control Group 2009 to 2011.

Control group Preoperative Care 2009t [%] 2010t;[%] 2011t3[%] pvaluet,_t; pvaluet;_t; p value t; _t;
Was the patient seen by an anesthetist the day before 7/32 [21.9] 0/28 [0] 0/28 [0] 0.012%| 1 0.012%|
operation?
Did she/he document the anesthetic history? 22/32 [68.8] 0/28 [0] 0/28 [0] <0.001*| 1 <0.001*|
Have contributing illnesses been documented? 16/32 [50] 0/28 [0] 20/28 <0.001*| <0.001*7 0.117
[71.4]
Are allergies documented? 9/32 [28.1] 0/28 [0] 0/28 [0] 0.002* | 1 0.002* |
Are the necessary lab results documented (at least HB 25/32 [78.1] 8/28 [28.6] 16/28 <0.001*] 0.058 0.101
and FBS)? [57.1]
Did the patient get any form of premedication? 4/32 [12.5] 0/28 [0] 0/28 [0] 0.116 1 0.116
Was fasting ordered? 22/32[68.8] 3/28[10.7] 13/28 <0.001*| 0.007* | 0.116
[46.4]
Did the patient sign a consent form? 25/32 [78.1] 14/28 [50] 14/28 [50] 0.031*| 1 0.031*|
overall score [%)] 130/256 25/192 63/192 <0.001*| <0.001*1 <0.001*|
[50.8] [13.02] [32.8]
difference of scores 0.3776 -0.1979 0.1797
95% Cl of differences 0.2956— -0.2781 0.0875
0.4505 —0.1147 —0.2668

Immediate outcome indicators from 2009, 2010, 2011. 2009 is the baseline assessment. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2) and 2011 (t3) against 2009 (t1). Significant improvement is marked with *1. Significant decline was marked * |. Confidence interval is
given for the differences of overall immediate outcome of the key procedure in 2009, 2010 and 2011.

doi:10.1371/journal.pone.0136156.t005

PLOS ONE | DOI:10.1371/journal.pone.0136156 September 1,2015 11/20

22



Originalartikel

o ®
@ : PLOS | ONE Continuous Quality Improvement for Perioperative Care in Tanzania

Table 6. Immediate outcome indicators for Postoperative Inpatient Care in the intervention hospital 2009 to 2011.

Intervention Hospital Postoperative Inpatient Care 2009 t1 2010t2 201113 p value t1 pvaluet2 pvaluetl -
[%] [%] [%] —t2 -3 3
Are orders fulfilled? 1/2[50] 5/6[83.3] 5/6[83.3] 1 1 1
Are wounds dressed once a day? 1/2[50] 5/6[83.3] 6/6[100] 1 1 1
Does staff wash or disinfect their hands before and after contact? 0/2 [0] 4/6 [66.7] 2/6 [33.3] 0.429 0.567 1
Does staff adhere to hygienic procedures when in contact with patients 1/2[50] 6/6[100] 4/6[66.7] 0.25 0.455 1
(when taking blood, putting up a drip or giving blood)?
Does staff document care? 1/2[50] 4/6[66.7] 3/6[50] 1 1 1
Are input / output checked every 4 hours for the first 24 hours? 4/8 [50] 11/20 [55] 9/22 1 0.537 0.698
[40.1]
Is absence of bleeding checked at least twice? 7/20 [35] 10/32 3/22 1 0.199 0.152
[31.3] [18.7]
Is analgesic medication given? 20/20 32/32 22/22 1 1 1
[100] [100] [100]
Does the patient have an (open) iv line? 8/12 20/24 12/22 0.397 0.054 0.717
[66.7] [83.3] [54.5]
Are notes and observation charts checked by Dr and documented once 12/20 21/32 16/22 0.771 0.767 0.515
a day? [60] [65.6] [72.7]
overall score [%] 57/90 119/170 82/140 0.329 0.042* | 0.493
[63.3] [70.0] [58.6]
difference of scores -0.0667 0.1143 0.0476
95% Cl of differences -0.1879- 0.0075- -0.0818—
0.0507 0.2189 0.1716

Immediate outcome indicators from 2009, 2010, 2011. 2009 is the baseline assessment. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2) and 2011 (t3) against 2009 (t1). Significant improvement is marked with *1. Significant decline was marked * |. Confidence interval is
given for the differences of overall immediate outcome of the key procedure in 2009, 2010 and 2011.

doi:10.1371/journal.pone.0136156.t006

Stratified analysis of SCFR with respect to the years 2009 and 2011 resulted in significantly dif-
ferent odds ratios of strata (Breslow and Day test, p<0.0001), i.e. SCFR was different in those
years between hospital and control (odds ratio before intervention 1.42, odds ratio after interven-
tion 0.76). Details for the SFCR before and after intervention are given in Table 8. SCFR differed
significantly between hospital and control both before and after intervention (p < 0.01 each), but
the common odds ratio over the years of 1.05 was not significant (p = 0.52, Mantel-Haenszel test).

Discussion
The main findings of this study are:

1. Changes in structural quality were independent from changes in process quality.

2. Through the CQI approach, immediate outcome indicators for preoperative care in the
intervention hospital improved. Improvements were associated with a decrease in the Surgi-
cal Case Fatality Rate and the Anaesthetic Complication Rate.

3. The comparison of pre- and postoperative implementation strategies in the intervention
hospital showed that in the first year both implementation approaches lead to improvement
in immediate outcome indicators. After two years, it seems that the improvement was not
sustainable in Postoperative Inpatient Care.

4. Initial improvements in performance quality were associated with both decreased Surgical
Case Fatality Rate and Anaesthetic Complication Rate in the intervention hospital.

PLOS ONE | DOI:10.1371/journal.pone.0136156 September 1,2015 12/20
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Table 7. Immediate outcome indicators for Postoperative Inpatient Care in the Control Group 2009 to 2011.

Control group Postoperative Inpatient Care 2009 t, 2010t, 2011 t3 p value pvaluet, t; pvaluet, _t3
[%] [%] [%] t_to
Are orders fulfilled? 3/4 [75] 2/4 2/4 1 1 1
[50.0] [50.0]
Are wounds dressed once a day? 2/4 [50] 2/4 2/4 1 1 1

[50.0] [50.0]

Does staff wash or disinfect their hands after contact? 3/4 [75] 0/4 [0] 0/4 [0] 0.143 1 1
Does staff adhere to hygienic procedures when in contact with 3/4 [75] 2/4 2/4 1 1 1
patients (when taking blood, putting up a drip etc.)? [50.0] [50.0]
Does staff document care? 3/4 [75] 2/4 2/4 1 1 1
[50.0] [50.0]
Is the input /output checked every 4 hours for the first 24 hours (in 17/34 [50] 6/18 19/26 0.379 0.014%] 0.11
case of major operation)? [33.3] [73.1]
Is absence of bleeding checked at least twice? 15/34 3/18 7/26 0.068 0.489 0.036* |
[44.1] [16.7] [26.9]
Is anti-pain medication applied? 54/54 17/18 26/26 0.25 0.409 n.a.
[100] [94.4] [100]
Does the patient have an (open) iv line? 47/54 [74) 18/18 26/26 0.181 1 0.09
[100] [100]
Are notes and observation charts checked by Dr and documented 35/40 [87] 3/18 13/26 0.172 <0.001*| <0.001%*|
once a day? [16.7] [50]
overall immediate outcome [%] 123/176 55/110 99/150 0.001%| 0.011 0.476
[69.9] [50] [66]
difference 0.1989 -0.1600 0.0389
95% CI of differences 0.0825— -0.2961 -0.0618
0.3102 —0.0389 —0.1398

Immediate outcome indicators from 2009, 2010, 2011. 2009 is the baseline assessment. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2) and 2011 (t3) against 2009 (t1). Significant improvement is marked with *1. Significant decline was marked * |. Confidence interval is
given for the differences of overall immediate outcome of the key procedure in 2009, 2010 and 2011.

doi:10.1371/journal.pone.0136156.t007

However, final outcome data were partly not available and documentation of final outcome
indicators appeared questionable. Thus, final outcome indicators alone seem not sensitive
enough a measuring and/or steering tool for changes and improvements in pre- and postop-
erative care in this setting.

Structural quality

In our study, structural quality seemed to be hardly associated with process quality. Process
quality did not always decrease or increase along with structural quality, let alone to the same
amount. As Peabody et al. pointed out in 2006 for the World Bank, structural improvements
by themselves rarely improve the health of a population in developing countries [29]. We agree
with Reerink et al. who said that it was not sensible to exclusively focus on improving structural
quality in order to improve patient outcome; but rather to strengthen process quality, as they
are different entities [30,31].

CQl and improvement

Through embedding HPAT results into a continuous quality improvement strategy, preopera-
tive service quality in the intervention hospital seemed to improve lastingly over the course of
the study. Postoperative interventions did only initially improve and declined again. These
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Table 8. Surgical Case Fatality Rate for the intervention hospital and the control group before and after intervention.

SCFR intervention hospital

Difference [%)]
Cl of difference [%]
SCFR control group total

p-value
Difference [%]
Cl of difference [%]
QOdds Ratio [95%-Cl]
SCFR control group hospital 1

Odds Ratio [95%-Cl]
SCFR control group hospital 2

Odds Ratio [95%-Cl]

before intervention [%]

5.67% n = 3,035
172/3035

4.0%
n = 11040
447/11040

<0.001
1.62
0.76-2.57
1.42 [1.2-1.7]
3.89% n = 6.831
266/6831
<0.001
1.48 [1.2-1.8]
4.3% n = 4209
181/4209
0.008
1.34 [1.1-1.7]

after intervention [%]

p value before—after

2.93% n = 3,654 <0.001*|
107/3654
2.74
1.77-3.75
3.8% 0.411
n = 13664
525/13664
0.009
-0.91
-1.52—0.24
0.76 [0.6-0.9]
3.73% n = 8.797
328/8797
0.029
0.78[0.6-0.9]
4.04% n = 4867
197/4867
0.007
0.72 [0.6-0.9]

Figures were taken from the annual hospital reports, the annual regional reports and individual hospitals’ documentations. SCFR = Surgical Case Fatality
Rate; before intervention = 2009; after intervention = 2010 or 2011, resp., as there was not always available in both years

doi:10.1371/journal.pone.0136156.t008

findings do not prove that integrating interventions into a continuous quality improvement
program is a prerequisite for sustainability. However, they suggest it, as CQI has been proposed
to be especially useful for developing countries, where deep-rooted challenges might have to be
improved in a continuous process rather than resolved “overnight” [24]. In this study, CQI
interventions in the intervention hospital lead to better immediate outcome indicators, while at

the same time the Surgical Case Fatality Rate and the Anaesthetic Complication Rate decreased

as compared to the control group.

Comparison of implementation approaches

Through the implementation approach of introducing a compulsory standardized checklist,
the intervention in preoperative care appears to have had a significant positive effect on the

Table 9. Anaesthetic Complication Rate for the intervention hospital before and after intervention.

ACR intervention hospital

difference [%)]
Cl of difference [%]
ACR control group

before intervention

1.89% n = 2,431

46/2431

n.a.

after intervention

0.96% n = 2,710 0.006* |
26/2710
0.93
0.29-1.63
n.a.

ACR = Anaesthetic Complication Rate. Significance was tested a) before intervention (2009) against after intervention (2010, as there was no data
available for 2011). Significant decline was marked with *|.

doi:10.1371/journal.pone.0136156.t009
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immediate outcome indicators, which lasted over the whole study periods. It is well known that
checklists increase standardization in work processes and avoid reliance on memory, thereby
decreasing the chances of human error [32]. In its 1999 report “To err is human”, the Institute
of Medicine recommended verification processes such as checklists in order to minimize the
human factor in complex medical processes [33]. We agree to that. However, we suggest that
there are more reasons why the use a checklist has a good potential for sustainable improve-
ment. Checklists combine several aspects of a successful implementation approach. They rep-
resent the target standard from which they derive. They can be applied as an educational tool,
are available at the point of care, serve as a matrix for on-the-job-training, and give immediate
feedback on completion of a task. They make performance measurable and can positively moti-
vate in case of improved performance. They can be used for supervision and control of the
actual performance in daily practice. Other large-scale interventions are reported, where check-
lists lead to quality improvements. As a well-known example, after its worldwide introduction,
the Surgical Safety Checklist by the World Health Organization has been recognised as a gener-
ally effective measure in order to increase patient safety in the operating room [14]. In 2013, a
Quality Rounds Checklist could sustainably increase compliance with evidence-based stan-
dards and decrease complications in a trauma intensive care unit [34]. Through its multiface-
ted character they might be a cornerstone to improve patient safety sustainably.

In Postoperative Inpatient Care the implementation strategy was to amend the pre-existing
continuing education program. Follow-up, on-the-job-training, supervision or feedback mech-
anisms were not included. After an initial increase in performance, improvements could not be
sustained. We believe that the introduction of educational sessions alone can only be the start-
ing point or an accompanying feature of an intervention, but seems to lack important aspects
to maintain improved performance. Several authors tried to describe those additional aspects.
In a qualitative study on the implementation of a perinatal audit in South Africa, several factors
were identified to play a central role for implementation and sustainability. Amongst those fac-
tors were supervisory activities and feedback meetings [27]. A study on the implementation of
the guidelines for Integrated Management of Childhood Illnesses (IMCI) found that perfor-
mance feedback was a promising technique for improving adherence to the guidelines and the
quality of care [28]. In Kenyan district hospitals, Ayieko et al found that a “full intervention” in
paediatric care with local facilitation, supervision and face-to-face feedback was associated with
greater quality improvement after 18 months than a merely “partial” intervention where those
aspects were absent [35].

In their 2012 review, Hulscher et al tested 23 studies from all over the world for determi-
nants of sustainable quality improvement interventions. There was no significant factor that
for sure guaranteed success and sustainable improvement. However, the chance of long-term
success was higher, whenever data collection on specific areas in need of improvement contin-
ued [36]. We agree with this view. Thus, in our program, implementation approaches for inter-
ventions are multifaceted and interventions themselves are assessed and re-assessed annually.

Umar et al. found that it might be effective to adopt a rather slow “little-steps” approach
involving health workers to develop a quality culture and a management scheme with targeted
interventions from the scratch [37]. In Benin, trained workers performed better when they
were supervised after they received training on Integrated Management of Childhood Illnesses
(IMCI) guidelines [38]. Continuing education after training on IMCI guidelines improved
adherence in Morocco [39]. Thus, although in our study the introduction of a checklist has
been proven to be lastingly effective, it has to be pointed out that it alone might not automati-
cally lead to sustainably improved clinical processes and hence outcome. Aveling et al.
expressed similar criticism towards the surgical safety checklist [40]. It seems crucially
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important to not only introduce but to continuously support and supervise the use of a check-
list in order to have a sustainable effect.

In essence, a multi-faceted approach and continuation seem valuable. We suggest this to be
the true difference between introduction and implementation. The best intervention seems to
be doomed to fail if it is not hold through, and it also seems of utmost importance to follow-up
and re-evaluate existing interventions rather than break up and plan new ones.

Availability of final outcome indicators

In this study, the documentation of final outcome indicators was not always found to be trust-
worthy. Final outcome indicators were not always available, and documentation in the hospital
reports seemed oftentimes inconsistent. This has also been described by other authors. As early
as 1990, Nordberg et al. stated that it was difficult to assess the outcome of surgical care in East
Africa because of problems in recording and reporting [2]. In 2009, Weiser et al. still found
that the lack of standardised and well documented outcome measures for surgical care in devel-
oping countries seemed to be a global challenge [41].

Outcome-based monitoring is still the gold standard worldwide and reflects the success of
any quality improvement program. If the quality of final outcome indicators is not assured, it
seems difficult to use them for monitoring, evaluating and steering health care improvement
programs. Thus, documentation and exactness in this field is mandatory. According to Dona-
bedian, final patient outcome indicators are the desired ends of health care and cannot be
neglected [21,42]. Amongst others, the WHO-based Health Metrics Network has acknowl-
edged the challenge of completing and standardizing the collection of useful outcome mea-
sures. Until this collection is complete and documentation is reliable, it might make sense to
rely on immediate outcome indicators as they are faster to generate and reflect immediately the
situation, which in return helps to steer the program.

Limitations

There are some severe limitations to this study.

First, the hospitals in this study are not all of the same size. Technically, the intervention
hospital is a regional reference hospital. In theory, a regional hospital should provide a greater
level of expertise and a higher level of clinical and nursing care capability. According to the def-
inition of tertiary care, there are supposed to be specialist services available at the regional hos-
pital. This requirement was met in our intervention hospital in most of the departments. To
name a few examples, the regional hospital provides specialist services such as dental surgery,
has an ophthalmological outpatient department, and a specialist surgeon for gynaecology and
obstetrics services. However, during our study period, there was no specialist general or ortho-
paedic surgeon working at the regional hospital. Thus the surgical department in the regional
hospital was comparable to the surgical departments in the control group.

Still, the regional hospital served the biggest city in the region and probably has more severe
cases than the control group hospitals. Beyond doubt comparisons in the quality of health ser-
vices are limited if they are not derived from similar patient groups and usually, scoring sys-
tems are needed for defining individual risk levels. These depend e.g. upon age, severity of
disease, co-morbidities and past medical history [43]. In this study, data was obtained from
routine quality assessments and thus specific case mix adjustment has not been applied. It has
also been said that when process measures are assessed for quality improvement, the problem
of case mix largely ends where appropriate processes of care for specific patient groups have
been defined [43]. This is the case in the structure of the HPAT, where high risk patients
depend on different standards than non-risk patients. Different risk groups might require
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different standards; however, all patients require that their standard is adhered to. In this way,
basic stratification took place. This has been described in earlier studies [21].

Secondly, it is likely that the Hawthorne effect played no small role in our approach, as it
must be assumed to do in most settings where observations take place. However, we think that
the Hawthorne effect might have weighed less over the years, as assessments have become
more and more part of the clinical routine since they had started in 2006. Also, assessments are
conducted as peer assessments, which might have further reduced the Hawthorne effect.

Self-assessments bear a risk that individuals might want to make “their” hospital’s services
appear better than they are. Thus, we used a system of two observers making independent
observations and agreeing on one assessment result after comparing their individual ones.
They were also supervised by the Regional Health Management Team, and we counterchecked
the observations with file reviews.

Only one hospital in this study introduced an intervention to improve the quality of ser-
vices. However, the quality assurance approach was the same for all district hospitals in Tanga
Region. All the hospitals have used the Hospital Performance Assessment Tool (HPAT) and
held feedback meetings to reflect upon the results since 2006. In 2009, the hospital manage-
ment of the intervention hospital decided to go further and designed targeted interventions to
very specifically improve areas where quality of services was low. They were not advised to do
so and also all other hospitals would have had the freedom to do this or introduce other quality
improvement activities. In our view, this self-directed course together with the self-assessment
approach in the HPAT could be a crucial prerequisite of successful and hopefully sustainable
quality improvement.

Conclusion

Both interventions showed initial improvements in the quality of care in the intervention hos-
pital compared to the control group. These improvements in performance quality seemed
independent from changes in structural quality. However, the introduction of a standardized
checklist on preoperative care was followed by more lasting improvements than including spe-
cific activities in a pre-existing framework of educational sessions in the field of postoperative
care. The checklist reflected the target standard, was always available at the point of care, and
could be used for a matrix for further improvement activities. All these aspects together may
have led to better results for a longer time than one single implementation aspect, such as edu-
cation, for postoperative care. Further studies will be needed to test these categories.

Along with improvements in pre- and postoperative care, Anaesthetic Complication Rate
and Surgical Case Fatality Rate in the intervention hospital did decline over the study period.
These findings are limited by the fact that final outcome indicators oftentimes seemed unreli-
able and not consistently documented. Thus, some doubts remain that results could be inciden-
tal. Well documented final patient outcome indicators in hospital-dependent quality of care
are still urgently needed because only good documentation can truthfully reflect changes in
patient long-term outcome. They also may reflect the success of a quality improvement
program.
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DISTRICT:HANDENI
YEAR: 2009

Table 2: Demographic indicators (from computer printout: "Additional Reports MTUHA") (from table D 1.6)

Total population 286.319
Growth rate

Births (4.6%) 11.445
Children <lyear (4.0%) 10.589
Children <5 years (20%) 50.409
Women 15-49 years  (20%) 68.906

2.1 Health facilities, infrastructure, equipment

Table 3: Health facilities per type and ownership and number of beds

(from computer printout: "Additional Reports MTUHA") (from FOO5 Part 1 and 4)

Type of facility Government |Nr of beds NGO HF Nr of beds | Private HF Nr of beds |Total Nr. HF | Total Nr. of

HF beds
Hospitals 119 1 56 0 0 175
Health centers 60 0 0 0 0 60
Dispensaries 31 1 3 35 0
TOTAL 35 179 2 56 3 0 40 235
Comments:There is an increase of 1 dispensary from 30 to 31 health facility year 2009.
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage

pit/placenta
pit

Nr of HF 35 14 40 40 1
% of HF 87,50 35,00 100,00 100,00 2,50
Comments:

All facilities have toilets and refuse pits.
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Table 6: Availability of essential equipment in working order (from table D 2.1)

Equipment

Adult scale

Baby scale

BP machine

Delivery kit

Fetoscope

Fridge

Sterilizer

Stethoscop
e

Nr of HF with at least one

40

40

15

20

40

34

28

40

% of HF with at least one

100,00

100,00

37,50

50,00

100,00

85,00

70,00

100,00

Comments: Most health facilities have non functioning BP

machines

2.2 Human resources

Table 7 (a): District staff report — Only Government owned Institutions!

(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D001)

Category

Requirement

(according to "Staffing Levels for Health

Staff Available

Gov.
Hospital /
CHMT

Gov. Rural
Health
Center

Gov.
Dispensaries

Total

Gov.
Hospital /
CHMT

Gov. Rural
Health
Center

Gov.
Dispensaries

Total

District Medical Officer

o

District Dental Officer

District Health Officer

District Nursing Officer

District Pharmacist

District Laboratory Technologist

District Health Secretary

Medical Doctor (incl. MO i/c)

Specialist Doctor

Dental Surgeon

Specialist Dental Surgeon

Pharmacist
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Assistant Medical Officer 14 4 0 18 1 0 8
Assistant Dental Officer 1 0 0 1 0 0 1
Medical Assistant / Clinical Officer 32 12 74 118 16 6 22 44
Dental assistant / Dental therapist 1 0 0 1 0 0 0 0
Rural Medical Aid 0 0 0 0 0 0 6 6
Nursing Officer / Public Health Nurse A 36 6 0 42 13 2 1 16
Nurse tutor 0 0 0 0 0 0 0 0
Trained Nurse/ Midwife/ Public Health Nurse B

45 12 74 131 32 12 12 56
MCH Aid 0 8 0 8 1 2 5 8
Medical Laboratory Technician 3 0 0 3 0 0 0 0
Radiographer 1 0 0 1 1 0 0 1
Dental Technician 1 0 0 1 0 0 0 0
Optometry Technician 0 0 0 0 0 0 0 0
Orthopedic Technician 0 0 0 0 0 0 0 0
Physiotherapist 1 0 0 1 0 0 0 0
Chemical Laboratory Technician 0 0 0 0 0 0 0 0
Health Officer 0 0 8 8
Medical Records Officers 5 0 0 5 0 0 0 0
Pharmaceutical Technician 2 0 0 2 0 0 0 0
Launderers 4 0 0 4 0 0 0 0
Catering officers 0 0 0 0 0 0 0 0
Health Secretary 2 0 0 2 0 0 0 0
Mortuary Attendant 2 0 0 2 1 0 0 1
Medical Attendant 30 12 35 77 44 51 24 119
All other 23 27 0 50 8 0 0 8
TOTAL STAFF 212 81 183 476 130 74 78 282
Comments:

Acute shortage of staff

4. In-Patient Data
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4.3 Special services
Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Comments:
Caesarian section has decreased from 339 in 2008 to 309 in 2009
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DISTRICT:HANDENI
YEAR: 2010

Table 2: Demographic indicators (from computer printout: "Additional Reports MTUHA") (from table D 1.6)

Total population 292.567
Growth rate

Births 11.541
Children <lyear 10.695
Children <5 years 50.886
Women 15-49 years 70.852

Comments: These indicators are form NBS

2.1 Health facilities, infrastructure, equipment

Table 3: Health facilities per type and ownership and number of beds (from computer printout: "Additional Reports MTUHA") (from FOO05 Part 1 and 4)

Type of facility Government |Nr of beds NGO HF Nr of beds | Private HF Nr of beds |Total Nr. HF | Total Nr. of

HF beds
Hospitals 120 1 56 0 0 2 176
Health centers 60 0 0 0 0 3 60
Dispensaries 33 0 1 0 3 0 37 0
TOTAL 37 180 2 56 3 0 42 236
Comments:There is an increase of Health Facilities from 40 to42 health facilities year 2010.
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage

pit/placenta
pit

Nr of HF 42 14 42 42 1
% of HF 100,00 33,33 100,00 100,00 2,38

Comments: All facilities have toilets and refuse
pits.
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2.2 Human resources

Table 7 (a): District staff report — Only Government owned Institutions!
(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D001)

Category

Requirement

Staff Available

(according to "Staffing Levels for Health

Gov. Gov. Rural |Gov. Dispensaries Total Gov. Gov. Rural Gov. Total
Hospital / Health Hospital / Health Dispensaries
CHMT Center CHMT Center
District Medical Officer 1 0 0 1 1 0 0 1
District Dental Officer 1 0 0 1 1 0 0 1
District Health Officer 1 0 0 1 1 0 0 1
District Nursing Officer 1 0 0 1 1 0 0 1
District Pharmacist 1 0 0 1 1 0 0 1
District Laboratory Technologist 1 0 0 1 1 0 0 1
District Health Secretary 1 0 0 1 1 0 0 1
Medical Doctor (incl. MO i/c) 2 0 0 2 0 0 0 0
Specialist Doctor 0 0 0 0 0 0 0 0
Dental Surgeon 0 0 0 0 0 0 0 0
Specialist Dental Surgeon 0 0 0 0 0 0 0 0
Pharmacist 0 0 0 0 0 0 0 0
Chemists 0 0 0 0 0 0 0 0
Assistant Medical Officer 14 4 0 18 10 2 0 12
Assistant Dental Officer 1 0 0 1 1 0 0 1
Medical Assistant / Clinical Officer 32 12 74 118 14 6 23 43
Dental assistant / Dental therapist 1 0 0 1 0 0 0 0
Rural Medical Aid 0 0 0 0 3 0 0 3
Nursing Officer / Public Health Nurse A 44 6 0 50 13 3 1 17
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Nurse tutor

Trained Nurse/ Midwife/ Public Health Nurse B
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TOTAL STAFF

218
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131

N
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©

254

Comments: Acute shortage of trainned staff

4. In-Patient Data
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4.3 Special services
Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Comments: Caesarian section rate was in normal range - 7.8 %

DISTRICT:HANDENI

YEAR: 2011
Table 2: Demographic indicators (from computer printout: "Additional Reports MTUHA") (from table D 1.6)
332.025
2,20% 7.305
4,60% 15.273
4,00% 13.281
21,00% 69.725
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|Women 15-49 years  (18%)

18,00%

59.765

2.1 Health facilities, infrastructure, equipment

Table 3: Health facilities per type and ownership and number of beds
(from computer printout: "Additional Reports MTUHA") (from FOO5 Part 1 and 4)

Type of facility Govern-ment HF  |Nr of beds NGO HF Nr of beds Private HF Nr of beds
Hospitals 1 120 1 56 0 0
Health centers 3 60 0 0 0 0
Dispensaries 36 0 1 0 2 0
TOTAL 40 180 2 56 2 0
Comments:
There is an increase of Health facilities from 42 to 44 health facilities this year 2011.
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage
pit/placenta pit

Nr of HF 44 23 44 44 2
% of HF 100 54,7 100 100 4%
Comments:
14 Health facilities being connected to electric supply from TANESCO while 9 are using solar power system
Table 6: Availability of essential equipment in working order (from table D 2.1)

Equipment Adult scale Baby scale BP machine Delivery kit Fetoscope Fridge
Nr of HF with at least one 25 42 23 30 44 34
% of HF with at least one 56,82 95,45 52,27 68,18 100,00 77,27

Comments: Most Health facilities have non
functioning BP Machine

2.2 Human resources

Table 7 (a): District staff report — Only Government owned Institutions!

(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D001)
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Category Requirement Staff Av
(according to "Staffing Levels for Health Facilities/Institutions" from MOH)
Gov. Hospital / Gov. Rural Health | Gov. Dispen-saries Total Gov. Gov. Rural
CHMT Center Hospital / Health
CHMT Center

District Medical Officer 1 0 1 1 0
District Dental Officer 1 0 0 1 1 0
District Health Officer 1 0 0 1 1 0
District Nursing Officer 1 0 0 1 1 0
District Pharmacist 1 0 0 1 1 0
District Laboratory Technologist 1 0 0 1 1 0
District Health Secretary 1 0 0 1 1 0
Medical Doctor (incl. MO i/c) 2 0 0 2 1 0
Specialist Doctor 0 0 0 0 0 0
Dental Surgeon 0 0 0 0 0 0
Specialist Dental Surgeon 0 0 0 0 0 0
Pharmacist 2 0 0 2 1 0
Chemists 0 0 0 0 0 0
Assistant Medical Officer 14 3 0 17 10 2
Assistant Dental Officer 1 0 0 1 1 0
Medical Assistant / Clinical Officer 32 12 74 118 12 6
Dental assistant / Dental therapist 1 0 0 1 0 0
Rural Medical Aid 0 0 0 0 0 0
Nursing Officer / Public Health Nurse A 44 6 0 50 14 3
Nurse tutor 0 0 0 0 0 0
Trained Nurse/ Midwife/ Public Health Nurse B

100 12 74 186 24 8
MCH Aid 0 0 0 0 1 1
Medical Laboratory Technician 3 0 0 3 2 0
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Radiographer

Dental Technician

Optometry Technician

Orthopedic Technician

Physiotherapist

Chemical Laboratory Technician
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TOTAL STAFF
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89

222

580

120
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Comments:
Acute shortage of trained staff.

4. In-Patient Data
4.3 Special services

Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Major operations

Number

Minor operations

Number

1. Laparotomy

66

D&C
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To tal major operations was1112

DISTRICT: Lushoto

YEAR: 2009
Table 2: Demographic indicators (from computer
Total population

487.132
Growth rate
Births (4.6%)

18.307
Children <lyear (4.0%)

16.938
Children <5 years (21%)

78.849
Women 15-49 years  (18%)

124.550

Comments:

Projected population.

2.1 Health facilities, infrastructure, equipment
Table 3: Health facilities per type and ownership and number of beds

printout: "Additional Reports MTUHA") (from table D 1.6)

43

2. Caesarian Section 377 |Reduction/pop 67
3. Herniorrhaphy 67 |1&D

4. Hydrocelectomy 44 |Excision 25
5. Tubal ligation 489 |Deslouphing

6. Orchidectomy 4|S/Toilet & suturing 95
7.Amputation 3|FB removal

8.Hysterectomy 18 |S/pin insertion

9. Ophthalmologic O|Evacuation 183
10. Other 44 |Others 77
Total 1112 |Total 447
Comments:
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(from computer printout: "Additional Reports MTUHA") (from FOO5 Part 1 and 4)

Type of facility Government |Nr of beds NGO HF | Nr of Private Nr of Total Nr| Total Nr.
HF beds HF beds HF of beds
Hospitals 1 101 1 104 0 0 2 205
Health centers 6 94 1 37 0 0 7 131
Dispensaries 33 0 8 0 1 0 42 0
TOTAL 40 195 10 141 1 0 51 336
Comments: Two NGO Dispensary closed due to manegerial problems.
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage
pit/placenta
pit
Nr of HF 50 21 50 50 7
% of HF 98,039216 41,18 98,03921569 |98,039216 | 13,72549
Table 6: Availability of essential equipment in working order (from table D 2.1)
Equipment Adult | Baby scale | BP machine | Delivery | Fetoscope Fridge | Sterilizer |Stethoscop e
scale kit
Nr of HF with at least one 47 48 51 25 48 46 51 51
% of HF with at least one 92,16 94,12 100,00 49,02 94,12 90,20 100,00 100,00
Comments: At least most of essential
equipments are availlable at the health
facilities.
2.2 Human resources
Table 7 (a): District staff report — Only Government owned Institutions!
(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D001)
Category Requirement Staff Available Over-
according to "Staffing Levels for Health staffing /
Understaffing
Gov. Gov. Rural Gov. Total Gov. Gov. Gov. Total Total
Hospital / Health Dispensaries Hospital /| Rural Dispensaries
CHMT Center CHMT Health
Center
District Medical Officer 1 0 0 1 1 0 0 1 0
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District Dental Officer 1 0 0 1 1 0 0 1 0
District Health Officer 1 0 0 1 1 0 0 1 0
District Nursing Officer 1 0 0 1 1 0 0 1 0
District Pharmacist 1 0 0 1 1 0 0 1 0
District Laboratory Technologist 1 0 0 1 1 0 0 1 0
District Health Secretary 1 0 0 1 1 0 0 1 0
Medical Doctor (incl. MO i/c) 1 0 0 1 0 0 0 0 -1
Specialist Doctor 0 0 0 0 0 0 0 0 0
Dental Surgeon 1 0 0 1 0 0 0 0 -1
Specialist Dental Surgeon 0 0 0 0 0 0 0 0 0
Pharmacist 1 0 0 1 1 0 0 1 0
Chemists 0 0 0 0 0 0 0 0 0
Assistant Medical Officer 5 7 0 12 9 0 0 9 -3
Assistant Dental Officer 1 0 0 1 0 0 0 0 -1
Medical Assistant / Clinical 21 21 64 106 18 8 30 56 -50
Officer

Dental assistant / Dental 1 7 0 8 1 0 0 1 -7
therapist

Rural Medical Aid 0 0 0 0 0 0 0 0 0
Nursing Officer / Public Health 10 7 0 17 2 9 0 11 -6
Nurse A

Nurse tutor 0 0 0 0 0 0 0 0 0
Trained Nurse/ Midwife/ Public

Health Nurse B 38 56 64 158 19 9 4 32 -126
MCH Aid 0 0 0 0 0 0 0 0 0
Medical Laboratory Technician 1 0 0 1 1 0 0 1 0
Radiographer 1 0 0 1 0 0 0 0 -1
Dental Technician 1 0 0 1 0 0 0 0 -1
Optometry Technician 1 0 0 1 0 0 0 0 -1
Orthopedic Technician 1 0 0 1 0 0 0 -1
Physiotherapist 1 0 0 1 0 0 0 0 -1
Chemical Laboratory Technician 0 0 0 0 0 0 0 0 0
Health Officer 6 7 0 13 1 5 0 6 -7
Medical Records Officers 2 7 0 9 2 0 0 2 -7
Pharmaceutical Technician 1 0 0 1 0 0 0 0 -1
Launderers 4 0 0 4 2 0 0 2 -2
Catering officers 0 0 0 0 0 0 0 0 0
Health Secretary 1 0 0 1 1 0 0 1 0

N
ol




Supplement

Mortuary Attendant 2 4 0 6 2 0 0 2 -4
Medical Attendant 25 28 32 85 40 59 64 163 78
All other 23 27 0 50 17 5 0 22 -28
TOTAL STAFF 156 171 160 487 123 95 98 316 -171
Comments: Chronic shortage of staff at all level.(As per Establishment- IKAMA).

4. In-Patient Data
4.3 Special services

Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Major operations Number|/Minor Number
operations

1. Laparotomy 38|1. Evacuation 18

2. Caesarian Section 287|2. D&C 0

3. Herniorrhaphy 25|3. Circumcision 3

4. Hydrocelectomy 11|4. Reduction of 290
fracture

5. Tubal ligation 49|5. Surgical 135
toilet

6. Orchidectomy 1/6. Other 135

7.Amputation O[M.V. A 89

8.Hysterectomy 6|Foreign bodies 3

9. Ophthalmologic 162

10. Other 38

Total 617|Total 673

Comments: There were slightly increase

of caesarian section from263(2008) to

287.

DISTRICT:LUSHOTO
YEAR: 2010

Table 2: Demographic indicators (from computer printout: "Additional Reports MTUHA") (from table D 1.6)

Total population

496.917

Growth rate
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Births 18.459
Children <lyear 17.106
Children <5 years 79.589
Women 15-49 years 128.042

2.1 Health facilities, infrastructure, equipment

Table 3: Health facilities per type and ownership and number of beds
(from computer printout: "Additional Reports MTUHA") (from FOO5 Part 1 and 4)

Type of facility Government |Nr of beds NGO HF Nr of beds | Private HF Nr of beds |Total Nr. HF | Total Nr. of
HF beds
Hospitals 109 120 0 0 2 229
Health centers 128 37 0 0 8 165
Dispensaries 32 0 0 1 0 42 0
TOTAL 40 237 11 157 1 0 52 394
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage
pit/placenta
pit
Nr of HF 52 31 52 52 7
% of HF 100,00 59,62 100,00 100,00 13,46
Comments:10 health facilities instolled sollar
electrification
Table 6: Availability of essential equipment in working order (from table D 2.1)
Equipment Adult scale | Baby scale BP machine Delivery kit | Fetoscope Fridge Sterilizer Stethoscop
e
Nr of HF with at least one 52 48 52 48 48 46 52 52
% of HF with at least one 100,00 92,31 100,00 92,31 92,31 88,46 100,00 100,00

was assembled

Comments: There is increase of delivery kit from 25 to 48 and most of them
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2.2 Human resources

Table 7 (a): District staff report — Only Government owned Institutions!
(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D001)

Category

Requirement

(according to "Staffing Levels for Health

Staff Available

Gov. Gov. Rural |Gov. Dispensaries Total Gov. Gov. Rural Gov. Total
Hospital / Health Hospital / Health Dispensaries
CHMT Center CHMT Center

District Medical Officer 1 0 0 1 1 0 0 1
District Dental Officer 1 0 0 1 1 0 0 1
District Health Officer 1 0 0 1 1 0 0 1
District Nursing Officer 1 0 0 1 1 0 0 1
District Pharmacist 1 0 0 1 1 0 0 1
District Laboratory Technologist 1 0 0 1 1 0 0 1
District Health Secretary 1 0 0 1 1 0 0 1
Medical Doctor (incl. MO i/c) 1 0 0 1 1 0 0 1
Specialist Doctor 0 0 0 0 0 0 0 0
Dental Surgeon 1 0 0 1 0 0 0 0
Specialist Dental Surgeon 0 0 0 0 0 0 0 0
Pharmacist 1 0 0 1 0 0 0 0
Chemists 0 0 0 0 0 0 0 0
Assistant Medical Officer 5 7 0 12 13 0 0 13
Assistant Dental Officer 1 0 0 1 1 0 0 1
Medical Assistant / Clinical Officer 21 21 64 106 15 10 22 47
Dental assistant / Dental therapist 1 7 0 8 2 0 0 2
Rural Medical Aid 0 0 0 0 0 0 1

Nursing Officer / Public Health Nurse A 10 7 0 17 22 4 0 26
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Nurse tutor

Trained Nurse/ Midwife/ Public Health Nurse B
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TOTAL STAFF

160
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w

362

Comments: We have shortage of staff of about 26% of all cadres

4. In-Patient Data
4.3 Special services

Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Major operations Number |Minor Number
operations

1. Laparotomy 36(1. 15
Evacuation

2. Caesarian Section 379|2. D&C 21
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3. Herniorrhaphy 42|3. 45
Circumcision

4. Hydrocelectomy 13|4. Reduction 48
of fracture

5. Tubal ligation 29|5. Surgical 57
toilet

6. Orchidectomy 0(6. Other 10

7.Amputation 1

8.Hysterectomy 5

9. Ophthalmologic 94

10. Other

Total 599|Total 196

Comments:

There was an increase of caeserian section from 287 in
2009 to 397 in 2010.

DISTRICT:LUSHOTO

YEAR: 2011

Table 2: Demographic indicators (from computer printout: "Additional Reports MTUHA") (from table D 1.6)
Total population 507.303

Growth rate 2,20% 11.161

Births (4.6%) 4,60% 23.336

Children <lyear (4.0%) 4,00% 20.292

Children <5 years (21%) 21,00% 106.534

Women 15-49 years  (18%) 18,00% 91.315
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2.1 Health facilities, infrastructure, equipment

Table 3: Health facilities per type and ownership and number of beds
(from computer printout: "Additional Reports MTUHA") (from FOO5 Part 1 and 4)

Type of facility Government HF Nr of beds NGO HF Nr of beds Private HF Nr of beds
Hospitals 1 109 1 120 0 0
Health centers 7 104 1 39 0 0
Dispensaries 34 0 9 0 1 0
TOTAL 42 213 11 159 1 0
Comments: One dispensary was increased from 32 to 33
Table 4: Availability of amenities in health facilities (from table D 2.4)
Availability of amenities Water Electricity Toilet Refuse Sewerage
pit/placenta pit

Nr of HF 53 40 53 53 9
% of HF 100 76 100 100 17
Comments: Hfacilities being connected to electric supply from TANESCO while 9 they are using solar power system.
Table 6: Availability of essential equipment in working order (from table D 2.1)

Equipment Adult scale Baby scale BP machine Delivery kit Fetoscope Fridge
Nr of HF with at least one 50 43 53 35 53 48
% of HF with at least one 94,34 81,13 100,00 66,04 100,00 90,57

Comments:

Only 35 (71%) out of 49 health facilies have delivery kits.

2.2 Human resources

Table 7 (a): District staff report — Only Government owned Institutions!

(from MTUHA Report Navigator: Reports — Resource Management — Annual Data — Staffing Data (from D0O01)
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Category

Requirement
(according to "Staffing Levels for Health Facilities/Institutions" from MOH)

Staff Available

Gov. Hospital / Gov. Rural Health | Gov. Dispen-saries Total Gov. Gov. Rural
CHMT Center Hospital / Health
CHMT Center

District Medical Officer 1 0 0 1 1 0
District Dental Officer 1 0 0 1 1 0
District Health Officer 1 0 0 1 1 0
District Nursing Officer 1 0 0 1 1 0
District Pharmacist 1 0 0 1 1 0
District Laboratory Technologist 1 0 0 1 1 0
District Health Secretary 1 0 0 1 1 0
Medical Doctor (incl. MO i/c) 2 0 0 2 1 0
Specialist Doctor 0 0 0 0 0 0
Dental Surgeon 1 0 0 1 0 0
Specialist Dental Surgeon 0 0 0 0 0 0
Pharmacist 2 0 0 2 0 0
Chemists 0 0 0 0 0 0
Assistant Medical Officer 7 7 0 14 13 0
Assistant Dental Officer 1 0 0 1 1 0
Medical Assistant / Clinical Officer 21 21 64 106 18 8
Dental assistant / Dental therapist 1 7 0 8 2 0
Rural Medical Aid 0 0 0 0 0 0
Nursing Officer / Public Health Nurse A

10 7 0 17 19 3
Nurse tutor 0 0 0 0 0 0
Trained Nurse/ Midwife/ Public Health Nurse B

38 63 64 165 29 20
MCH Aid 0 0 0 0 0 0
Medical Laboratory Technician 1 0 0 1 2 0
Radiographer 1 0 0 1 1 0
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Dental Technician 1 0 0 1 0 0
Optometry Technician 1 0 0 1 0 0
Orthopedic Technician 1 0 0 1 0 0
Physiotherapist 1 0 0 1 0 0
Chemical Laboratory Technician 0 0 0 0 0 0
Health Officer 6 7 0 13 3 3
Medical Records Officers 2 7 0 9 0 0
Pharmaceutical Technician 1 0 0 1 0 0
Launderers 4 0 0 4 0 0
Catering officers 0 0 0 0 0 0
Health Secretary 1 0 0 1 1 0
Mortuary Attendant 2 4 0 6 2 0
Medical Attendant 34 28 32 94 58 37
All other 23 30 0 53 9 7
TOTAL STAFF 169 181 160 510 166 78

4. In-Patient Data

4.3 Special services

Table 24: Surgical operations performed in District Hospital per type (from Theatre Register)

Major operations

Number

Minor operations

Number

1. Laparotomy 25|D&C 20
2. Caesarian Section 368[Reduction/pop 129
3. Herniorrhaphy 34|1&D 43
4. Hydrocelectomy 10| Excision 7
5. Tubal ligation 26| Dislouphing 70
6. Orchidectomy 0|S/Toilet & suturing 96
7.Amputation 3|FB removal 6
8.Hysterectomy 7|S/pin insertion 5
9. Ophthalmologic 136|Evacuation 21
10. Other 54]|0thers 610
Total 663| Total 987
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Comments:
There is slight reduction of caeserian section from 379 in (2010) to 368 (2011)
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Die Autoren des Artikels reichten am 03.03.2016 ein Erratum ein. Die Veroffentlichung erfolgte am 19.05.2016.

@'PLOS ‘ ONE

CORRECTION

Correction: Perioperative Care and the
Importance of Continuous Quality
Improvement—A Controlled Intervention
Study in Three Tanzanian Hospitals

Goetz Bosse, Wiltrud Abels, Ferdinand Mtatifikolo, Baltazar Ngoli, Bruno Neuner, Klaus—

Dieter Wernecke, Claudia Spies

There are errors in Tables 5 and 7. During review, the size of the control group was reduced

from three to two hospitals. Tables 5 and 7 were not completely updated to reflect this change.

Please see the corrected tables here.
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Table 5. Imnmediate outcome indicators for Preoperative Care in the Control Group 2009 to 2011.

Control group Preoperative Care

Was the patient seen by an anesthetist the day before
operation?

Did she/he document the anesthetic history?

Have contributing illnesses been documented?

Are allergies documented?

Are the necessary lab results documented (at least HB
and FBS)?

Did the patient get any form of premedication?
Was fasting ordered?
Did the patient sign a consent form?

overall score [%]

difference of scores
95% CI of differences

2009 t4 [%]

7/32 [21.9]

22/32 [68.8]
16/32 [50]
9/32 [28.1]

25/32 [78.1]

4/32 [12.5]
22/32 [68.8]
25/32 [78.1]

130/256
[50.8]

2010 t, [%]

0/24 [0]

0/24 [0]

0/24 [0]

0/24 [0]
8/24 [33.3]

0/24 [0]
3/24 [12.5]
14/24 [58.3]

25/192
[13.02]

2011 t5 [%]

0/24 [0]

0/24 [0]
20/24 [83.3]
0/24 [0]
16/24 [66.7]

0/24 [0]
13/24 [54.2]
14/24 [58.3]

63/192
[32.8]

p value
t—ts

0.012%]

<0.001%* |
<0.001%|
0.002%|
<0.001%|

0.116
<0.001% |
0.146
<0.001%|

0.3776

0.2956—
0.4505

p value
a3

:
<0.001%7
1
0.042%1

:
0.005%1
1
<0.001%]

-0.1979

-0.2781 —
-0.1147

p value
t -t

0.012%|

<0.001%|
0.012%7
0.002%|
0.375

0.116
0.282
0.146

<0.001%|

0.1797

0.0875—
0.2668

Immediate outcome indicators for Preoperative Care in the control group 2009-2011. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2), and 2011(t3) against 2009 (t1). Significant improvement was marked with *1, significant decline is marked with *| Confidence interval
was given for the differences of overall immediate outcome of the key procedure in 2009, 2010, 2011. Resulting from the correction of Table 5, the
following significant changes in immediate outcome indicators are new: significant improvement between t1 and t3 in “Have contributing illnesses been
documented?”; significant improvement between t2 and t3 in “Are the necessary lab results documented (at least HB and FBS)?” HB = hemoglobin
FBS = full blood survey; significant improvement between t2 and t3 in “Was fasting ordered”. The following result is not significant anymore after our

correction: no significant change between t1 and t2 as well as between t1 and t3 in “Did the patient sign a consent form?”

doi:10.1371/journal.pone.0156206.t001

PLOS ONE | DOI:10.1371/journal.pone.0156206 May 19,2016
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Table 7. Immediate outcome indicators for Postoperative Inpatient Care in the Control Group 2009 to 2011.

Control group Postoperative Inpatient Care 2009 t, 2010t 2011 t; p value p value p value
[%] [%] [%] ti—t -3 t -3
Are orders fulfilled? 3/4 [75] 2/4 2/4 1 1 1
[50.0] [50.0]
Are wounds dressed once a day? 2/4 [50] 2/4 2/4 1 1 1
[50.0] [50.0]
Does staff wash or disinfect their hands after contact? 3/4 [75] 0/4 [0] 0/4 [0] 0.143 1 1
Does staff adhere to hygienic procedures when in contact with 3/4 [75] 2/4 2/4 1 1 1
patients (when taking blood, putting up a drip etc.)? [50.0] [50.0]
Does staff document care? 3/4 [75] 2/4 2/4 1 1 1
[50.0] [50.0]
Is the input /output checked every 4 hours for the first 24 hours (in 17/34 [50] 6/18 19/26 0.379 0.014*7 0.11
case of major operation)? [33.3] [73.1]
Is absence of bleeding checked at least twice? 15/34 3/18 7/26 0.068 0.489 0.036* |
[44.1] [16.7] [26.9]
Is anti-pain medication applied? 34/34 17/18 26/26 0.346 0.409 n.a.
[100] [94.4] [100]
Does the patient have an (open) iv line? 27/34 18/18 26/26 0.081 1 0.081
[79.4] [100] [100]
Are notes and observation charts checked by Dr and documented 16/34 3/18 13/26 0.038*| <0.001*| <0.001*|
once a day? [47.1] [16.7] [50]
overall immediate outcome [%] 123/176 55/110 99/150 0.001*| 0.011 0.476
[69.9] [50] [66]
difference 0.1989 -0.1600 0.0389
95% CI of differences 0.0825— -0.2961 — -0.0618—
0.3102 -0.0389 0.1398

Immediate outcome indicators for Preoperative Care in the control group 2009-2011. Significance was tested 2010 (t2) against 2009 (t1), 2011 (t3)
against 2010 (t2), and 2011(t3) against 2009 (t1). Significant improvement was marked with *1, significant decline is marked with * | Confidence interval
was given for the differences of overall immediate outcome of the key procedure in 2009, 2010, 2011. Resulting from the correction of Table 7, the
following significant changes in immediate outcome indicators are new: significant decline between t1 and t2 in “Are notes and observation charts checked
by Dr and documented once a day?”.

doi:10.1371/journal.pone.0156206.t002

The following information is missing from the Funding section: GIZ Deutsche Gesellschaft
fiir Internationale Zusammenarbeit GmbH provided support in the form of grants to Dr.
Mtatifikolo.

The following information is missing from the Competing Interests section: Dr. Mtatifikolo
received grants from GIZ Deutsche Gesellschaft fiir Internationale Zusammenarbeit GmbH, a
commercial company, during the conduct of this study.
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