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ABSTRACT
Background: Post-operative patients experience surgery and anesthesia-related
morbidity of varying degrees which may lead to either planned or unplanned intensive
care unit (ICU) admission. There is increased demand for ICU care without
reciprocating increase in bed space thus demanding detailed pre-operative planning to
ensure the availability of ICU services when needed. Routine post-surgical ICU
admission, with debatable outcome benefit, contribute to limited bed space for
unplanned admissions who often have adverse outcomes. Moi Teaching and Referral
Hospital (MTRH) ICU admission protocol suggest routine admission for major
elective surgeries while the facility still experiences a high burden of unplanned
admissions.
Objectives: To describe and compare peri-operative adverse events among post-
surgical ICU admitted patients, determine risk factors associated with unplanned post-
operative ICU admissions and determine post-surgical ICU patient outcomes at
MTRH.
Methods: A prospective comparative observational study was carried out in MTRH
ICU from October 2021 to September 2022. A sample size of 352 participants, 176
participants in both planned and unplanned post-operative ICU admission type, who
underwent surgery at MTRH and were admitted to MTRH ICU post-operatively was
recruited through consecutive sampling. Patient treatment records and interviews with
the participant or their next of kin were used to collect patient and surgery-related data.
Participants were followed up while in ICU and up to 28 days after admission to ICU
in case they were discharged from ICU in less than 28 days to determine patient
outcome.
Results: The median patient age was 35 (IQR 19.5, 52) years with 205(58.2%) of
admissions being male. Majority of admissions were American Society of
Anesthesiologist (ASA) class III 176(50.1%) with a 27.3% overall comorbidity
incidence. Majority, 193(54.8%), had emergency surgery with neurosurgery as
leading admission specialty at 209(59.9%) of admissions. Pulmonary complications
were the leading indication for ICU admission, 128(36.4%), and occurred more
among unplanned admissions (P=0.001). The single commonest complication leading
to ICU admission was poor anesthesia reversal, 58(16.5%). Ear Nose and Throat
(ENT), maxillofacial, obstetric and orthopedic specialties (P=0.006), emergency
surgery (P=0.008) and post-operative complications (P<0.001) were associated with
unplanned admission. The median ICU length of stay was 3(IQR 2,5) days. In-ICU
mortality was 23.3% while 28-day mortality was 29.3%. Unplanned admission was
associated with mechanical ventilation, in-ICU and 28-day mortality, P<0.001.
Advanced age, emergency surgery and low pre-operative Glasgow coma scale (GCS)
were predictors of 28-day mortality (aOR>1).
Conclusion: Pulmonary and neurological complications are the commonest
complications leading to post-operative ICU admission in MTRH. ENT, maxillofacial,
obstetric and orthopedic specialties, type of surgery and time of complication are
associated with unplanned admission. Age, type of surgery and preoperative GCS are
predictors of 28-day mortality.
Recommendation: Surgeons and anesthesiologists to improve on pre-operative
evaluation to reduce incidence of unplanned admissions. Audit cases of poor reversal
of anesthesia in MTRH to identify areas of improvement. Use of age, surgery type
and pre-operative GCS in ethical dilemma when deciding probability of clinical
benefit from ICU admission
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OPERATIONAL DEFINITION OF TERMS
Critical care: Specialized patient care in a dedicated intensive care unit (ICU).
Planned post-operative ICU admission: Admission to ICU following confirmed bed
booking prior to surgery.
Unplanned post-operative ICU admission: Admission to ICU without confirmed
bed booking prior to surgery.
Peri-operative period: The immediate duration before and after surgery; in this study
this included the period from patient admission through surgery until discharge from
the hospital.
Patient outcome: Measure of patient morbidity and mortality; in this study this
included mechanical ventilation hours, length of ICU stay, condition at ICU discharge

and 28-day survival
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CHAPTER ONE: INTRODUCTION

1.1 Background Information

Post-surgical patients experience some degree of morbidity as a result of
physiological, endocrine, and inflammatory changes associated with tissue injury of
surgery and anesthesia-related complications (Rupert, 2011). This puts them at a high
risk of complications and adverse events that may require intensive care support.
These physiologic changes and associated complications may or may not be
anticipated pre-operatively leading to planned or unplanned post-operative admission
to intensive care unit (ICU) respectfully. Planned post-operative ICU admission
involves having a pre-booked ICU bed prior to surgery while unplanned post-
operative ICU admission occurs in an emergency manner where no ICU space had

been reserved for the patient prior to surgical procedure (Katori et al., 2022).

In the United Kingdom (UK), Pearse and others found an 8% incidence of post-
surgical ICU admission among non-cardiac surgery patients (Pearse et al., 2012).
Although the incidence of post-surgical ICU admission in Kenya and MTRH is not
known, the burden of post-surgical patients in ICU remains high. In Kijabe, a level 5
mission Hospital in central Kenya, approximately 50% of patients admitted to ICU
were post-surgical while in Moi Teaching And Referral Hospital (MTRH), the post-
operative ICU admission incidence proportion stands at 23.6% suggesting a high ICU
utilization by this patient group (Chao, Patel, Rosenberg, & Riviello, 2015; Lalani et

al., 2018).

Patients requiring ICU care may be at risk of rapid deterioration and even death
should the service be unavailable or even delayed. However, ICU facilities are

expensive to set up and operate with the average cost to a patient admitted in ICU



ranging from 52 to 87.5 USD per day, roughly 2 to 3 times the daily reimbursement
made by the commonest health insurance program in Kenya the National Hospital
Insurance Fund (NHIF) (Chao et al., 2015). As a result of the financial challenge in
setting up and running an ICU, the service is not universally available especially in
low- and mid-income countries. Covid 19 pandemic led to a significant strain of
critical care services across the world leading to increment of critical care beds and
health care workers, (Barasa, Ouma, & Okiro, 2020; Kovacevic et al., 2023).
However, anecdotal data on the ICU bed occupancy rate post covid 19 in MTRH still
remains high suggesting a persistent shortage of this critical resource despite the
perceived Covid 19 induced growth. This calls for patient targeted risk stratification
with consideration to patients comorbidities, surgical factors, and caregiver factors to
anticipate post-surgical ICU requirements and mitigate delays in utilizing the services

when needed (Cutuli, Carelli, De Pascale, & Antonelli, 2018).

Peri-operative adverse events refer to unintended events (complications) occurring in
the duration surrounding surgery (immediate pre-operative, intra-operative and
immediate post-operative) as a result of commission or omission by the medical team
during surgery and anesthesia that result in increased potential harm or physical harm
to the patient (Jung & Grantcharov, 2019). In a retrospective data review of 9288
abdominal surgeries, Bohnen and others observed an association between intra-
operative adverse events and unplanned post-surgical ICU admission, (Bohnen et al.,
2017). Age, surgery duration, general anesthesia, surgical specialty, and previous
anesthesia complication are easy to assess factors that have been associated with post-
operative adverse events and thus may be used to predict post-surgical ICU admission
pre-operatively (Protopapa, Simpson, Smith, & Moonesinghe, 2014; Quinn, Gabriel,

Dutton, & Urman, 2017; Seglenieks, Painter, & Ludbrook, 2014).



Different methods have been employed to risk stratify patients pre-operatively. The
commonest used method in surgery and anesthesia is the American Society of
Anesthesiology Physical Status (ASA PS). This scoring system categorizes patients
into 6 classes based on presence or absence of comorbidities. ASA 1 is a generally
stable patient without medical comorbidity while ASA VI is a brain dead patient
undergoing surgery for organ harvesting, (ASA, 2020). This scoring system has
however had mixed results in its usefulness to predict post-surgical ICU admission,

(Quinn et al., 2017; Seglenieks et al., 2014).

Post-anesthetic care units (PACU) are specialized care units in theatres that receive
patients immediately post-surgical for close monitoring and essentially provide
critical care service outside the general critical care unit (Simpson & Moonesinghe,
2013) which is considered standard of care in the immediate post-operative period.
Standard post anesthetic care unit is staffed with critical care trained nurses and has a
high nursing to patient ratio. The units have capacity to perform continuous electro
cardiac monitoring, continuous pulse oximetry, neuromuscular monitoring,
mechanical ventilation as well as easy access to ancillary services such as
physiotherapy, arterial blood gas analysis and radiology, (Glick, Holt, & Nussmeier,
2021; Simpson & Moonesinghe, 2013). However, the post anesthetic care unit may
not be universal with staffing and equipping differences across high-income to low-
income countries. During the period of stay in PACU, patients are assessed and
triaged by the PACU nurses under the guidance of anesthesiologist or intensivist
physician into either general ward, high dependency units (HDU) or intensive care
units. When a patient is triaged for HDU or ICU care and the required bed is not
immediately available, post-operative critically ill patients may then be managed in

PACU for a longer time awaiting bed availability. In MTRH, the PACU is staffed



with one nurse per shift and lacks capacity to offer critical care services such as
continuous electro cardiac monitoring and mechanical ventilation. As a result, when
ICU bed is not immediately available post-surgery, post-surgical patients requiring
critical care services in MTRH are managed in the operating rooms for a longer
duration awaiting bed availability (Lalani et al., 2018). While the reasons for the post-
surgical ICU bed unavailability in MTRH were not singled out, unplanned post-

surgical ICU admission requirements could play a major role.

Critically ill patients managed in operating rooms for long duration post-surgery
while awaiting ICU bed availability often miss the multi-disciplinary services of
critical care units such as early nutritional and physiotherapy care, review by
intensivist, critical care nursing, as well as delay in laboratory and radiological
investigation services thus delaying or even missing certain interventions.
Additionally, most anesthetic machines like the ones available in MTRH theatres,
though able to ventilate patients, have limited ventilator modes and thus make them
not ideal for prolonged post-operative mechanical ventilation as compared to ICU
ventilators. There is however conflicting evidence on the mortality benefit of early
post-operative ICU admission with those finding no benefit attributing it to some
PACU operations being similar to ICU operations (Bing-Hua, 2014; Zhou, Pan,
Huang, Yu, & Zhao, 2015). However, patient delay in PACU and operating rooms as
they await ICU bed availability adversely affects hospital operation by increasing
operating room holding time, which may lead to cancelation of surgical cases, as well
as increasing peak number of patients in PACU with overall reduction in productivity
and increase the cost of care (Samad, Khan, Khan, Hamid, & Khan, 2006; Tobi,
Osazuwa, & Enyi-Nwafor, 2013). Moreover, MTRH’s PACU lacks ventilatory

capacity and thus unplanned post-operative ICU admitted patients requiring



ventilatory support remain ventilated on anesthetic machines in the operating room
until an ICU bed becomes available thus blocking the utilization of the operating

room for more surgeries.

This study aimed to determine post-operative intensive care unit admission
determinants and compare patient outcomes among planned and unplanned post-

operative ICU admitted patients at Moi teaching and referral hospital.

1.2 Problem Statement

There is a markedly growing demand for intensive care services in the last two
decades due to increasing elderly population with multiple comorbidities as well as
advanced surgical and anesthesia techniques that have resulted in operation of very
sick patients that would have otherwise been un operable (Vincent et al., 2014).
However, the number and availability of critical care facilities have not reciprocated
the increase demand especially in low and middle-income countries (Murthy &
Adhikari, 2013). Utilization of this limited resource should therefore be guided on the
potentiality for clinical outcome benefit as admission of too sick to benefit or too well
to utilize patient groups may lead to futility of care. Routine admission of post-
surgical patients to ICU often strains this limited resource without necessarily
utilizing the resources (S. De Silva, Pathirana, Gunaratna, & Chandraguptha, 2019)
and may result in unavailability of ICU bed space for patients who require critical
care services in an unanticipated manner due to emergency surgery or complications

intra-operatively or post-operatively.

The debate on the benefit of routine post-surgical ICU admission among high-risk
surgical patients remains unsettled. While Jhanji and others found benefit in outcome

among elective non-cardiac surgery high-risk patients admitted to ICU post-



operatively (Jhanji et al., 2008), Kahan showed that ICU admission offered no
survival benefits in elective high-risk surgical patients (Kahan et al., 2017). The
MTRH ICU admission protocol, appendix 1, suggests routine post-surgical ICU
admission for some major elective procedures which may contribute to the filling of
ICU bed capacity with debatable outcome benefit leaving no room for unplanned
post-surgical admissions or cancellation or elective cases awaiting availability of ICU

space which may lead to deterioration of their surgical condition.

Unplanned post-operative ICU admissions contribute significantly to ICU morbidity
and mortality with 37.3% admission and 1.4 times mortality compared to anticipated
post-operative admission (Bhat, S, & S, 2006). While the post-operative ICU admitted
patients’ outcomes at MTRH are undocumented, Lalani and others noted that some
post-operative critically ill patients in MTRH are managed in the operating suite
suggesting an unanticipated need for ICU care (Lalani et al., 2018) that has been

associated with poor outcomes elsewhere.

MTRH’s PACU operates as a high dependency unit (HDU) with continuous
noninvasive monitoring but lacks ventilatory and invasive monitoring capacity.
Unplanned post-operative ICU admitted patients who require ventilatory support,
therefore, remain ventilated on an anesthetic machine in the operating room until an
ICU bed is available. Patients who remain ventilated post-surgically in the operating
rooms in MTRH however lack the services of critical care doctors and nurses and may
also experience delay in appropriate laboratory and radiological investigations and
review which may adversely affect their outcomes. Although negative outcomes have
not been documented among post-surgical patients retained in theatre awaiting ICU
bed space availability, due to most PACUs operating as fully pledged ICU, retaining

critical post-surgical patients in operating rooms has been associated with an increase



in operating room holding time thus reducing theater productivity and increasing cost

(Samad et al., 2006; Tobi et al., 2013).

The American Society of Anesthesiologists physical status (ASA) risk stratification
scoring is the predominantly applied method worldwide for pre-operative assessment
of surgical and anesthetic risk. This scoring system, ASA score, has however had
contradicting information on its usefulness in predicting adverse events and the need
for intensive care service post-operatively. While Quinn and others found a significant
association between high ASA score and post-operative ICU admission, Seglenieks
and colleagues found no statistically significant association between ASA score and
adverse events in PACU or ICU admission post-operatively (Quinn, Gabriel, et al.,

2017; Seglenieks et al., 2014).

1.3 Study Justification

The debate on outcome benefit and resource utilization in routine post-surgical ICU
admitted patients remains unsettled while unplanned post-operative ICU admissions
contribute the most to ICU morbidity and mortality. The study aimed to describe peri-
operative adverse events and determine risk factors associated with unplanned post-
surgical ICU admissions in MTRH. Proper understanding of factors associated with
peri-operative complications will help augment anesthetists’ clinical acumen in peri-
operative risk stratification thus reducing the rate of both unplanned and routine post-
surgical ICU admissions. Minimizing unplanned and routine post-surgical ICU

admissions will improve ICU resources utilization and post-surgical outcomes.

Critical care service provision is resource intensive and therefore universally
unattainable with unplanned and routine post-surgical admissions straining the

already limited resource. The study aimed to describe post-surgical ICU admissions



and patient outcomes. This will guide post-surgical ICU admission policy

development and resource allocation by the MTRH hospital management.

Pre-operative risk prediction models help caregivers to anticipate risk and thus
presumptively prepare for management. Current pre-operative models are however
ineffective in predicting post-operative ICU admission despite the high risk posed by
unplanned post-operative ICU admission and underutilization of resources by routine
post-operative ICU admissions (Stones & Yates, 2019; Tomlinson & Moonesinghe,
2016). The findings of this study will guide future studies to develop a post-surgical
ICU admission prediction model in MTRH which, when applied, will minimize

unplanned and routine post-operative ICU requirements.

1.4 Research Questions
1. What are the peri-operative adverse events among post-operative ICU

admitted patients at MTRH?

2. What are the risk factors associated with unplanned post-surgical ICU
admission at MTRH?

3. What are the outcomes (incidence of mechanical ventilation, mechanical
ventilation duration, ICU length of stay, ICU mortality and 28-day mortality)

of post-operative ICU admitted patients at MTRH?



1.5 Research Objectives
1.5.1 Broad objective

To describe post-operative intensive care unit admission and patient outcomes at Moi

Teaching and referral Hospital.

1.5.2 Specific objective
1. To describe peri-operative adverse events among post-operative ICU admitted

patients at MTRH.

2. To determine risk factors associated with unplanned post-surgical ICU

admission at MTRH.

3. To compare patient outcomes among planned and unplanned post-operative

ICU admitted patients at MTRH.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

Surgery, by its nature, involves the disruption of bodily tissues, and the body responds
to this trauma with various physiological changes. These changes can include
alterations in blood pressure, heart rate, and other vital signs as the body attempts to
maintain homeostasis. Surgical stress also triggers the release of stress hormones like
cortisol and adrenaline. These hormonal changes can have widespread effects on
metabolism, immune function, and other physiological processes. For safe surgery to
occur, a patient is normally given a form of anesthetic medication. The anesthesia
administered to induce pain relief and hypnosis during surgery can have side effects
or complications of its own. These may include post-operative nausea and vomiting,

respiratory related complications, and allergic reactions to anesthesia drugs.

In a clinical data review among non-cardiac surgery patients, Rupert and others
observed that post-surgical patients experience some degree of morbidity as a result of
physiological, endocrine, and inflammatory changes associated with tissue injury of
surgery and anesthesia related complications. These complications range from minor
consequences such as pain to fatal complications such as pneumonia and myocardial
infarction. The survivors of these complications may experience functional limitations
and or reduced long term survival. The complications are a result of a complex
interplay between surgical and patient factors such as age and comorbidities. He
observed that high-risk patients contribute to 80% of surgical mortalities and therefore
better pre-operative identification may play a key role in improving peri-operative
care. Patient management through this period, therefore, plays a key role in recovery
(Rupert, 2011). This observation underscores the importance of comprehensive peri-

operative care and the need for healthcare teams to be vigilant in monitoring and
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managing patients both during and after surgeries to minimize post-surgical morbidity

and optimize patient outcomes.

Peri-operative morbidity and mortality can be significantly influenced by the
occurrence of adverse events during the peri-operative period. The peri-operative
period encompasses the time before, during, and after surgery, and it is a critical
phase of a patient's care. Adverse events that occur in this peri-operative window can
have a direct impact on patient outcomes. A peri-operative adverse event may be
described as any occurrence, either surgical or anesthesia related, that cause or leads
to a deviation from the ideal desired surgical course from skin incision to closure. The
events rage from patients who develop mild symptoms or no symptoms to peri-
operative mortality (Gawria et al., 2022). Surgical adverse events include bleeding,
infection, organ damage, or technical errors, and can directly increase morbidity and
mortality rates. These complications may necessitate additional surgeries or
treatments. Other adverse events may be associated with anesthesia administration,
including allergic reactions, medication errors, or complications like respiratory
distress, leading to a significant impact on patient safety and outcomes. Some adverse
events may be related to the patient's pre-existing health conditions, allergies,
medication interactions, or comorbidities. These factors can therefore increase the risk

of complications during surgery and the recovery period.

In a multi-center prospective study in Morocco, Meziane and his colleagues
underscore the importance of recognizing the link between adverse events during the
peri-operative period and post-surgical unplanned admissions to critical care units.
This association indeed has significant implications for various aspects of patient care,
including morbidity, mortality, and finances. Peri-operative complications contributed

to a 10.8% incidence of unplanned post-operative ICU admission. The common
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surgical related complications were found to be major intra-operative bleeding and
post-operative peritonitis at 24% and 13.3% rates respectively. Anesthesia related
complications were mainly cardiovascular intra-operatively and respiratory in the

recovery period (Meziane et al., 2017).

Unplanned post-operative ICU admission may be defined as any post-surgical ICU
admission that had not been anticipated before surgery and therefore no critical care
bed had been reserved for the patient prior to commencing the surgery. This often
occurs as a result of complications occurring either intra-operatively, in the immediate
post-operative period while the patient is in the post anesthetic care units (PACU) or
even days post-operatively while in the post-surgical wards. Unplanned post-operative
ICU admission is indeed considered a significant quality indicator in the fields of
surgery and anesthesia. It is often used as a measure of patient safety, surgical
outcomes, and the effectiveness of peri-operative care. The validation of unplanned
post-operative ICU admission as a quality indicator reflects its importance in

assessing the quality of surgical and anesthesia services. (Katori et al., 2022).

Monitoring and tracking unplanned ICU admissions may thus help healthcare
institutions and providers identify potential areas for improvement in patient safety
protocols and peri-operative practices. It encourages a proactive approach to
preventing complications. The rate of unplanned post-operative ICU admissions can
also be used to evaluate surgical outcomes and anesthesia management. A lower rate
of unplanned ICU admissions is generally considered a positive indicator of
successful peri-operative care. It's important to note that while unplanned post-
operative ICU admission is a valuable quality indicator, it should not be viewed in
isolation. Other factors, such as patient characteristics, the complexity of surgical

procedures, and the presence of comorbidities, can also influence the need for ICU
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admission. Therefore, a comprehensive assessment of surgical outcomes and patient

safety should consider multiple indicators and factors.

Critical care units are resource intensive establishments equipped with advanced
medical technology, including ventilators, monitoring devices, and life support
equipment. Acquiring and maintaining these resources can be financially challenging
for countries with limited healthcare budgets. Critical care units also require highly
trained and specialized healthcare professionals, such as intensivists, critical care
nurses, and respiratory therapists. A shortage of skilled personnel can hinder the
proper functioning of ICUs. Training opportunities have however remained to be
unequally distributed in different settings with high income countries having more
trained staff per population compared with low- and mid-income countries. While
there has been an increase in the capacity for intensive care in recent years, many
regions still struggle to adequately implement and sustain these resource-intensive
critical care units, resulting in high hospital bed to ICU bed ratios. (Murthy &

Adhikari, 2013).

2.2 Surgical and anesthetic risk assessment

Clinical judgement alone may not be adequate in predicting peri-operative adverse
outcome. As such, risk assessment and stratification tools before surgery have been
widely applied with the aim of determining group or individual risk vs. benefit of the
planned surgical intervention. A delicate balance of the risk vs. benefit then informs
the role of surgery as well as guiding targeted interventions within the peri-operative
period. Those stratified as high risk may benefit from interventions such as pre-
operative optimization, post-operative respiratory support and admission to critical
care among other interventions. Different risk assessment methods, risk scores and

risk prediction models, have been used with different risk predicting capacities. Risk
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scores use weighted factors identified as independent predictors of surgical outcome
such as age, sex, medical history, genetic markers, and other clinical data with sum of
the weightings forming a score that allows comparison with other patients. Although
most risk scores are simple to use, their main disadvantage is in their inability to
provide individualized risk prediction. On the other hand, risk prediction models
estimate individuals’ probability of risk. They are however complex thus hindering
their use in routine clinical practice. However, none of the currently applied risk
stratification methods is 100% predictive of adverse events (Stones & Yates, 2019;
Tomlinson & Moonesinghe, 2016). Despite this limitation, risk stratification methods
are valuable tools for healthcare professionals and other decision-makers to make
more informed choices. However, it's essential to use these methods alongside clinical

judgment and consider them as probabilistic rather than deterministic predictions.

The American Society of Anesthesiology physical status (ASA-PS) scoring system
uses patient comorbidities and perceived functional capacity to stratify anesthesia and
surgical risk. It is used to assess a patient's overall health and physical condition
before undergoing anesthesia and surgery. The ASA-PS classification system
categorizes patients into one of six categories based on their medical status and

comorbidities:

e ASA-PS Class I: A normal healthy patient with no systemic diseases or
comorbidities. This category represents the lowest risk.

e ASA-PS Class II: A patient with mild systemic disease or a well-controlled
comorbidity, such as controlled hypertension, controlled diabetes, or mild
asthma. These patients are at a slightly higher risk than Class I.

e ASA-PS Class III: A patient with severe systemic disease or a poorly

controlled comorbidity that limits daily activities. Examples include poorly
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controlled hypertension, diabetes with end-organ damage, or moderate to
severe chronic obstructive pulmonary disease (COPD).

e ASA-PS Class IV: A patient with severe systemic disease that is a constant
threat to life. These patients have a high risk of complications. Examples
include patients with unstable angina, advanced heart failure, or severe
respiratory failure.

e ASA-PS Class V: A moribund patient not expected to survive without surgery.
This category is reserved for patients in critical condition who are undergoing
surgery as a last resort.

e ASA-PS Class VI: A declared brain-dead patient whose organs are being

removed for transplantation.

This scoring system is commonly applied in risk stratification pre-operatively due to
its simplicity but as with other risk score systems it has had mixed results in its
usefulness in predicting post-surgical ICU admission due to its inability to provide
individualized risk. In a retrospective single center study in a University hospital in
Minnesota, Lupei and others reported a significant association between ASA score
and ICU outcome measures such as length of ICU stay, mechanical ventilation, and
the number of end-organ damage (Lupei, Chipman, Beilman, Oancea, & Konia,
2014). The ASA-PS classification system, while valuable for assessing a patient's
overall health and guiding anesthesia and surgical decisions, may not be a perfect
predictor of an individual's risk of Intensive Care Unit admission post-surgery. The
need for ICU admission after surgery may be influenced by a variety of factors,
including but not limited to the type of surgery, the patient's specific medical

conditions, and potential complications that may arise during or after the procedure.
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The ASA-PS score primarily assesses a patient's pre-operative health status but does
not take into account all the variables that can influence post-operative outcomes.
Factors such as the complexity of the surgery, the patient's age, the presence of
specific comorbidities, the surgeon's skill, and the quality of intra-operative care can
all contribute to the likelihood of ICU admission post-operatively. In a retrospective
analysis of data from national anesthesia clinical outcome registry, Quinn and others
found a significant association between high ASA score and unplanned post-operative
ICU admission. However, in a prospective observational study, Seglenieks and
colleagues found no statistically significant association between ASA score and
adverse events in PACU or ICU admission (Quinn, Gabriel, et al., 2017; Seglenieks et
al., 2014). While the ASA-PS score provides valuable information about a patient's
pre-operative health status, it is only one piece of the puzzle. Anesthesiologists,
surgeons, and healthcare teams consider multiple factors when making decisions
about post-operative care, including the need for ICU admission. They assess each

patient individually and tailor their care plans accordingly.

Surgical outcome risk tool (SORT) was developed on a wide range of surgical patient
population to predict 28-day mortality among non-cardiac surgery and non-
neurological patients. The SORT risk stratification system takes into account six pre-

operative variables:

1. American Society of Anesthesiologists Physical Status (ASA-PS Score): As
discussed earlier, this score assesses a patient's overall health status and
comorbidities.

2. Urgency of Surgery: The urgency or acuity of the surgical procedure can be an
important factor in predicting outcomes. Emergency surgeries may carry a

higher risk than elective procedures.
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3. Surgical Specialty: The type of surgical specialty or subspecialty can influence
the complexity of the procedure and the associated risks. Different specialties
have different mortality rates.

4. Severity of Surgery: This variable considers the complexity and extent of the
surgical procedure. More extensive surgeries may carry a higher risk.

5. Cancer Diagnosis: Patients with cancer may have different risk profiles due to
their underlying disease and the potential for complications related to cancer
treatment.

6. Age: Age is an important factor in predicting surgical outcomes, as older

individuals may have a higher risk of complications.

SORT uses these pre-operative variables to stratify patients into different risk
categories, allowing healthcare providers to better assess the potential risks and
benefits of surgery for an individual patient. It can help inform clinical decision-
making, guide discussions with patients about their surgical options, and assist in

planning for post-operative care.

This model has been associated with high discrimination for 28-day post-surgical
mortality with the area under the receiver operating curve of 0.82 and 0.96 for
hepatobiliary and head and neck surgery patients respectively (Protopapa et al., 2014).
Although the model uses simple easy to obtain pre-operative variables, the inclusion
of ASA physical status introduces user variability in the scoring and the exclusion of
neurological patients, who form majority of postoperative ICU admitted patients in

MTRH, make SORT unpopular in our setting.

Respiratory complications form one of the major reasons for admission to ICU post-

surgically. The Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT)
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risk index is the commonest used model to predict respiratory complications post-
surgically. It was developed to assess the risk of post-operative pulmonary
complications (PPCs) in non-cardiothoracic surgical patients. The ARISCAT risk
index includes various pre-operative and intra-operative variables, such as age, pre-
operative oxygen saturation (SpO2), surgical procedure type, and respiratory
infection, to estimate the risk of developing respiratory complications like pneumonia,
atelectasis, and acute respiratory distress syndrome (ARDS) (Canet et al., 2010).
However, while the ARISCAT risk index provides valuable information for assessing
the likelihood of respiratory complications, its direct applicability to predicting ICU
admission after surgery is limited as it has not been specifically validated for

predicting post-surgical ICU admission.

A new tool, the score for prediction of post-operative respiratory complication
(SPORC-2), to predict the risk of early post-operative re-intubation has been
developed. It takes into account pre-operative and intra-operative variables to identify
patients who may be at increased risk of requiring re-intubation shortly after surgery.
SPORC-2 includes various factors and clinical variables to estimate the risk of

respiratory complications that may necessitate re-intubation, such as:

e Pre-operative Factors: These may include patient characteristics like age,
comorbidities, and functional status.

e Intra-operative Factors: These factors assess events and conditions during the
surgery itself, such as the type and duration of surgery, the use of certain
anesthetics, and the occurrence of specific intra-operative events.

e Airway Factors: SPORC-2 considers aspects related to the airway

management during and after surgery.
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By evaluating these variables, SPORC-2 aims to provide an estimate of the likelihood
that a patient may experience early post-operative respiratory complications that could
lead to re-intubation and potentially require admission to the ICU for respiratory
support. This tool was found to have a good discriminative capacity, the area under
receiver curve 0.75 (Lukannek et al., 2019). The tool has however not been externally
validated and its use in predicting unplanned ICU admission is limited by the

inclusion of intra-operative variables.

The Physiological and Operative Severity Score for the Enumeration of Mortality
(POSSUM) and its modified version, the Portsmouth POSSUM (P-POSSUM), are
widely used risk prediction tools in surgery. They are designed to predict the 28-day
mortality rate following surgery by taking into account various physiological and
operative variables. The original POSSUM scoring system includes 12 physiological
variables and six operative variables. The P-POSSUM modification of the scoring
system was developed to improve the accuracy of risk prediction, especially in the
context of elective surgery. P-POSSUM incorporates an additional variable, "time of
surgery," which takes into account the time of day when the operation is performed,
as it can influence outcomes. Tomlinson and others found P-POSSUM to have a
moderate to high discriminative ability in predicting post-surgical mortality.
However, it tends to overestimate surgical risk among low-risk patients and its use in
the pre-operative risk stratification is limited by its use of surgical variables
(Tomlinson & Moonesinghe, 2016). Whilst P-POSSUM is comprehensive and well
validated, it doesn’t predict morbidity and the use of surgical parameters limits its use

in pre-operative decision making.
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The Surgical Apgar Score (SAS) is a simple and quick scoring system used to predict
post-operative complications and mortality in surgical patients. It allocates points to

patients based on three intra-operative parameters:

e Surgical Blood Loss: The amount of blood loss during surgery is assessed on a
scale from 0 to 3 points, with 3 indicating minimal blood loss and 0 indicating
severe blood loss.

e Lowest Intra-operative Heart Rate: The lowest recorded heart rate during
surgery is evaluated on a scale from 0 to 4 points, with 4 indicating a stable
heart rate and 0 indicating a very high heart rate.

o Lowest Intra-operative Mean Arterial Pressure (MAP): The lowest recorded
MAP during surgery is scored from 0 to 3 points, with 3 indicating a stable

MAP and 0 indicating a very low MAP.

Each parameter is scored independently, and the points are summed to calculate the
SAS score, which can range from 0 to 10. A lower SAS score indicates a greater
degree of physiological stress and potential complications during surgery, (Gawande,
Kwaan, Regenbogen, Lipsitz, & Zinner, 2007). The SAS was developed as a quick
and straightforward tool to provide a rough estimate of a patient's risk for post-
operative complications and mortality. It is based on the concept that intra-operative
factors like blood loss, heart rate, and blood pressure can be indicators of the surgical
stress and the patient's physiological response to surgery. The SAS has been
associated with outcomes such as post-operative complications, length of hospital
stay, and mortality, (Nair, Bharuka, & Rayani, 2018). In a prospective study in
Taiwan among all surgical specialties, Lin and others found that a lower SAS was
strongly associated with ICU admission post-surgically with adjusted OR, 5.21; 95%

CI 2.49-10.88; P < 0.001 (Lin, Chen, Yang, & Su, 2021). However, this scoring
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system is applied intra-operatively and is therefore not be useful in reducing routine

and unplanned post-surgical ICU admissions.

Lack of reliable pre-operative risk stratification method has led to unanticipated
adverse events in the peri-operative period necessitating changes in the plan of
management. Pre-anesthetic risk stratification in MTRH is user dependent with the
application of ASA scoring system predominating. However, there is no documented
evidence on the impact of the diverse pre-anesthetic risk stratification in MTRH nor
the burden of unplanned post-surgical ICU admission. Lalani and colleagues however
noted that in some instances, critically sick patients in MTRH end up being managed
in the operating suite which may suggest a high burden of unplanned post-surgical

ICU admission (Lalani et al., 2018).

The significance of proper pre-operative risk stratification in determining post-
surgical care has been amplified by evidence of adverse outcomes among patients
who develop intra- and post-operative adverse events with subsequent admission to
ICU. A delicate balance is therefore required to minimize both routine and unplanned

post-surgical ICU admission to improve patient outcomes and minimize cost.

2.3 Peri-operative adverse events leading to post-surgical ICU admission

2.3.1 Introduction

Peri-operative adverse events refer to unintended events (complications) as a result of
commission or omission by the medical team during surgery and anesthesia that result
in increased potential harm or physical harm to the patient (Jung & Grantcharov,
2019). In a retrospective data review of 9288 abdominal surgeries, Bohnen and others
observed an association between intra-operative adverse events and unplanned post-

surgical [CU admission. The occurrence of a surgical adverse event (accidental bowel
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puncture or laceration) was found to be associated with post-operative complications
such as deep surgical site or organ infection (OR = 1.94, 95% CI 1.20- 3.14), P =
0.007), and sepsis (OR = 2.14, 95% CI 1.32-3.47, P = 0.002) with resultant strong
link with ventilator dependence odds ratio (OR) of 3.88 95% CI 2.17-6.95, P<0.001,
(Bohnen et al., 2017). A similar association between adverse events and unplanned re-
intubation and with subsequent ICU admission has been described among
neurosurgical patients. In a data base review of 18,642 patients who had underwent
craniotomy for brain tumor resection with 2.3% re-intubation rate, Icy and others
found a significant association between intra-operative adverse events and unplanned
intubation post-surgery. Among patients who underwent unplanned re-intubation,
76.4 % had experienced a peri-operative adverse event compared with 7.6% re-
intubation in the control (no peri-operative adverse event) group, P<0.001 (Icy et al.,

2020).

The association between adverse event occurrence and unplanned post-operative ICU
admission is stronger with major adverse events, those with more significant clinical
impact and better reported by surgeons, compared with minor adverse events. In a
prospective study of 9292 surgical patients from different specialties in which 181 had
confirmed peri-operative adverse event, Kaafarani and colleagues observed that
having a major adverse event was associated with ventilator dependence with OR of
3.2 95% CI, 1.2-8.9; P=0.22 (Kaafarani et al., 2014; Peponis et al., 2018). Adverse
events may therefore be considered surrogate markers of patient safety during
surgery. The relationship between adverse events and patient safety may however

vary based on the type of surgery, patient population, and other contextual factors.

Common peri-operative adverse events associated with post-surgical ICU admission

range from cardiovascular, respiratory, and neurological complications. These include
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hypotension, arrhythmia, major blood loss, cardiac arrest, major respiratory
compromise from prolonged apnea, laryngospasm pulmonary embolism and failed
intubation, and sudden or prolonged reduction in the level of consciousness due to
poor reversal of anesthesia, new CVA, or prolonged/repeated seizure (Meziane et al.,

2017; Wanderer et al., 2013).

In a teaching hospital in Mumbai, Bhat and others observed that respiratory and
cardiac adverse events were the main contributors to unplanned post-surgical ICU
admission in adults at 47.4% and 27.6% respectively. Among respiratory adverse
events, hypoventilation due to respiratory fatigue was the commonest complication
while other causes included airway obstruction, difficulty intubation, and pneumonia.
Cardiac adverse events were mainly prolonged hypotension with ionotropic use and
arrhythmias (Bhat et al., 2006). The study however excluded patients admitted to ICU
more than 48 hours post-surgery, a period during which a complication could still be
directly associated with surgery and anesthesia. The exclusion of routine and planned
post-surgical ICU admissions in this study left a major group of surgical patients
contributing to surgical ICU morbidity and resource burden and therefore calls for a
more inclusive study to better understand peri-operative surgical complications and

ICU admissions.

Among pediatric population in a university affiliated tertiary institution, Silva and
colleagues found a strong association between occurrences of airway abnormality
(odds ratio 16.2, 95% confidence interval 2.65-99.6), anesthetic factors (odds ratio
5.8, 95% confidence interval 1.06-32.2), and intraoperative desaturation (odds ratio
7.4, 95% confidence interval 1.21-46.24) with unplanned post-operative ICU
admission (P. S. L. Da Silva, De Aguiar, & Machado Fonseca, 2013). However, the

study was carried in a highly specialized pediatric hospital where surgeries and
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anesthesia were carried out by pediatric surgeons and anesthesiologists and therefore
the findings may not be generalizable in our setting. The study also excluded patients
admitted to ICU 48 hours after surgery, potentially excluding candidates whose
reason for ICU admission could be directly linked to surgery and anesthesia. In a
similar setting, Bell and colleagues identified emergency surgeries, upper airway
complications such as airway obstruction and surgeries involving shared airway and
patient comorbidities to be associated with post-surgical ICU admission (Gibson,

Limb, & Bell, 2014).

2.3.2 Cardiovascular complications

Hypotension refers to decrease in systemic blood pressure below acceptable values
leading to insufficient blood flow to vital organs, potentially causing organ
dysfunction. While there are no standard accepted values for hypotensive blood
pressures, blood pressure <90/60 mmHg has been considered low (Sharma, Hashmi,
& Bhattacharya, 2021). In the peri-operative period, hypotension may be caused by a
number of factors such as long fasting duration, anesthetic medications,
administration of less fluids, excessive blood loss and or infection. Intra-operative
exposure to low blood pressures has been linked with adverse post-surgical outcomes.
Sessler and colleagues found that intra-operative exposure to mean arterial pressures
<65 mmHg was associated with myocardial infarction, renal injury, and death. the
extent of intra-operative hypotension (low blood pressure during surgery), the
duration of exposure to low blood pressures and the percentage decrease from
baseline play significant roles in determining the severity or adversity of intra-
operative hypotension.  (Sessler & Khanna, 2018). However, the study relied on
precisely measured pressure and pressure variations using invasive arterial blood

pressure transducers. This accurate way of measuring blood pressure is not routinely
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used in anesthesia and therefore hypotensive episodes during surgery are often
missed. The non-routine investigation for myocardial injury post-operatively may also

contribute to failure to document such association in many setups.

In an adult tertiary institution in Australia, Pertersen and others observed a strong
relationship between hypotension in the Post Anesthesia Care Unit (PACU) and
subsequent patient deterioration in the ward after elective non-cardiac surgery
highlighting the potential clinical significance of blood pressure management during
the peri-operative period. The study found a 3.08 relative risk of hypotension and
patient deterioration and an OR of 21.13(5.17-86.38) P<0.001 for unplanned transfer
to ICU among patients who developed hypotension (Petersen et al., 2017). However,
the study covered elective surgeries only in which patients are well optimized pre-
operatively and therefore the association might be higher with inclusion of more
unstable emergency surgery patients. In this study, the researcher did not specify the
level of blood pressure relative to the baseline patient pressures or the duration of

exposure to the low blood pressures making his findings non-replicable.

Among general surgery and orthopedic surgery patients in a metropolitan hospital in
Australia, Mohammed and others observed that hypotension was the major
contributor to emergency calls post-surgery at 26% of all rapid response team calls.
Though the level of hypotension was not specified, the study found no association
between the development of hypotension post-surgery and unplanned transfer to ICU
in this patient group (Mohammed Iddrisu, Considine, & Hutchinson, 2018). However,
the study only focused on the post-operative period leaving out intra-operative period

when more catastrophic hypotension is likely to happen.
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To address the varying study definitions of hypotension in literature and the level at
which hypotension is associated with adverse outcome, Wesselink and colleagues
undertook a systematic review of 42 studies showing association of hypotension and
adverse events post non-cardiac surgery. In this review, the researchers demonstrated
that any exposure to mean arterial pressure of less than 55-50mmHg or exposure to
mean arterial pressure of less than 65-60mmHg for more than 5 minutes was
significantly associated with end-organ injury and increased morbidity with either OR
or RR of between 1.4 to 2.0 (Wesselink et al., 2018). It however remains difficulty to
harmonize literature finds due to various methods of monitoring blood pressure intra
and post-operatively.

Hypotensive patients in the immediately post-operative period may therefore require
intensive care to enable institution of vasopressor support. ICU care in these patients
allows close monitoring to help determine the need for intravascular volume
expansion by way of intravenous fluid administration as well as early identification of

complications that may arise due to hypotension.

Intra-operative major bleeding is a major complication of surgery and is associated
with adverse outcomes including death. In a data review of peri-operative adverse
events, Irita and colleagues found that massive hemorrhage was responsible for 33%
of cardiac arrest and 47% of deaths in the peri-operative period. Although some cases
of major bleeding where the indication for the surgery, 1/3 of major hemorrhage was
caused by the surgical procedure (Irita, 2011). Despite the significance of hemorrhage
in surgery, to date no universally agreed definition of critical hemorrhage exist. While
the Korean society of anesthesiology define massive bleeding as loss of blood
exceeding circulating blood volume within 24 hours or blood loss exceeding 150 ml

per minute, Gonzalez and others define major bleeding as any bleeding that if not
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properly managed will put the patient at risk (Gonzalez-Rivas et al., 2016). Among
obstetrics and gynecology patients, major intra-operative bleeding is defined as blood
loss of more than 1000 ml of blood (“Management of hemorrhage in gynecologic
surgery - UpToDate,” n.d.). This great variance in definition poses a challenge in

comparing literature on this topic.

In a defense tertiary institution intensive care unit in India, Singh and others found
that intra-operative major bleeding occurred in 24% of patients with unplanned post-
operative ICU admission compared to 9% occurrence among the planned post-
operative ICU admission group (Singh, Datta, Sasidharan, Tomar, & Babitha, 2019).
This study defined major bleed as blood loss more than 1000 ml and excluded
pediatric patients in order to minimize bias due to their different physiology. Among
patients undergoing elective arthroscopy, Sukhonthaman and colleagues found an
association between major bleeding and unplanned ICU admission with an OR of
1.002 (1.001, 1.003) P<0.001 (Sukhonthamarn, Grosso, Sherman, Restrepo, &
Parvizi, 2020). Intra-operative blood loss is however often a subjective entity with
different practitioners using different methods to determine or estimate blood loss.
Jaramillo and others found that the different formulae used to estimate blood loss
differ substantially with direct measurement of blood loss (Jaramillo et al., 2019)
raising the question of whether estimated blood loss reflects the actual intra-operative
blood loss.

Patients who experience major bleeding intra-operatively require ICU admission in
order to fast track transfusion services. Major intra-operative bleeding may require
massive transfusion and this often presents high risk for transfusion related

complications such as transfusion reactions and electrolyte disturbances. Monitoring
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for these complications as well as preparation to manage them in case they occur

therefore necessitates the need for intensive care in these patients.

Intra-operative cardiac arrest is a rare but highly catastrophic event in surgery. The
European resuscitation council reported an overall incidence of intra-operative cardiac
arrest of 4.3 to 34.6 per 10,000 procedures in 2015 with an associated 30% 28-day
mortality (Truhlar, Deakin, Soar, & al., 2015). In a database review, Nunnally and
others reported 1 cardiac arrest per 1000 procedures with intracranial procedures
contributing the highest incidence of cardiac arrest (Nunnally, O’Connor,
Kordylewski, Westlake, & Dutton, 2015). Intra-operative cardiac arrest poses an
increased risk for unplanned post-operative ICU admission with poor outcome. In a
multicenter retrospective study, Quinn and colleagues found an incidence of 21.3 and
66.5 per 10,000 procedures in spine and craniotomy surgeries respectively. Patients
who experienced intra-operative cardiac arrest with associated unplanned post-
operative ICU admission were was associated with a higher likelihood of failure to
wean from ventilators and higher mortality rates (Quinn, Brovman, Aglio, & Urman,
2017). The study however recruited patients up to 30 days post-operatively potentially
influencing outcome variables by events occurring post-surgery. Icy and colleagues
found similar findings in a prospective study among neurosurgical patients. Intra-
operative cardiac arrest occurred in 8.88% of patients who had unplanned ICU
admission compared to 0.14% in the planned ICU admission group, P<0.001 (Icy et
al., 2020).

Due to the events that led to cardiac arrest as well as the possibility of cardiac arrest
related complications such as brain hypoxia, myocardial infarction and acute kidney
injury among others, post cardiac arrest patients require close monitoring in critical

care units. The post-arrest heart often requires some form of ionotropic support that
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can best be given in cardiac unit or ICU but considering the immediate post-surgical
care requirement, such patients are best admitted to critical care units. These patients
are also at risk of a recurrence of an arrest and thus benefit from continuous cardiac
monitoring.

2.3.3 Peri-operative electrolyte imbalances

Peri-operative electrolytes imbalances play a key role in determining patient
outcomes. The imbalances may be a direct result of the primary pathology
necessitating surgery or iatrogenic during patient resuscitation prior to or during
surgery. In a tertiary care hospital in Thailand among patients with traumatic head
injury undergoing emergency craniotomy, Pathomporn and others found an increased
likelihood of death in patients with hyperglycemia, acidosis and sodium imbalance.
High intra-operative glucose was associated with an odds ratio of death of 1.08 CI
(1.01-1.03) P<0.01 while sodium imbalance had an odds ratio of dying of 1.23 CI
(1.03-1.46) P<0.01. There was however no statistically significant association
between potassium imbalance and death (Pathomporn, Saringkarinkul, Yodying,
Kacha, 2018). This study however focused on emergency surgery only and all
participants had severe head injury, an independent predictor of mortality in traumatic

head injury.

In tertiary hospital in Atlanta among non-cardiac surgery patients, peri-operative
hyperglycemia was found to be associated with hospital length of stay and in-hospital
mortality. Significant increase in mortality was found among non-diabetics with
hyperglycemia either pre or post-operatively while hyperglycemia peri-operatively

did not significantly affect mortality among diabetics (Frisch et al., 2010).
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A secondary analysis of the European surgical outcome study, that recruited a
heterogeneous population, revealed significant incidence of sodium imbalance among
pre-operative non-cardiac surgery patients with 23.8% and 14.9% incidences of
hyponatremia and hypernatremia respectively. Patients with pre-operative
hyponatremia had a 3-fold increase in likelihood for ICU admission post-operatively
while hypernatremia increased the chance for post-operative ICU admission 5-fold.
Moderate to severe hypernatremia were independent predictors of in-hospital

mortality with odds ratio of 3.4 (95% CI 2.0-6.0), P<0.001(Marshall et al., 2017).

However, among patients undergoing high risk laparotomy for intestinal obstruction
or perforated viscous, neither sodium or potassium imbalances were found to be
associated with 28-day complications. In this population, electrolyte disorders linked
to adverse outcomes included hypochloremia and hyperlactatemia. Hyperlactatemia
was found to be associated with increased risk of major complications and death with
odds ratio of 4.39 CI 1.42, 15.3, P=0.013 and odds ratio 2.44 CI 1.24, 4.92, P=0.010
in intestinal obstruction and perforated viscous respectively. In the subgroup with
intestinal obstruction, hypochloremia was associated with major complications and
death with odds ratio of 2.87 CI 1.35, 6.23, p= 0.006 (Cihoric, Kehlet, & Hgjlund,

2017).

Since electrolytes form a key component in physiological homeostasis, severe acute
derangements in electrolyte levels require critical care management. Significant
imbalances in potassium, magnesium and calcium levels can trigger hemodynamically
significant arrythmias and even cardiac arrest. Such patients therefore require
continuous electro cardiac monitoring in ICU. Significant sodium imbalances have
been associated with mental obtundation due to sodium effect of fluid balance in

different fluid compartments in the body. These imbalances thus require well titrated
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correction with close patient monitoring, an indication for ICU admission. Severe
acidosis require intervention in the critical care unit. While the management of severe
respiratory acidosis requires assisted ventilation, severe metabolic acidosis require
keen evaluation and close monitoring to determine need for alkali administration

things that are better managed in ICU set up.

2.3.4 Neurological complications

Peri-operative neurological adverse events have been associated with ICU admissions
and adverse post-operative patient outcomes. Patients who undergo surgery under
general anesthesia undergo three phases of anesthesia; induction, maintenance and
reversal/ emergence from anesthesia. This type of anesthesia (general anesthesia)
often includes muscle paralysis intra-operatively to facilitate manipulation of patient
airway and providing optimum surgical condition for the surgeon. Emergence from
general anesthesia, traditionally thought to be a mirror of induction, is a complex
phenomenon involving not only pharmacokinetic characteristics of anesthetics used
but also complex distinct neurobiology, (Max kelz, Paul garcia, George mashour,
2019; vijay tarnal, Philips vliseded, 2016). Patient characteristics such as but not
limited to genetic composition, physiological and pathological status may thus
influence the smoothness and rapidity of the emergence phase of anesthesia.
Inadequate reversal of muscle relaxants may also contribute to delayed and poor
emergence from anesthesia. Presence of residual neuromuscular blockade may be
determined clinically or by use of a nerve stimulator. The use of clinical signs, though
having acceptable specificity, has low sensitivity compared to use of nerve stimulator
and the latter is therefore considered the gold standard in diagnosis of residual
neuromuscular block, (Plaud, Debaene, Donati, & Marty, 2010). Inadequate reversal

of the muscle relaxation as well as prolonged non-smooth emergence from general



32

anesthesia, often referred to as poor reversal of anesthesia, may result in patient’s
inability to control their airway and need thus for prolonged intubation or re-

intubation in the post-operative period.

In a tertiary hospital in Boston, Grabitz and others found a 20.5% incidence
proportion of inadequate reversal of neuromuscular blockade, as evidenced by
residual neuromuscular block. Patients with inadequate reversal of neuromuscular
block had a higher likelihood of post-operative ICU admission with odd ratio of 3.03
(95% CI 1.33-6.87) P<0.01. However, the study did not find association between poor
reversal of anesthesia and length of hospital stay or patient outcomes (Grabitz et al.,
2019). Similar residual neuromuscular blockade incidence proportions were found in
Spain by Aragon and colleagues. However, their study did not establish association
between poor reversal and post-operative ICU admission (Aragon-Benedi et al.,
2022). Similarly, high rates of inadequate emergence from anesthesia were reported in
post anesthetic care units in Portugal and Iran, 32% and 20.3% respectively. These
patients with poor reversal of anesthesia were significantly associated with critical
respiratory events though the studies did not follow up to identify the final disposition

of the affected patients, (Braga & Abelha, 2022; Makarem et al., 2020).

Regional and neuraxial anesthesia may also present with neurological complications.
In this form of anesthesia, patients’ specific nerves or groups of nerves are blocked to
provide a pain free and conducive environment for surgery. Nerve blocks of the upper
limb, especially interscalene nerve block, have been associated with paralysis of the
phrenic nerve that is crucial for breathing. Blocking of the phrenic nerve may result in
difficulty breathing and subsequent respiratory failure leading to unplanned post

operative ICU admission. Other regional anesthesia complications that may result in
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post-operative ICU admission include local anesthetic systemic toxicity (LAST)

which include but not limited to cardiac arrest.

In a case series study, Spitzer and others reported three cases of post-operative ICU
admission in one year due to Interscalene nerve block complications with respiratory
insufficiency, (Spitzer et al., 2021). Although the cases were few in this study, several
case reports have been documented in literature. Use of ultrasound guidance while
performing this procedure has also contributed to a reduction in the incidence of such

complication.

Central neuraxial anesthetic technique such as spinal block has also been associated
with complications that may lead to unplanned post-operative ICU admission. This
technique works by blocking the autonomic nervous system at the spinal cord. In
some cases, the drugs used have been reported to settle high above the expected level
resulting in blockage of the sympathetic arm of the autonomic nervous system that
arises in thoracic and lumber levels of the spine. High level of central neuraxial block
may then result in either high spinal or total spinal. Though rare complications of
spinal anesthesia, high and total spinal, present with severe hemodynamic instability
and respiratory failure and catastrophic decline in level of consciousness, (Asfaw &

Eshetie, 2020).

Cerebral vascular accidents may occur intra-operatively and in the immediate post-
operative period due to the dynamic cardiovascular changes associated with
anesthesia and surgery. The occurrence of a cerebral vascular accident in the peri-
operative period has been linked to ICU admission as well as adverse patient
outcomes. In a retrospective study of cardiac surgery patients in Royal Papworth

Hospital (United Kingdom), patients with post-surgical cerebral vascular accident
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were found to have a longer ICU stay of 8.0 days vs 1.1 days P<0.001 and high in-
hospital mortality of 17% vs 5.9% P<0.001 (Karunanantham, Ali, Evans, Webb, &
Large, 2020). In the united states of America, Kashkoush and colleagues found new-
onset cerebral vascular accident among patients undergoing cerebral aneurysm
clipping to be associated with longer ICU length of stay {average 9.89 + 2.26 days for
patients with new-onset stroke and 6.22 &+ 0.72 days for patients without (p = 0.004)}

(Kashkoush et al., 2017).

Cerebral vascular events are often associated with reduced level of consciousness and
the need for advanced airway management to prevent or minimize the risk of
aspiration pneumonia. These patients may also require invasive hemodynamic
monitoring and thrombolysis in cases of thrombotic vascular event. To help improve

the outcomes of such patients, intensive care is therefore inevitable.

Intra-operative convulsion has well been documented in literature. In cases of patients
under general anesthesia, the epileptiform movements are often masked by muscle
relaxation and thus these events are rarely documented. However, in the presence of
intra-operative electro encephalogram (EEG) monitoring, several cases of intra-
operative convulsion have been reported with a 1 in 200 cases incidence of seizures in
propofol conducted anesthesia reported, (Howe, Lu, Thompson, Peterson, & Losey,
2016). The occurrence of these events alters the brain metabolic rates and oxygen
requirements and if not aborted in good time, such patients may require post-operative

ICU admission due to reduced level of consciousness post-operatively.

2.3.5 Respiratory system complications
The respiratory system is among body systems most affected by anesthesia. In general

anesthesia, once a patient is medically put to sleep, a muscle relaxant is often
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administered which results in total shut down of the respiratory system. The work of
breathing is then taken over by the anesthesiologist either manually or through a
ventilator and this requires a lot of airway manipulation including but not limited to
tracheal intubation. Due to the anesthetic as well as extensive manipulation of this
system, it is thus prone to varied complications both intra- and post-operatively.
Respiratory complications are indeed a significant concern following surgery, and
they are one of the major reasons for admission to the Intensive Care Unit (ICU) post-

surgically. These complications can range from mild to severe and may include:

o Atelectasis: Atelectasis is the collapse or closure of a part of the lung. It can
occur after surgery, especially if a patient is not taking deep breaths or
coughing effectively due to pain or sedation.

e Pneumonia: Surgical patients may be at an increased risk of developing
pneumonia, particularly if they are intubated (placed on a ventilator) during
surgery. Ventilator-associated pneumonia is a concern in ICU settings.

e Pulmonary Embolism: Blood clots in the lungs, known as pulmonary
embolisms, can be a serious complication of surgery, especially in surgeries
with a risk of deep vein thrombosis (DVT). Patients undergoing
instrumentation of long bones may also experience embolism of a fat globule
into their lungs, fat embolism.

e Respiratory Failure: In some cases, patients may experience respiratory
failure, where the lungs cannot provide enough oxygen or remove enough
carbon dioxide from the blood. This can be life-threatening and often requires

ICU admission and mechanical ventilation.
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e Acute Respiratory Distress Syndrome (ARDS): ARDS is a severe form of
lung injury that can occur as a complication of surgery, particularly in cases of

trauma or major surgeries.

The broad classification of post-operative pulmonary complication has faced varied
definitions in literature which may at times lead to under or over diagnosis. Post-
operative respiratory complications have high incidence of up to 23% following major
surgeries with respiratory failure as the commonest diagnosed respiratory
complication post-operatively and have been associated with increased post-surgical

morbidity and mortality (Miskovic & Lumb, 2017).

Post-surgical pulmonary complications remain a key determinant of unplanned ICU
admission post-operatively. In an academic institution in the United States, Fernandez
and colleagues reported a direct association between the number of post-operative
pulmonary complications and ICU admission among non-cardiothoracic surgery
patients. In this study, the common pulmonary complications post-operatively
included, desaturation and atelectasis. Pulmonary complications were more likely to
occur among patients with chronic obstructive pulmonary disease (COPD) and those
undergoing abdominal pelvic surgery (Fernandez-Bustamante et al., 2017). However,

this study did not stratify admission to ICU based on pre-operative bed booking.

Literature concerning unplanned post-surgical ICU admission also places respiratory
complications as major indication for [CU admission, (Bhat et al., 2006; Katori et al.,
2022). Despite significant difference in the study population in these studies, Katori
and colleagues included all specialties while Bhat and friends excluded cardio-

thoracic and neuro surgery, abdominal surgeries were commonly associated with
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respiratory complications while hypoxia remained the commonest respiratory

complication.

Patients who develop respiratory complications intra and post-operatively may require
a long duration before complete restoration of their physiology and pose a 14 — 30%
mortality risk and thus often require some form of respiratory support, (Miskovic &
Lumb, 2017). The severe respiratory complications thus require admission to critical
care units for assisted ventilation and monitoring in the immediate post-operative

period.

2.4 Risk factors associated with unplanned post-operative ICU admissions.

Identification of patients, surgical and anesthetic characteristics associated with
unplanned post-surgical ICU admission is critical in improving the planning of patient
care and resource allocation. Following the introduction of a multi-disciplinary clinic
to risk stratify patients pre-operatively, Coll and others found a statistically significant
reduction in post-surgical unplanned ICU admission, 1.3% to 0.4% P<0.01, among

orthopedic surgery patients (Coll et al., 2011).

Age has been postulated to be a key independent risk factor for unplanned post-
operative ICU admission (Quinn, Gabriel, et al., 2017; Wanderer et al., 2013). The
extreme of ages, neonates and geriatrics, are generally considered high risk category
due to their unique physiologic characteristics that affect their response to stress.
However, there is a great variance in the age limit when this factor becomes
statistically significant. While Bhat and others found age >60 years to have higher
rates of post-operative ICU admission independent of other variables (Bhat et al.,
2006), age was shown to be a non-independent factor for post-operative ICU

admission following non-cardiac surgery in Spain (Nadal et al, 2018). Among infants,
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prematurity and age <6émoths were significantly associated with unplanned post-

surgical intubation, P<0.001 (Lisa Eisler, May Hua, Guohua, Lena Sun, 2019).

The American Society of Anesthesiologists (ASA) Physical Status Classification
System is a widely used system to assess a patient's overall health before undergoing
surgery or anesthesia. It was developed by the ASA to provide a simple, practical, and
standardized way for anesthesiologists to communicate the pre-operative health status
of patients. This risk stratification system puts into account the presence or absence of
a systemic disease to a patient and classifies patients to ASA class I to VI based on
severity of the disease. Generally in literature, patients with ASA classification of >III
have been shown to carry a higher risk of ICU admission post-operatively
independent of other factors (Kim et al., 2019; Landry et al., 2017; Onwochei, Fabes,
Walker, Kumar, & Moonesinghe, 2020). However, ASA class II, who are considered
to be otherwise stable predominated among patients with unplanned post-operative
ICU admission (Singh et al., 2019; Vijay Singh & Shibu Sasidharan, 2020). Despite
its simplicity and ease of use for communication purposes, it is important to note that
this classification is subjective and may be influenced by the judgment and experience
of the anesthesiologist.(Ferrari et al., 2020; Hurwitz et al., 2017). The stratification
method has also been designed to stratify patient population and may therefore not be

reliable in individualized risk stratification.

With advancement of surgical techniques and medical technology, different surgical
specialties and sub-specialties have emerged. This advancement has led to varied
patient and surgical procedure characteristics presenting to the operating room thus
presenting a peri-operative care challenge to both the surgeon and the
anesthesiologist. The contribution of surgical specialty to unplanned postoperative

ICU admission has however remained uncertain in literature. While Quinn and others
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found that vascular and thoracic surgery formed the majority of unplanned post-
surgical ICU admission by surgery type (Quinn, Gabriel, et al., 2017), Bhat found
abdominal surgery topping unplanned post-surgical ICU admission by surgery type
(Bhat et al., 2006). On the other hand, Vijay found gynecologic and obstetric
procedures to lead to unplanned post-surgical ICU admission (Vijay Singh & Shibu
Sasidharan, 2020) with Petersen finding no significant association with surgery type
and complexity to unplanned post-operative ICU admission (Petersen Tym et al.,
2017). These findings should however be interpreted cautiously since the researchers
did not match the patient and other surgical characteristics across the different
surgical specialties.

General anesthesia, surgery duration, and emergency surgeries have been consistently
associated with the risk of unplanned post-operative ICU admission (Landry et al.,
2017; Petersen Tym et al., 2017). However, no consensus on the duration cut point for
such association with Quinn getting association with duration of >4 hours (Quinn,
Gabriel, et al., 2017) while Laundry found an association with surgery duration of >1

hour (Landry et al., 2017).

The composition of surgical and anesthesia teams plays a key role in patient surgical
outcome. While individual health provider skill capability may differ among those
considered to be of the same level of training and experience, it is generally expected
to have better outcomes among the more trained and experienced providers compared
to their juniors. However, the debate on the contribution of surgical and anesthesia
team composition on unplanned post-surgical ICU admission remains unsettled.
Landry and colleagues reported a reduced risk of unplanned post-surgical ICU
admission in pediatric surgical procedures done by surgical and anesthesia residents

alone compared with those with the attending consultant present with OR of
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0.44(0.23-0.83) P=0.012 (Landry et al., 2017). This finding was similar to findings by
Wanderer and others that unplanned post-surgical ICU admission was likely to
happen with surgeon and anesthetist hands-off OR 2.01(1.59-2.75) P<0.001 and
1.77(1.64-1.90) P<0.001 respectively (Wanderer et al., 2013). However, in Kenyatta
National Hospital, Mungai found that surgery carried by surgery and anesthesia
registrars in the absence of the respective consultants increased the risk of unplanned
post-operative ICU admission (Mungai, 2011). These studies did not factor
complexity of the surgical procedures and surgical type (emergency or elective),

factors that have been documented to have significant effect of patient outcome.

Medical comorbidities have been associated with intra-operative adverse events and
unplanned postoperative ICU admission. Chronic Obstructive Pulmonary Disease
(COPD) is a respiratory condition characterized by airflow limitation, and individuals
with COPD may have reduced lung function, making them more vulnerable to
respiratory complications after surgery. Patients with COPD may therefore present an
increased risk of complications following surgery, and unplanned post-operative ICU
admission can be one such complication. The increased risk is often related to pre-
existing respiratory impairment, increased susceptibility to infections and risk of
intra-operative exacerbation among other factors. COPD has been identified as an
independent risk factor for unplanned post-operative intubation with an OR of
1.66(1.32,2) P<0.001 following lung resection (Burton, Khoche, A’Court, Schmidt, &
Gabriel, 2018) and OR 1.61(1.46,1.78) following vascular and general surgery (Nafiu

etal., 2011).

Diabetes mellitus (DM), is an endocrine disorder presenting with abnormalities in
glucose utilization due to either insulin deficiency or resistance to insulin. Diabetes

can affect various organ systems, and surgical stress can exacerbate these effects,
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leading to potential complications. Particularly, DM patients may present with non-
specific symptoms for cardiovascular diseases including asymptomatic myocardial
infarction. These masked disorders may then be exacerbated by surgical stress
resulting in peri-operative complications that may require ICU care. DM patients are
also at increased risk of delayed wound healing and infections due to immune
suppression. While Nafiu and colleagues found no association between diabetic
Mellitus and unplanned post-operative intubation, OR 1.07(0.98,1.21),
Sukhonthamarn found DM to have a significant association with unplanned post-
operative ICU admission, OR 1.01(1.008, 1.014) P<0.001 (Nafiu et al., 2011;
Sukhonthamarn et al., 2020). Seglenieks and others found hypertension and heart
failure to be associated with peri-operative adverse events (Seglenieks et al., 2014).
2.5 Patient outcomes among post-operative ICU admitted patients

Patient outcomes among post-operative Intensive Care Unit admitted patients can
vary widely and depend on a multitude of factors, including but not limited to the type
of surgery, the patient's underlying health status, the reason for ICU admission, the
quality of post-operative care, and any complications that may arise. Key outcome
measures in ICU include duration of mechanical ventilation, the length of ICU stay,

survival at ICU discharge and 28-day mortality.

The length of stay (LOS) in the Intensive Care Unit is a significant metric in
healthcare that can have various implications and serve as an important measure of
patient care and resource utilization. This outcome may be influenced by a number of
factors such as severity of disease at admission, quality of care while in ICU and
occurrence of complication. The significance of type of ICU admission on duration of
ICU stay with unplanned admissions remains debatable. In the international surgical

outcome study (ISOS), among low- and middle-income countries, Kahan and others
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found that unplanned post-surgical ICU admissions had a longer ICU stay with a
mean admission duration of 4.2 days (SD 5.3) vs. 2.3 days (SD 3.5) (Kahan et al.,
2017). This finding was similar to the finding by Pearse and colleagues that
unplanned post-surgical ICU admission had a longer length of stay in ICU, 3 days vs.
1 day (Pearse et al., 2006). Haller and colleagues also found an increased length of
stay among unplanned post-surgical ICU admissions compared with planned
admissions 16 days vs. 2 days, P<0.001 (Guy Haller et al., 2005). However, Kahan
and colleagues observed a longer ICU duration of stay among routine post-operative
ICU admission compared to complication-induced post-operative ICU admission
following elective surgery (Kahan et al., 2017).

Intensive Care Unit admission for observation is a medical practice where certain
patients are admitted to the ICU not necessarily because they require immediate
intensive interventions or life support but rather for close monitoring and evaluation.
Patients with planned post-surgical admission to ICU are more likely to be admitted
for observation compared to the unplanned group. Vijay and others reported ICU
admission for observation in 58.8% of planned admission compared with 28.3% in the
unplanned group. Mechanical ventilation, an ICU specific intervention, was found to
be high among the planned admission group compared with the unplanned group
30.3% vs 26.1% P<0.05 (Vijay Singh & Shibu Sasidharan, 2020). However, Quin and
others reported a great risk of re-intubation and ventilation among unplanned post-
surgical ICU admissions compared with planned admissions with OR 282(250-318)

among the unplanned group (Quinn, Gabriel, et al., 2017).

The practice of routine post-operative ICU admission has been a topic of discussion
and research in the medical community, and its benefits and necessity can vary

depending on several factors, including the type of surgery, patient characteristics,
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and healthcare resources. Research findings on the mortality benefits of routine post-
operative ICU admission have been mixed. Routine post-operative ICU admission
was found to confer no mortality benefits among patients with pheochromocytoma
(Papachristos et al., 2021) while selective post-operative ICU admissions post supra-
glotoplasty in the pediatric population reduced ICU utilization from 71% to 26%
(P<0.001) with no changes in outcome measures (Cooper, Harris, Mourad, 2017).
However, unplanned post-operative ICU admission has been associated with poor
patient outcomes with three times mortality among unplanned post-operative

admissions compared to planned post-operative admissions (Pearse et al., 2006).

The international surgical outcome study found three times mortality among the
unplanned ICU admission compared to planned admissions patient group, 9.7% vs.
2.4%. This finding is similar to the finding by Pearse and others of 28.6% vs. 10.1%
mortality among unplanned ICU admission patient group compared with planned ICU
admission (Pearse et al., 2016; Pearse et al., 2006). The higher mortality among
unplanned admissions was attributed to higher complication rates among this patient
group as surgical complications have been linked to high mortality. A multicenter
study on post-surgical patient outcomes globally found a 16.8% post-surgical
complication rate and 2.8% mortality among those who developed complications
(Pearse et al.,, 2016). In Africa, 18.5% of post-surgical patients developed
complications with a 16.3% ICU admission rate and associated 9.5% mortality among
those who developed complications post-surgery (Biccard et al., 2018) pointing to a
higher mortality rate following surgical complications. However, Wanderer and
colleagues reported no difference in both in-hospital and 28-day mortality between

unplanned and planned post-surgical ICU admission, 5.6% vs 6% P=0.248 and 7.0%
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vs 8% P=0.847 in hospital and 28-day mortalities respectively (Wanderer et al.,

2013).

2.6 Conceptual framework
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Figure 2.1: Conceptual framework




45

CHAPTER THREE: METHODOLOGY

3.1 Study setting

The study was carried out in MTRH; the second largest National Teaching and
Referral Hospital (level 6 Public Hospital) in Kenya with a general patient bed
capacity of 1020, a 17-bed mixed general ICU, and a 6-bed neonatal ICU (NICU).
MTRH has a multi-specialty surgical department with specialists in general surgery,
pediatric surgery, obstetrics and gynecology, cardio-thoracic, neurosurgery,
maxillofacial, Ears Nose and Throat (ENT), orthopedics and spine among other
specialties. MTRH operating theatre boasts of 12 operating rooms with four and eight
operating rooms dedicated for emergency and elective surgeries respectively during
the day Monday to Friday while three operating rooms manage emergencies during
the night, weekends and holidays. The hospital serves as the Teaching Hospital for
Moi University College of Health Sciences that trains both Undergraduate Medical
Students and several masters in Medicine Specialist programs including

anesthesiology and several surgical specialties.

MTRH is located along Nandi Road in Eldoret Town and serves residents of the
Western Kenya Region (representing at least 22 Counties), parts of Eastern Uganda,

and Southern Sudan with a catchment population of approximately 24 million.

3.2 Study design

This was a prospective comparative observational study.

3.3 Target population
The target population for the study were all patients from any surgical specialty

undergoing surgical procedures, either elective or emergency, in MTRH.
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3.4 Study population

The target population was subjected to study eligibility criteria to determine the study
population.

Inclusion criteria;
» Adult and pediatric patients who underwent surgery at MTRH and
were admitted to MTRH ICU post-operatively, as per MTRH ICU
admission guidelines, within their current hospital admission duration.

Exclusion criteria;

» Post-operative patients operated in MTRH and admitted to MTRH ICU
but transferred within their ICU admission to ICU in other facilities to
avoid bias on outcomes as a result of the difference in patient care in
different facilities.

» Patients who died shortly after decision to admit to ICU had been
made, before recruitment into the study, while either in operating
room, hospital ward or in ICU to avoid psychological trauma to next of
kin in the process of consenting.

» Patients whose pre-operative review and decision to admit to ICU post-
operatively was made by the principal investigator to minimize bias as

the researcher would influence patient placement in a particular study

group.

3.5 Sample size determination

The study aimed at comparing patients' outcomes among planned and unplanned post-
operative ICU admissions in MTRH. The researcher compared, among other outcome
parameters, the length of hospitalization in ICU as one of the main outcomes. In the

multi-center international surgical outcome study (ISOS), the mean length of ICU stay
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in low and mid-income countries (Brazil, China, Indonesia, Malaysia, Romania,
South Africa, Nigeria, and Uganda) was found to be 2.3 + 8.3 days and 4.2 + 9.7 days
for planned and unplanned post-operative ICU admission respectively (Kahan et al.,
2017). Assuming the length of ICU stay follows a normal distribution in the
population, the sample size was then determined using the formula for comparison of
means as described by Kelsey and colleagues (Jennifer Kelsey, Alice Whittemore,
Alfred Evans, 1996).

r+1 O'Z(Zp +Za/2)2

n=( - >
r (difference)

Where:

n = is the total sample size

r = is the ratio of planned to unplanned ICU admissions (=1, based on anecdotal

findings of MTRH )

o = is the standard deviation in the population taken as the average of the two

standard deviations(c =9)

Z =is the critical value for the desired power (Type Il error § = 0.2, Zp =0.84)

Z2= is the critical value for standard normal distribution at a-level of significance

(Type I error a= 0.05, Za2=1.96)

difference = is the expected effect size (the difference in means = 1.9 days)

Substituting for the above figures, the minimum sample size required to detect a mean
difference of 1.9 days was 352. Since ration of planned to unplanned admission was
taken as one, 176 patients were recruited in each group (planned and unplanned post-

operative ICU admissions).
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3.6 Sampling technique

A consecutive sampling technique was applied in this study.

3.7 Study procedure

PACU records were used to identify patients whose decision to admit to ICU was
made following triage in PACU post-surgery. The ICU admission register was used to
identify patients whose decision to admit to ICU post-surgery was made pre-
operatively or intra-operatively and were therefore admitted to ICU directly from the
operating room or those admitted to ICU following a complication while in the post-
surgical wards. Eligibility for ICU admission was the sole responsibility of the
attending clinician as per MTRH ICU admission criteria, appendix 1, as the researcher
observed variables without influencing the type of ICU admission (planned or

unplanned). Patient file was used to confirm that surgery was done at MTRH.

Patients admitted to ICU that met the study eligibility criteria were recruited to the
study by administering informed consent, appendix 2, to them while admitted in the
ICU in cases where the participant was conscious enough to offer informed consent or
to their next of kin /guardian in cases where the participant was not conscious enough
to offer informed consent or in cases of minors. Following signing of consent by a
participant or their next of kin / guardian, patients’ records were then be used to
extract information on risk factors and peri-operative adverse events (complications)
and the type of ICU admission (planned or unplanned) into a data collection form,
appendix 3. Missing data from the patient record was reconciled for completeness by

interviewing the participant or their next of kin/ guardian.

The study participants were then followed up while in the ICU to determine their

duration of ventilation in hours (for those that were mechanically ventilated), length
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of ICU stay in days and condition at discharge from ICU (either discharged alive or
died in ICU). Participants whose length of ICU stay was 28 or more days also had
their twenty-eight-day survival determined while in ICU and their follow up
terminated at the day of discharge from ICU. However, participants that were
discharged from ICU in less than 28 days were followed up via phone calls to them or
to their next of kin either while in the general post-surgical wards or at home for a
maximum duration of 28 days since the date of ICU admission to determine their

twenty-eight-day survival.

3.8 Data management and analysis plan

The data collected in paper form was checked for completeness daily by the
researcher. The filled data collection forms remained in the custody of the researcher,
in a secured cabinet under lock and key. On a monthly basis, data entry was done by
the researcher into an electronic data base, MS Access database. Double data entry
was done to ensure accuracy. The data was stripped off the patient identifiers, and the
database encrypted to prevent unauthorized access. The decryption key was in the
sole possession of the researcher. Backup for the data was done using external data
drives to cushion against data loss. These data drives were kept in an off-line CPU to

guard against data breach by viruses or hacking.

Data was imported into STATA 16, after the end of data collection and entry of data
from the 352 study participants, where coding, management, and analysis was done.
Continuous variables such as age, surgery duration, ventilation hours, and length of
ICU stay were summarized as means and their corresponding standard deviation if
they assumed normal distribution else as medians and their corresponding
interquartile range. Categorical variables such as type of anesthesia, surgery type,

surgical specialty, ASA classification, comorbidities, type of ICU admission, twenty-
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eight-day survival, peri-operative adverse event, and condition at discharge from ICU

were summarized by percentages and cross-tabulation.

Proportions were calculated to determine the incidence proportion of unplanned post-
operative ICU admission and a 95% confidence interval constructed. Peri-operative
adverse events contributing to unplanned post-operative ICU admission were

summarized as frequencies and corresponding proportions.

Cross-tabulation was done to assess the factors associated with unplanned post-
operative ICU admission. Test of association like Chi-square and Fisher's exact test
were done at a bivariate level while logistic regression was performed at multivariate

level.

Chi squire test or Fisher's exact test was applied to compare the type of ICU
admission and 28-day survival and condition at discharge from ICU. T-test or
Wilcoxon test was done to compare average ventilation hours and length of ICU stay
between types of ICU admission. All statistical analyses were carried out at a 5%

level of significance.

After data entry and analysis, the data collection forms were kept in a safe cabinet
under a lock and the key kept by the researcher. They will then be destroyed five

years after the defence of this thesis by the researcher.

3.9 Ethical considerations

Approval from MTRH/Moi University Institutional Research and Ethics Committee
(IREC) was sought before conducting the study, approval number FAN:0004008 and
permission to collect data in MTRH was sought from the MTRH CEO and approval
given via a letter ref ELD/MRTH/R&P/10/2/V.2/2010, appendix 6 and 7 respectively.

Permission for data collection was also sought and granted by the National
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Commission for Science, Technology & Innovation (NACOSTI) through license
number NACOSTI/P/22/20903, appendix 8. Informed consent was also obtained from
the participants or their next of kin/guardians. Data collection forms have been stored
in locked cabinets since beginning of data collection and will remain locked until five
years after the defence of this thesis by the researcher when they will be destroyed.

Participants' identifiable details were de-identified before analysis of the data.

3.10 Study limitations

There are no standard timelines in literature determining when adverse events
following surgery can be directly attributable to the surgical procedure and or
anesthesia. The study findings may therefore not be precisely comparable with other
studies due to variance in recruitment timelines in literature. For this study, patients
were recruited if they were admitted to ICU post-surgery within their admission

hospital stay duration.

The findings of this study had a risk of being influenced by selection bias as the
researcher used consecutive sampling technique. Being a comparative study, the
allocation of patients to a specific group would have posed the highest bias. To
minimize this bias, the researcher did not influence the decision to admit post-surgical
patients to ICU or decision to pre-operatively book ICU bed for surgical patient.
When the principal investigator was directly involved in pre-operative decision to
post-operatively admit a patient to ICU, the patient was excluded from participating in
the study. The rest of the research information was observational and participating in
the research did not change standard of care and thus researcher involvement in ICU

care of the patient did not influence outcomes.
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CHAPTER FOUR: RESULTS

4.1 Introduction

The findings of this study are based on 352 patients who were admitted in MTRH
ICU post-operatively between October 2021 and September 2022. The study had an
aim of comparing length of hospitalization in ICU as one of the main outcomes,

among other outcomes, between planned and unplanned admissions.

4.2 Participants’ characteristics

Participants’ age ranged from 0.5 year to 97 years with a median age of 35 (IQR 19.5,
52) years. Planned admission had relatively lower median age of 34 (IQR 19, 51)
years compared to unplanned admissions 35 (IQR 20.5, 55) though the difference was
not statistically significant (p= 0.910). Overall, males were majority 205(58.2%), and
significantly, more under the unplanned admission 115(65.3%) compared to females
90(34.7%), p=0.007. About a third 96(27.3%) of the participants had other
comorbidities, where 37(21%) of the unplanned admission had comorbidities which is
a significantly lower proportion compared to 59(33.5%) among planned admissions,
p=0.008. The most common comorbidity was hypertension affecting 59 (16.8%)
participants followed by Intracranial space occupying lesion (SOL) 20 (5.7%) and
diabetes Mellitus 12 (3.4%) of which planned admission had higher proportion with
intracranial SOL 18(10.2%) compared to unplanned admission group 2(1.1%),

p<0.001.

ASA 1II patients formed majority of overall post-operative ICU admissions,
176(50.1%) with no significant difference in ASA score among planned and
unplanned group. Most of the admissions 177(56.9%) had a pre-operative GCS of 14
to 15. However, unplanned admission formed majority of admissions with pre-

operative GCS of between 3 and 8, (Table 1a).
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Table 1a: Bivariate analysis of participants’ characteristics by ICU admission

type
ICU admission type
Variables Planned Unplanned Total P -
(n=176) (n=176) (n =352) value
n (%) n (%)

Gender

Male 90 (51.1) 115(65.3) 205(58.2) 0.007¢

Female 86 (48.9) 61 (34.7) 147 (41.8)
Comorbidities 59 (33.5) 37 (21) 96 (27.3) 0.008°
Cardiovascular comorbidities

Hypertension 33 (18.7) 26 (14.8) 59 (16.8) 0.318°

Arrhythmia 2(1.1) 1 (0.6) 3 (0.8) >0.99¢

Heart failure 4(2.3) 2 (1.1) 6(1.7) 0.685"
Nervous Disorders

Seizures 7(4) 4(2.3) 11 (3.1) 0.358°

Intracranial SOL 18 (10.2) 2 (1.1) 20(5.7) <0.001°
Endocrine disorders

Diabetes 6(3.4) 6 (3.4) 12 (3.4) >0.99°¢

Hyperthyroidism 0 1 (0.6) 1(0.3) >0.99f
ASA

I 12 (6.8) 13(7.4) 25(7.1) 0.209°¢

II 43 (24.4) 53 (30.3) 96 (27.3)

I 98 (55.7) 78 (44.6) 176 (50.1)

1\ 23 (13.1) 31 (17.7) 54 (15.4)
Pre-operative Oxygen saturation

Normal (>90%) 148 (85.1) 142 (80.7) 290 (82.9) 0.277°

Low (<90%) 26 (14.9) 34 (19.3) 60 (17.1)
Pre-operative GCS

14to 15 106 (66.7) 71 (46.7) 177 (56.9) <0.001°¢

9to 13 19 (11.9) 47 (30.9) 66 (21.2)

3t08 34 (21.4) 34 (22.4) 68 (21.9)

¢ Chi Square test
" Fishers Exact test

Overall, emergency surgery formed the majority of participants admitted in ICU at

193(54.8%). Among the participants’ ICU admission groups, emergency surgery

significantly predominated the unplanned group while elective surgery predominated

the planned group at 136(77.3%) and 119(67.6%) respectively. Neurosurgery was the

main surgical specialty referring to ICU post-operatively accounting for 209(59.9%)

of all admissions followed by pediatric surgery and general surgery at 60(17.2%).

Notably, all obstetrics and gynecology patients admitted to ICU post-operatively were

unplanned admissions with the specialty accounting for 18(10.4%) of unplanned
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admissions. A statistical significance was established between general anesthesia and
post-operative ICU admission with only 7(2%) of all admissions having received

regional and or local anesthesia.

Consultants were more likely to be present during surgery in patients who had
planned admission at 82(47.4%) and 123(71.1%) for anesthesiologist and surgeon
respectively as compared to those with unplanned admission 14(8.1%) and 49(28.8%)
for anesthesiologist and surgeon respectively. Overall, anesthesiologists were present
during surgery for 96(27.8%) of participants admitted to ICU while surgeons were
present in 172(50.2%) of the participants. Most 201(57.6%) post-operative ICU

admissions had anesthesia and surgery duration of more than 3 hours, (Table 1b).

Table 1b: Bivariate analysis of surgical, anesthesia and provider characteristics
by ICU admission type

ICU admission type
Variables Planned Unplanned Total P - value
(n=176) (n=176) (n=352)
n (%) n (%)
Surgery type
Elective 119 (67.6) 40 (22.7) 159 (45.2) <0.001¢
Emergency 57 (324) 136 (77.3) 193 (54.8)
Surgical specialty
Neuro surgery 117 (66.5) 92 (53.2) 209 (59.9) 0.001°
Cardio thoracic 27 (15.3) 7 (4.1) 34 (9.7)
Maxillofacial/ ENT 1(0.6) 12 (6.9) 13 (3.7)
General/ Paediatric surgery 27 (15.3) 33(19.1) 60 (17.2)
Orthopaedic surgery 4(2.3) 11 (6.4) 15(4.3)
Obstetric & gynecological 0 18 (10.4) 18 (5.2)
Anesthesia type
General 174 (98.9) 171 (97.2) 345 (98) 0.448f
Regional/local 2(1.1) 5(2.8) 7(2)
Presence of consultant
Anesthesiologist 82 (47.4) 14 (8.1) 96 (27.8) <0.001¢
Surgical consultant 123 (71.1) 49 (28.8) 172 (50.2) <0.001°
Surgery duration in hours
<1 4(2.3) 12 (6.9) 16 (4.6) <0.001¢
1-2 14 (8.1) 43 (24.6) 57 (16.3)
2-3 35(20.1) 40 (22.9) 75 (21.5)
>3 121 (69.5) 80 (45.7) 201 (57.6)

¢ Chi Square test

fFishers Exact test
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4.3 Peri-operative adverse events among post-operative icu admitted participants
The most common complications that led to ICU admission were pulmonary 128
(36.4%) followed by neurological 116 (32.9%) and cardiovascular 71 (20.2%).
Among cardiovascular complications, hemodynamic instability due to hemorrhage
was more common, 20(5.7%), and affected unplanned post operative ICU admissions
more than planned post operative ICU admissions, p=0.01. Among the pulmonary
complications, prolonged apnea requiring ventilator support was the most common
affecting 62 (17.6%) of all the participants. Among neurological complications, poor
anesthesia reversal with GCS less than 8/15 was most common 58 (16.5%) and more
frequent among unplanned than planned post operative ICU admissions, P < 0.001.
Notably, prolonged peri-operative convulsions occurred exclusively among unplanned
admissions, P < 0.001.

The single common adverse events leading to ICU admission were prolonged apnea
and poor reversal of anesthesia at 62(17.6%) and 58(16.5%) respectively. However,
poor reversal of anesthesia was significantly higher in unplanned admissions than

planned admissions, P<0.001, while no statistically significant difference between

planned and unplanned admissions among those with prolonged apnea. (Table 2a).
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Table 2a: Bivariate analysis of indications for ICU admission by admission type

ICU admission type

Complications Planned Unplanned Total p-value
m=176) (n=176) (n=352)
n (%) n (%)

Cardiovascular 39(22.2)  32(18.2) 71(20.2) 0.352°¢
Cardiogenic shock 1 (0.6) 0 1(0.3) <0.99"
Complex arrhythmia 1 (0.6) 1 (0.6) 2 (0.6) <0.99¢
Hypertension emergency 2(1.1) 3(1.7) 5(1.4) >0.99"
Status post cardiac arrest 1(0.6) 6(3.4) 7(12) 0.121F
Hemodynamic instability 4(2.3) 16 (9.1) 20 (5.7) 0.010°

Pulmonary 49 (27.8) 79(449) 128((36.4) 0.001°
Airway obstruction 1(0.6) 13 (7.4) 14 (4) 0.002°
Prolonged apnea 30 (17.1)  32(18.2) 62(17.6) 0.780°
Aspiration 0 1(0.6) 1(0.3) >0.99"

Neurological 54 (30.7) 62(35.2) 116(32.9) 0.427°
Acute cerebral vascular accident 9(5.1) 3(1.7) 12 (3.4) 0.078°
poor anesthesia reversal 15 (8.5) 43 (24.4) 58(16.5) <0.001°
Peri-operative prolonged convulsion 0 15 (8.5) 154.3) <0.001°¢

Deranged laboratory findings 1(0.6) 5(2.8) 6(1.7) 0.215°
Serum potassium 2(1.1) 0 2 (0.6) 0.499¢
PH 1 (0.6) 5(2.8) 6 (1.7) 0.215°

Surgical factors 0 1 (0.6) 1(0.3) >0.99°

When complication started
Pre-operatively 52 (50.5) 12 (7.1) 64 (23.4) <0.001°¢
Intra-operatively 38(36.9) 50(29.4) 88(32.2)
Post-operatively 13 (12.6) 108 (63.5) 121 (44.3)

¢ Chi Square test
fFishers Exact test

Surgical specialty was significantly associated with type of adverse events.

Cardiovascular events were more likely to occur among cardio-thoracic surgery

patients, P < 0.001 while pulmonary and neurological events were more likely to

occur in neuro-surgical participants. Participants were more likely to be admitted

post-operatively to ICU for close monitoring if they had neuro surgery as compared to

surgeries in other specialties, (Table 2b).
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Table 2b: Bivariate analysis of adverse event by surgical specialty

Surgical specialty
Complication Neuro Cardio Maxillo General/ Ortho Obgy p-
Peads value
Cardiovascular 11 25 1(1.4) 16(22.5) 8 10 <
(15.5) (352 (11.3)  (14.1)  0.001f
Pulmonary 96 43.2) 7(5.6) 13(104) 1(0.8) 4(3.2) <
(76.8) 0.001f
Neurologic 68 23 2(1.7) 10@8.7) 6(52) 6(52) <
(59.1)  (20.6) 0.001f
Deranged Lab 1 1(16.7) 0 4 (66.7) 0 0 0.064
(16.7)
Close 68 4(4.0) 1(1.0) 22(22.1) 2 2(2.00 0.007°
monitoring (68.7) (2.0)

" Fisher’s Exact test

Presence of either consultant surgeon or anesthesiologist had a significance
association with occurrence of some adverse events. Pulmonary and neurologic
complications had an occurrence rate of 88(51.5%) and 76(44.4%) respectively in the
absence of a surgeon and 110(44%) and 90(36%) respectively in the absence of an
anesthesiologist. However, presence of a consultant surgeon was associated with ICU

admission for close monitoring, 83% P < 0.001, (Tables 2c and 2d).

Table 2¢ : Adverse event vs presence of consultant surgeon

Presence of consultant surgeon

Complication Absent Present p-value
N=171) N=172)
Cardiovascular 31 (18.1) 39 (33.7) 0.296°¢
Pulmonary 88 (51.5) 36 (20.9) <0.001°¢
Neurologic 76 (44.4) 37 (21.5) <0.001°¢
Deranged Lab 6(3.5) 0 0.015"
Close monitoring 16 (9.4) 80 (46.5) <0.001°¢

"Fisher’s Exact test

¢ Chi square test
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Table 2d: Adverse event vs presence of consultant anesthesiologist

Presence of consultant anesthesiologist

Complication Absent Present p-value
(N =250) (N=96)

Cardiovascular 38 (15.2) 32 (33.3) <0.001°¢

Pulmonary 110 (44) 15 (15.6) <0.001°¢

Neurologic 90 (36) 25 (26) 0.078°¢

Deranged Lab 4 (1.6) 2(2.1) 0.671f

Close monitoring 50 (20) 46 (47.9) <0.001°¢

"Fisher’s Exact test

¢ Chi square test

4.4 Risk factors associated with unplanned post-surgical icu admission

Several factors were associated with unplanned post-surgical ICU admission on
bivariate analysis. However, after adjusting for gender, comorbidities, ASA score,
pre-operative GCS, when complication started, type of surgery, surgical specialty,
presence of consultant, surgery duration and type of complication, Maxillofacial,
ENT, orthopedics and obstetrics and gynecology specialties, emergency surgery and
when complication started were the only factors significantly associated with type of
ICU admission. Female gender and those who developed pulmonary complications
were less likely to be admitted as unplanned admissions with aOR 0.37, 95% CI 0.13-
1.03 and 0.38, 95% CI 0.11- 1.26 respectively though the findings were not
statistically significant. Those who developed hemodynamic instability due to intra-
operative excess blood loss and those who developed airway obstruction post-
operatively had a 2.04, 95% CI 0.36-11.59 and 17.56, 95% CI 0.33-947.99 risk of

unplanned ICU admission though no statistical significance was found, (Table 3).
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Variables aOR 95% CI1 p-value
Being female 0.37 0.13-1.03 0.058
Having comorbidities 0.71 0.21 -2.42 0.586
ASA

I Ref

II 0.87 0.24 -9.82 0913

I 1.18 0.12-11.75 0.890

v 0.81 0.06 —10.39 0.873
GCS

14-15 Ref

9-13 0.74 0.19-2.95 0.672

3-8 0.99 0.17-5.82 0.988
Pulmonary complication 0.38 0.11-1.26 0.113
When complication started

Pre-operatively Ref

Intra-operatively 8.77 2.13 -35.98 0.003

Post-operatively 151.03 31.16 - 732.10 <0.001
Intracranial SOL 1.37 0.12-15.65 0.801
Emergency Surgery 6.36 1.64- 24.72 0.008
Surgical speciality

Neuro surgery Ref

Cardio thoracic 1.06 0.14- 8.33 0.954

Maxilo/ENT/Ortho/Obgy 18.57 2.33-148.16 0.006

General/Paeds 1.58 0.33-7.62 0.566
Presence of consul’ surgeon 0.35 0.09- 1.39 0.137
Presence of consult’ 0.28 0.06- 1.37 0.116
Anesthesiologist
Surgery duration in hours

1-2 0.27 0.01-5.35 0.390

2-3 0.19 0.01-3.94 0.286

>3 0.27 0.02-4.71 0.371
Cardiac arrest 1.84 0.07- 47.04 0.713
Hemodynamic instability 2.04 0.36- 11.59 0.421
Airway obstruction 17.56 0.33- 947.99 0.159
Poor anesthesia reversal 0.28 0.07- 1.22 0.090
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4.5 Patient outcomes among post-operative icu admitted patients

About two thirds, 231(65.6%), of post-surgical ICU admitted patients were put on
mechanical ventilator, of which the proportion of those put on mechanical ventilator
was higher 136(77.3%) among those who had unplanned admission compared to
planned admissions 95(54%). In addition, mortality rate at ICU discharge was high
among unplanned admission 57(32.4%) compared to planned admission group
25(14.2%) and the overall in-ICU mortality was 82(23.3%). The 28-day mortality
was also significantly higher among unplanned admissions compared to planned

admissions, P< 0.001, (Table 4).

Table 4: Patient outcomes (mechanical ventilation, outcome at discharge and 28-
day mortality)

ICU admission type
Variables Planned Unplanned Total p-value
N (%) N (%)
Mechanical ventilation
No 81 (46) 40 (22.7) 121 (34.4) <0.001¢
Yes 95 (54) 136 (77.3) 231 (65.6)
Outcome at discharge
Died 25(14.2) 57 (32.4) 82 (23.3) <0.001°¢
Alive 151 (85.8) 119 (67.6) 270 (76.7)
Outcome at 28" day
Died 34 (19.3) 69 (39.2) 103 (29.3) <0.001°¢
Alive 142 (80.7) 107 (60.8) 249 (70.7)

¢ Chi Square test
f Fishers Exact test

Only ASA IV status, poor reversal of anesthesia, cardiovascular, pulmonary and
neurological complications were significantly associated with post-operative
mechanical ventilation. Other factors that increased the odds of being mechanically
ventilated post-operatively though without statistical significance were type of ICU

admission, pre-operative oxygen saturation and pre-operative GCS, (Table 4a).
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Table 4a: Factors associated with post-operative mechanical ventilation

Mechanical
ventilation

Variables Absent Present uOR 95% CI aOR 95% CI
Comorbidities

None 81 (31.6) 175(68.4) Ref Ref

Present 40 (41.7) 56 (58.3) 0.65 0.40- 1.05 0.59 0.36- 1.04
ASA

I 14 (56) 11 (44) Ref Ref

1I 38(39.6) 58(60.4) 1.94 0.80-4.73 1.33 0.22- 8.04

i 63 (35.8) 113(64.2) 2.28 0.98-5.33 1.77 0.32-9.79

v 6(11.1) 48 (88.9) 10.18 3.19-3245 9.12 1- 82.88
Oxygen saturation

Normal 108 (37.2) 182 (62.8) Ref Ref

Abnormal 11(18.3) 49(81.7) 2.64 1.32-5.30 1.50 0.39-5.81
GCS

Normal 85 (48) 92 (52) Ref Ref

Moderate 7 (10.6) 59894 779 3.37-1799 3.05 0.89-10.44

Severe 4(5.9) 64 (94.1) 1478 5.16-42.34 2.33 0.51-10.67
Cardiovascular
complication

None 107 (38.1) 174 (61.9) Ref Ref

Present 14 (19.7) 57(80.3) 2.50 1.33-4.71 6.12 2.21-16.93
Pulmonary complication

None 115(51.3) 109 (48.7)  Ref Ref

Present 6(4.7) 122 (95.3) 2145 9.07-50.72 52.01 16.26-

166.33

Neurological complication

None 117 (49.6) 119 (50.4) Ref Ref

Present 4(3.5) 112 (96.6) 27.53 9.83-77.07 37.08 9.64-142.70
Admission type

Planned 81 (46) 95 (54) Ref Ref

Unplanned 40 (22.7) 136 (77.3) 2.90 1.83-4.59 1.09 0.45-2.67
Poor anesthesia reversal

Absent 120 (40.8) 174 (59.2) Ref Ref

Present 1(1.7) 57(98.3) 39.31 5.37- NA NA

287.78

Only age, type of surgery and pre-operative GCS were independently associated with
28-day mortality among patients admitted in ICU post-operatively. The odds of 28-
day mortality increased by 2% for patient older by one year. Patients who had
emergency surgery were 2.56 times likely to die by 28™ day since post-operative ICU
admission. Patients with pre-operative GCS of 9-13 and 3-8 were 2.5 and 4.02 times
more likely to die by 28" day since admission respectively compared to those with

pre-operative GCS of 14-15. Other factors that increased the odds of death at 28 days
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post-surgery though no statistical significance at multivariate analysis included
medical comorbidities, cardiovascular complications, poor anesthesia reversal, being
mechanically ventilated post-operatively and ASA IV score. Gender, type of ICU
admission, neurological complications, pulmonary complications and absence of a
consultant during the surgery were all associated with 28-day mortality on univariate
analysis but after adjusting for other factors no statistical significance was established,

(Table 4b).



Table 4b: Factors associated with 28™" days mortality

28-day outcome

Variables Alive Died uOR 95% CI aOR 95% CI
Gender

Male 136 (66.3) 69 (33.7) 1.69 1.04-2.73 099 0.51-1.92

Female 113(76.9) 34 (23.1) Ref Ref
Comorbidities

None 184 (71.9) 72 (28.1) Ref Ref

Present 65 (67.7) 31(32.3) 1.22 0.73-2.02 1.20 0.57-2.52
ASA

1 22 (88) 3(12) Ref Ref

I 73 (76) 23 (24) 2.31 0.63-843 0.79 0.16-3.82

111 131(74.4) 45 (25.6) 252  0.72-8.82 0.76 0.17-3.44

v 22 (40.7) 32(59.3)  10.67 2.84-40.04 243 0.48-12.24
Oxygen saturation

>90 % 214(73.8)  76(26.2) Ref Ref
<90% 34 (56.7) 26 (43.3) 2.15 1.21-3.82 092  0.44-1.94
GCS

14-15 150 (84.8) 27 (15.2) Ref Ref

9-13 37 (56.1) 29 (43.9) 435 231-822 1.81 0.80-4.06
3-8 31 (45.6) 37 (54.4) 6.63 3.53-12.44 2.63  1.03-6.67
Cardiovascular complication

None 202 (71.9) 79 (28.1) Ref Ref

Present 47 (66.2) 24 (33.8) 1.31 0.75-2.28 1.73  0.73-4.11
Pulmonary complication

None 173(77.2) 51 (22.8) Ref Ref

Present 76 (59.4) 52 (40.6) 232  145-3.72  0.62  0.28-1.37
Neurological complication

None 178 (75.4) 58 (24.6) Ref Ref

Present 71(61.2) 45 (38.8) 1.95 1.21-3.13  0.64  0.27-1.50
Deranged lab findings

None 244 (70.5) 102 (29.5)  Ref Ref

Present 5(83.3) 1(16.7) 048  0.06-4.15 047 0.04-5.40
When complication started

Pre-operatively 38 (59.4) 26 (40.6) Ref Ref
Intra-operatively 67 (76.1) 21(23.9) 046  0.23-092 0.82 0.29-2.33
Post-operatively 69 (57) 52 (43) .10 0.60-2.04 1.61 0.55-4.67
Admission type

Planned 142 (80.7)  34(19.3) Ref Ref

Unplanned 107 (60.8) 69 (39.2) 269  1.66-436 095 0.37-2.44
Age (Median, IQR) 32(17,48) 44(227,60) 1.02 1.01-1.03 1.02  1.00-1.03
SOL

Absent 231(69.6) 101(30.4)  Ref Ref

Present 18 (90) 2 (10) 0.25  0.06-1.12 0.3 0.05-1.12
Surgery type

Elective 141 (88.7) 18 (11.3) Ref Ref

Emergency 108 (56) 85 (44) 6.16  3.5-10.87 2.56 1.05-6.24
Consultant presence

Absent 158 (63.2) 92 (36.8) 5.01 2.48-10.12 098  0.32-3.04
Present 86 (89.6) 10 (10.4) Ref Ref
Surgery duration in hours

<1 9 (56.2) 7 (43.8) Ref Ref

1-2 29 (50.9) 28 (49.1) 1.24  0.41-3.79 1.2 04-3.8
2-3 52 (69.3) 23 (30.7) 0.57 0.19-1.71 0.58 0.2-1.72
>3 156 (77.6)  45(22.4) 037 0.13-1.05 037 0.13-1.05
Poor anesthesia reversal

Absent 222(75.5)  72(24.5) Ref Ref

Present 27 (46.6) 31(53.4) 3.54 1.98-6.32 1.83  0.70-4.81
Mechanical ventilation

Absent 110 (90.9) 11(9.1) Ref Ref

Present 139 (60.2)  92(39.8) 6.62 3.37-1298 2.08  0.66-6.55
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On average, those admitted in ICU unplanned had longer duration of mechanical
ventilation 53 (IQR 26,105) hours compared to planned admissions 39 (IQR 15, 207)
hours and an overall ventilation duration of 49 (18, 117) hours though the difference
was not statistically significant. However, median duration of ICU stay was equal (3

days) for both groups, (Table 5).

Table 5: Patient outcomes (ventilation hours and length of ICU stay)

ICU admission type
Variables Planned Unplanned Total p-value
Duration of ventilation in hours
Median (IQR) 39 (15,207) 53 (26,105) 49 (18,117) 0.327Y
Range 2 —1389 2-1736 2-1389
Duration of ICU stay (in days)
Median (IQR) 3(2,9) 3(2,6) 3(2,6) 0.370%
Range 1-58 1-35 1-58

“ Wilcoxon rank-sum test
Overall, patients admitted to ICU post-operatively for close monitoring had shorter

length of ICU stay and higher chances of survival at ICU discharge and at 28 days

compared to those admitted due to complications, (Table 6).

Table 6: Indication for ICU admission and patient outcome

ICU Admission reason

Variables Complication Close monitoring Total

Duration of ICU stay (in days)

Median (IQR) 4(3,7) 2(1,3) 3(2, 6)

Range 1-52 1-58 1-58
Outcome at discharge

Alive 174 (68.8) 96 (97) 270 (76.7)

Died 79 (31.2) 303) 82 (32.3)

Outcome at 28™ day
Alive 157 (62.1) 92 (92.9) 249 (70.7)
Died 96 (37.9) 7(7.1) 103 (29.3)
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CHAPTER FIVE: DISCUSSION

5.1 Introduction
This chapter presents a discussion of the findings of this study and compares those
findings to the findings of other studies that have been conducted to address similar

arcas.

5.2 Participants’, surgical and anesthetic characteristics

5.2.1 Participants’ characteristics

The study looked at who ends up in the intensive care unit (ICU) after surgery,
whether planned or unplanned. According to the findings, the median age of post-
surgical ICU patients was 35 years old, which was similar to surgical ICU patients’
age in Nigeria and Ethiopia and the overall (surgical and medical) ICU patient age at
the same hospital in 2017 (Lalani et al., 2018; Okafor, 2009; Yetneberk et al., 2022).
It however contrast with findings in majority of literature where elderly individuals
were more likely than younger patients to be admitted to ICU post-surgically with
advanced age found to be a strong predictor of ICU admission in Boston
(Thevathasan et al., 2018). This finding can however be explained by the relatively
young population in Kenya as well as in most other developing countries as compared
to many developed countries. Due to the nationally young population and the
likelihood of the young in that population being engaged in activities likely to expose
them to trauma, surgical interventions are more likely to be done on young population

and thus the relatively young population being admitted to ICU post-operatively.

The majority of the patients were male at 58.2% of admissions, with a stronger gender
bias, 65.3%, among the unplanned admissions group. There is no consensus in
literature on effect of gender on overall post-surgical ICU admission with some

authors finding no gender bias at all, (Cooper, Harris, Mourad, 2017). However, the
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overall male predominance in this study can be explained by the high number of
trauma cases among critically ill surgical patients in Moi teaching and Referral
Hospital as males have been found to be more likely to be involved in near fatal
accidents than females (Gathecha et al., 2018) while male gender predominance in
unplanned admission group is consistent with earlier researches (Kim et al., 2019;

Thevathasan et al., 2018).

The most prevalent medical comorbidity among post-surgical ICU admitted patients
was hypertension, followed by intracranial space-occupying lesions (SOL) and
diabetes mellitus. This finding is consistent with prior researches in Africa, African
Surgical Outcome study, which showed hypertension to be the leading medical
comorbidity among surgical patients as well as a systematic review by Onwochei and
colleagues, (Biccard et al., 2018; Onwochei et al., 2020). In Singapore, however,
diabetes mellitus was found to be the most prevalent medical comorbidity among
post-surgical ICU patients, (Chiew, Liu, Wong, Sim, & Abdullah, 2020). This
variance in literature may be attributable to variations in the study population, study
design, and geographical location. Additionally, Chiew and colleagues excluded
neurosurgical patients that formed majority of participants in this study and this might
have underestimated HTN cases in their study since HTN predispose to Cerebro-
Vascular Accidents which require neurosurgical intervention. Planned admissions had
a greater proportion of patients with intra-cranial SOL compared with unplanned
admissions. The higher incidence of intra-cranial SOL among planned ICU
admissions may be attributable to the fact that neurosurgical treatment for intra-
cranial SOL is often elective and scheduled, giving time for detailed pre-operative

assessment and prior post-operative care planning with a practice of routine ICU
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booking for elective craniotomies for tumor resection in Moi Teaching and Referral

Hospital.

Majority of post-surgical ICU admissions were ASA III in both planned and
unplanned admissions. The overall incidence is similar to findings in literature where
most post-surgical ICU patients are ASA III. However, unplanned admissions have
been reported to be generally of lower ASA classes compared to planned admissions,
(Kahan et al., 2017; Katori et al., 2022; Quinn, Gabriel, et al., 2017; Vijay Singh &
Shibu Sasidharan, 2020). This finding of unplanned admissions having same ASA
score as planned admissions may suggest inadequate evaluation prior to surgery with
many emergency surgical patients either not being reviewed or being discussed over
the phone by both surgical and anesthesia teams. Such practice is likely to miss key
details on patients with higher ASA scores and certain risk factors to predict intra and

post-operative complications thus failing to have ICU bed space booked in advance.

Majority of the patients admitted to ICU post-surgery had a pre-operative GCS of
more than or equal to 14. This finding is similar to that of Uzman and others in
Turkey where post-surgical ICU admissions had preoperative GCS of more than 12
consistently over five year duration, (Uzman et al., 2016). In this study however, 24.4%
of unplanned admissions had a preoperative GCS of 3-8. This low GCS, a pre-
operative indication for ICU admission, among unplanned admissions may be a
pointer to either non-comprehensive assessment and planning pre-operatively and or
inadequate ICU capacity where dire emergencies necessitate proceeding with surgery
even when no ICU bed was available despite an absolute indication for ICU

admission.
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5.2.2 Surgical and anesthetic characteristics

Neuro surgery patients formed majority of overall post-operative ICU admissions in
MTRH similar to findings in a Nigerian teaching hospital, (Onyekwulu & Anya,
2015), but in contrast to findings in India where GI surgeries formed majority of post-
surgical ICU admissions (Vijay Singh & Shibu Sasidharan, 2020). Patients
undergoing neuro surgery procedures have been shown to have a higher risk of peri-
operative adverse events, which may lead to high rates of post-operative ICU
admissions, related to complexity of most neuro surgical procedures, (Gawria et al.,
2022). The high incidence of post-operative ICU admitted neuro surgical patients may
also be attributable to routine ICU booking for elective craniotomies and the many
cases of neuro-trauma cases with low GCS, an independent indication of ICU

admission, in MTRH.

Emergency surgeries formed 54.8% of overall post-surgical ICU admissions
comparable with findings in Ireland where emergency surgery contributed to 59% of
ICU admissions, (A. L. Fowler et al., 2019). The study observed a significant
predominance of emergency surgeries, 77.3%, among unplanned admissions similar
to findings in Ethiopia where emergency surgery contributed 89.1% of unplanned
ICU admissions, (Yetneberk et al., 2022). This might be due to the higher likelihood
of inadequate time to fully optimize emergency surgical cases pre-operatively and the
inability to reschedule such surgeries in cases where ICU bed space is not readily

available prior to surgery.

Overall, consultant surgeon was present during surgery in 50.2% of patients admitted
to ICU with majority of the cases, 71.1%, being planned admissions while consultant
anesthesiologist was present in 27.8% of the cases admitted to ICU with 47.4%

presence among planned admissions. This finding compares with that in Kenyatta
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National Hospital (KNH) where consultants were less likely to be intra-operatively
present in patients who got unplanned ICU admission as compared to planned
admissions, (Mungai, 2011). However, the finding contrasts with those from
developed countries where consultants were present in most of unplanned admissions,
(Essa, Mogane, Moodley, & Motshabi Chakane, 2022; Landry et al., 2017; Wanderer
et al., 2013). The higher incidence of consultant presence in planned admissions may
be attributable to pre-operatively perceived surgical complexity and high risk among
those patients anticipated to require ICU post-operatively. Unplanned admissions,
more common in emergency surgeries, are also more likely to happen during off duty
hours when surgical and anesthesia residents’ man the surgical list in our setting as
well as in KNH and therefore low presence of consultants intra-operatively. The high
overall absence of anesthesiologist in cases getting admitted to ICU may be explained
by the low number of anesthesia consultants in MTRH with one anesthesiologist
covering all operating rooms per day during the period of data collection. The theatre
coverage duties result in anesthesia consultants offering guidance to other anesthesia
cadres but not being physically present intra-operatively in majority of the surgical

cases in MTRH.

Majority of patients admitted to ICU post-operatively had anesthesia and surgery
duration of more than 3 hours. The duration of surgery and anesthesia associated with
ICU admission still remains undetermined as different studies have found different
cut points with some studies having as low as 1 hour cut point for significant
association, (Landry et al., 2017). The finding of more than 3-hour surgeries in this
study may be attributable to surgery complexity as well as time spend intra-

operatively managing complications that necessitated post-operative ICU admissions.
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5.3 Peri-operative adverse events among post-operative ICU admitted patient

This study found that pulmonary complications were the most common reason for
post-operative ICU admission accounting for 36.5% of all admissions, followed by
neurological, 32.9%, and cardiovascular complications, 20.2%. Similar investigations
have revealed a higher incidence of post-operative pulmonary complications
compared to other body systems among post-surgical ICU admitted patients as do the
findings of the current study, (Bhat et al., 2006; Hajnour et al., 2016; Miskovic &
Lumb, 2017). Consistent with the literature, (Katori et al., 2022; Meziane et al., 2017),
prolonged apnea requiring ventilator support was the most common pulmonary
complication in our study accounting for 17.6% of all admissions with no statistically
significant difference between planned and unplanned admissions. However, the
study found that post-operative airway obstruction was significantly more common
among unplanned admissions accounting for 92.8% of all cases of airway obstruction,
P 0.002. The high incidence of pulmonary complications in this study could be related
to high incidence of poor reversal of anesthesia in MTRH which independently

contributed to 16.5% of all post-surgical ICU admissions in this study.

Neurological complications were found to be the second most prevalent contributors
to post-operative ICU admission with poor reversal of anesthesia being the most
common among them. This result is consistent with earlier reports of poor reversal of
anesthesia being the commonest neurological adverse event post-operatively,
(Aragon-Benedi et al., 2022; Grabitz et al., 2019). Poor reversal of anesthesia is a
complex phenomenon with multifactorial causation such as choice of anesthetic agent,
patient factors, incomplete reversal of muscle relaxants, drug interactions and
emergence delays (Cascella, Bimonte, & Di Napoli, 2020). The high rates of poor

anesthesia reversal in Moi Teaching and referral Hospital may therefore be attributed
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to relying on clinical methods to assess the wearing off of neuromuscular blocking

agents as well as other undefined factors.

Peri-operative prolonged convulsion was the second most common neurological
complication similar to findings by Almeida and others (de Almeida et al., 2018). All
cases of post-operative ICU admission due to prolonged peri-operative convulsions
occurred only among unplanned admissions and contributed to 4.3% of overall ICU
admission. This observation may point to either inadequate preparedness or ability to
manage unexpected convulsions among anesthetized surgical patients. Lack of
neurological monitoring capacity in MTRH theatres may result in missed intra-
operative convulsions among general anesthesia patients delaying the interventions to
abort the seizure. The intra-operative seizures may then be observed on reversing the
patient after a prolonged seizure event thus worsening patient morbidity with

subsequent requirement for ICU admission

The study also revealed that cardiovascular complications were the third most
common indication for post-operative ICU admission, with hemodynamic instability
resulting from hemorrhage being the most prevalent cardiovascular event, accounting
for 5.7% of overall ICU admissions. This finding is comparable to that in prior studies
that identified intra-operative and post-operative bleeding as a major cause of
cardiovascular complications, (Katori et al., 2022; Singh et al., 2019). A study in
India however showed hemodynamic instability due to arrythmia and post cardiac
arrest state as the most common cardiovascular complication among non-cardiac
surgery patients, (Mylavarapu, Joshi, & Kapoor, 2023). This difference may be
attributable to low prevalence of cardiac disease among the study population
compared to that in the India study as well as the reported low uptake of regional

anesthesia technique in MTRH. The complex arrythmias and cardiac arrest reported in
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India were associated with regional anesthetic technique. Hemorrhage resulting in
hemodynamic instability was more common among unplanned admissions, 80% P
0.001. This may indicate lack of universal preparedness to handle hemorrhage
especially among emergency surgeries where patients may proceed for surgery with

low hemoglobin and little or no readily available blood for transfusion if required.

The study found that most complications leading to ICU admissions occurred post-
operatively, 44.3%, while intra-operative complications contributed to 32.2% of
indications for ICU admissions. The findings are consistent with past researches,
where post-operative and intra-operative complications contributed to majority of
post-operative ICU admissions, (Kim et al., 2019; Vijay Singh & Shibu Sasidharan,
2020; Yetneberk et al., 2022). This finding may be due to inadequate capacity to pre-
operatively accurately predict the risk of intra-operative and post-operative
complications. MTRH predominantly uses ASA classification to risk stratify patients
pre-operatively and while this method is generally acceptable, it is a population based

rather than individual based.

The study's findings regarding the prevalence of adverse events based on surgical
speciality revealed that various surgical specialties have distinct peri-operative
complication risk profiles. Cardio-thoracic surgery patients were more likely to
experience cardiovascular complications contributing to 35% of this category of
complications. This finding is consistent with previous reports of an increased
frequency of cardiovascular complications among cardio-thoracic surgery patients,
(Li, Zhang, Xu, & Wu, 2019). The finding may be attributable to high number of
open-heart surgeries done during the study period as these surgeries present with
complex cardiovascular challenges. The study reported that neurosurgical patients

experienced greater pulmonary and neurologic complications at 76.8% and 68% of
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the respective complication categories. This is contrary to literature were neurological
complications contributed to majority of adverse events among neurosurgical patients,
(de Almeida et al., 2018; Weber et al., 2022). The higher incidence of pulmonary
complications in this study may be due to coexistence of pulmonary event among the
commonest observed neurological events, poor reversal of anesthesia and prolonged
convulsion, in the study as these events as well as neurosurgery were found to be

independent predictors of pulmonary complications, (Karcz & Papadakos, 2013).

The study established that 28.1% of post-operative ICU admissions were for close
monitoring with majority of these cases, 75.8%, being planned admissions and 68%
from neurosurgery specialty. This finding is similar to that by Vijay and others who
found close monitoring as the indication for 58.8% of planned post-surgical ICU
admissions and 2.2% of unplanned admissions, (Vijay Singh & Shibu Sasidharan,
2020). The high number of admissions for close monitoring among neurosurgery
planned admissions may point to either routine admission in this specialty or extreme
application of intra-operative risk mitigation measures with minimal or no review of

post-operative ICU admission requirement post-surgery.

5.4 Risk factors associated with unplanned post-surgical ICU admission

The study examined the parameters related with unplanned post-operative ICU
admission in surgical patients of different specialties in MTRH. The results
demonstrated that surgical specialty was significantly associated with unplanned ICU
admission with maxillofacial, ENT, orthopedics and obstetrics and gynecology being
independent risk factors for unplanned admission. This finding was similar to that in
literature with gastrointestinal, orthopedics, obstetrics and gynecology and ENT found
to be specialties associated most with unplanned ICU admissions, (Essa et al., 2022;

Katori et al., 2022; Singh et al., 2019). The finding may be explained by the increased
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risk of post-operative airway obstruction among ENT and maxillofacial surgery
patient, hemodynamic instability among obstetrics and orthopedic-trauma patients as
well as prolonged intra-operative convulsions obstetric patients with eclampsia. These
complications were found to be associated with increased risk of unplanned ICU
admission on bivariate analysis, though not statistically significant independent

predictors on multivariate analysis.

Emergency surgery was also found to be an independent predictor for unplanned ICU
admission. This finding concurs with majority of other studies in literature which
associated emergency surgery with unplanned post-surgical ICU admission, (Kim et
al., 2019; Wanderer et al., 2013). The finding is attributable to the less optimization
done before emergency surgeries making the patient to be highly predisposed to intra
and post-operative complications, a factor found to be independent risk factor for
unplanned ICU admission in this study. The emergency nature of the surgery also
means that operation cannot be postponed in case an ICU bed is not readily available
and therefore such patients, though they may be pre-operatively predicted to require

ICU care post-operatively, often end up as unplanned ICU admissions.

The time when complications occurred was significantly associated with type of ICU
admission. Patients who developed complications intra or post-operatively had a
considerably greater probability of unexpected ICU admission than those who had
complications before surgery. This finding is in line with findings from previous
research that indicate intra-operative and post-operative complications to be
associated with a higher chance of unplanned admission to the ICU, (G. Haller, 2017;
Katori et al., 2022; Yetneberk et al., 2022). The findings may suggest inability to pre-
operatively predict accurately which patient is likely to experience significant intra or

post-operatively complications. The poor pre-operative predictive ability for intra and
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post-operative complications may be as a result of weakness of the risk stratification
method used in MTRH, ASA scoring, as this study as well as other studies,
(Onwochei et al., 2020; Seglenicks et al., 2014), did not establish an association

between ASA score and unplanned ICU admission.

5.5 Patient outcomes among post-operative ICU admitted patients

In this study, the researcher followed up post-surgical ICU admitted patients with aim
of determining their outcomes; ventilation requirement, length of ICU stay, condition
at ICU discharge and 28-day mortality. The results demonstrated that majority of the
post-surgical ICU patients required mechanical ventilation at 65.6% of all admissions.
This finding is similar to finding by Meziane and colleagues who found that
mechanical ventilation was the most common ICU specific intervention among post-
surgical ICU patients, 72%, but differs with those of a study in India which found a
37.5% ventilation rate among post-surgical ICU admitted patients,(Meziane et al.,
2017; Vijay Singh & Shibu Sasidharan, 2020). The high ventilation rate may be
explained by high number of poor reversal and respiratory failure as indications for
ICU admission in this study. On bivariate analysis, type of ICU admission was
significantly associated with mechanical ventilation P<0.001 similar to findings by
Kim and others in Korea, (Kim et al., 2019). However, following adjustment for other
factors, only ASA score, pre-operative oxygen desaturation, CVS complications,
pulmonary complications and neurological complications were independent predictors
for post-operative mechanical ventilation. This finding may be explained by the fact
that the specific patient complications, though predisposing a patient to unplanned
admission, form the indication for mechanical ventilation. Unplanned admission
group patients on mechanical ventilation were also found to have more ventilator

hours compared with the planned group, IQR 53 and 39 respectively. This may be
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explained by the fact that unplanned admissions were more likely to have had lower
pre-operative GCS, cardiac arrest intra-operatively, hemodynamic instability and
emergency surgery with chances of less optimization prior to surgery therefore

requiring longer ventilation duration to allow stabilization prior to extubation.

The average length of ICU stay was found to be 3 days in both planned and unplanned
admission groups. This finding defers from literature where unplanned post-surgical
admissions have consistently been associated with longer length of ICU stay, (Biccard
et al., 2018; Kahan et al., 2017; Wanderer et al., 2013). The deviation from literature
may be due to shorter recovery period among those admitted due to poor anesthesia
reversal, majority being unplanned admissions. Absence of step down high dependent
ward in MTRH may also lead to a number of planned admissions being left for
slightly longer duration in ICU than expected for non- ICU specific procedures such

as tracheostomy care.

The overall mortality rate at time of discharge from ICU among post-surgical ICU
admitted patients in MTRH was found to be 23.3%. This finding is comparable with
findings in India with post-surgical ICU mortality rate of 23.5% (Bhat et al., 2006)
but higher than 2.8% mortality rate found in the international surgical outcome study
(ISOS) (Kahan et al., 2017). The high mortality rate may be related to less
advancement in medical and surgical technology among low- and middle-income
countries compared to high income countries as well as difference in regional
patients’ health seeking behavior with majority of patients in our setup likely to
present to hospital late in disease process. Compared to planned admissions, the death
rate at ICU discharge was higher among unplanned admissions at 32.4% with the
former at 14.2%. This finding is comparable to that of a multi-center study in Europe

which found that unscheduled ICU admissions were associated with greater rates of
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morbidity and mortality than planned admissions with a 16.4% mortality among
unplanned admissions compared with 4.4% among the planned, (Pearse et al., 2012).
The high mortality rates among unplanned admissions may be explained by lack of
specialized critical care services in the immediate post-operative period as the patients
may stay in operating room awaiting availability of ICU bed. These patients are also
likely to be admitted to ICU due to complications, less patients were admitted for
observation compared to planned admission group, and the complications leading to

ICU admission may independently contribute to mortality.

The overall 28-day mortality was found to be 29.3% with 67% of these mortalities
contributed to by unplanned post-operative ICU admissions. The higher mortality rate
among unplanned post-operative ICU admissions is consistent with literature, (Jhanji
et al., 2008; Wanderer et al., 2013). This finding may be related to the finding that
unplanned admission were more likely to be admitted to ICU following a
complication with post-surgical complications being a contributor to 28-day post-
surgical mortality, (A. J. Fowler et al., 2022). Unplanned post-operative ICU admitted
patients were also more likely to be mechanically ventilated and for a longer duration
and as Gajic and colleagues demonstrated, ICU patients who needed mechanical
ventilation for longer periods of time were more likely to die. (Gajic et al., 2007).
However, after adjusting for pre-operative desaturations, ASA class, female gender,
low pre-operative GCS, pulmonary complications, neurological complications,
unplanned admission and age, only low pre-operative GCS, emergency surgery and
old age was significantly associated with 28-day mortality with aOR of 2.47 95% CI
1.13- 5.42 for GCS of 9- 13, 4.02 95% CI 1.58 -10.2 for GCS of 3- 8, 2.56 95% CI

1.05- 6.24 for emergency surgery and 1.02 95% CI 1.00- 1.03 for age.
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The association between age, emergency surgery and low GCS with 28-day mortality
observed in this study are consistent with literature on contribution of age, emergency
operation and GCS to mortality. In Germany, Menzenbach and others found that a
patient's age was a strong predictor of death in the post-surgical ICU (Menzenbach et
al., 2021). This may be attributable to changes in physiologic capacity to respond to
stress and illness in the extremes of ages with reduced physiologic reserves to bear
surgical and anesthesia related stress. Among post-surgical patients admitted to ICU
in a tertiary hospital in Turkey, a low GCS was found to be an independent predictor
of death in the ICU (Uzman et al., 2016). A low pre-operative GCS is a general
pointer to depressed neurological status and severe physiologic derangement prior to
surgery which when confounded with anesthesia and surgery risk often impairs
capacity to recover. In Kenya as well as other parts of the world, emergency surgery
significantly contributed to post-surgical mortality, (Kituu, Omundi, & Chokwe,
2022; Mullen et al., 2017; Wanderer et al., 2017). Emergency surgery is often
associated with less time to effectively stabilize patients pre-operatively as well as

having life threatening diseases that may progress to mortality with or without

surgery.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

6.1: Conclusions

Cognizant to the findings of this study, we conclude that:

1.

Pulmonary and neurological complications are the commonest reasons for post-
operative ICU admission in Moi Teaching and referral Hospital.

Maxillofacial, ENT, orthopedics and obstetrics and gynecology specialties,
emergency surgery and post-operative complications are associated with
unplanned post-operative ICU admission.

Age, emergency surgery and low pre-operative Glasgow coma scale score are

independent predictors of 28- day mortality among surgical patients in Moi

teaching and referral Hospital.

6.2: Recommendations

1.

Anesthesiologists to improve pre-operative evaluation for risk of pulmonary,
cardiovascular and neurological complication among ASA IV patients, those
with low pre-operative GCS, pre-operative oxygen de-saturations and those to
undergo maxillofacial, ENT and Obstetric surgery as these factors highly
increase patient’s risk for unplanned post-operative ICU admission and
mechanical ventilation.

Anesthesiologists and other critical care providers to use age, type of surgery
and GCS score in ethical dilemmas to determine probability of benefit from
ICU admission or lack thereof when deciding which surgical patient to

allocate ICU space in case of limited ICU bed capacity.

. A study to investigate poor reversal of anesthesia in Moi Teaching and

Referral operating theatres, the single commonest indication for post operative

ICU admission, to identify potential areas for improvement.



80

REFERENCES
Aragon-Benedi, C., Pascual-Bellosta, A., Ortega-Lucea, S., Visiedo-Sanchez, S.,
Martinez-Ubieto, J., Aragon-Benedi, C., ... Romero-Caro, F. (2022). Predictive
study of pharmacological reversal for residual neuromuscular blockade and

postoperative pulmonary complications: a prospective, observational, cohort
study. Scientific Reports, 12(1), 1-9. https://doi.org/10.1038/s41598-022-18917-

y

ASA. (2020). Statement on ASA Physical Status Classification System. Retrieved
June 3, 2024, from https://www.asahq.org/standards-and-practice-
parameters/statement-on-asa-physical-status-classification-system

Asfaw, G., & Eshetie, A. (2020). A case of total spinal anesthesia. International
Journal of Surgery Case Reports, 76, 237-239.
https://doi.org/10.1016/j.ijscr.2020.09.177

Barasa, E. W., Ouma, P. O., & Okiro, E. A. (2020). Assessing the hospital surge
capacity of the Kenyan health system in the face of the COVID-19 pandemic.
PLoS ONE, 15(7 July), 1-13. https://doi.org/10.1371/journal.pone.0236308

Bhat, S. A., S, S. V, & S, C. L. (2006). Audit of Intensive Care Unit Admissions From
the Operating Room. Indian J. Anaesth, 50(3), 193-200.

Biccard, B. M., Madiba, T. E., Kluyts, H. L., Munlemvo, D. M., Madzimbamuto, F.
D., Basenero, A., ... Ray, S. (2018). Perioperative patient outcomes in the
African Surgical Outcomes Study: a 7-day prospective observational cohort
study. The Lancet, 391(10130), 1589—1598. https://doi.org/10.1016/S0140-
6736(18)30001-1

Bing-Hua, Y. U. (2014). Delayed admission to intensive care unit for critically
surgical patients is associated with increased mortality. American Journal of
Surgery, 208(2), 268-274. https://doi.org/10.1016/j.amjsurg.2013.08.044

Bohnen, J. D., Mavros, A. M. N., Ramly, A. E. P., Chang, A. Y., Yeh, D. D, Lee, A.
J., ... Mph, A. (2017). Intraoperative Adverse Events in Abdominal Surgery

What Happens in the Operating Room Does Not Stay in the Operating Room.
265(6), 1119-1125. https://doi.org/10.1097/SLA.0000000000001906

Braga, A., & Abelha, F. (2022). Inadequate emergence after anesthesia for elective
cancer surgery: a single-center cohort study. Brazilian Journal of Anesthesiology
(English Edition), 72(4), 500-505. https://doi.org/10.1016/j.bjane.2021.06.012

Burton, B. N., Khoche, S., A’Court, A. M., Schmidt, U. H., & Gabriel, R. A. (2018).
Perioperative Risk Factors Associated With Postoperative Unplanned Intubation
After Lung Resection. Journal of Cardiothoracic and Vascular Anesthesia,
32(4), 1739-1746. https://doi.org/10.1053/j.jvca.2018.01.032

Canet, J., Gallart, L., Gomar, C., Paluzie, G., Vallg¢s, J., Castillo, J., ... Sanchis, J.
(2010). Prediction of postoperative pulmonary complications in a population-
based surgical cohort. Anesthesiology, 113(6), 1338-1350.
https://doi.org/10.1097/ALN.0b013e3181fc6e0a

Cascella, M., Bimonte, S., & Di Napoli, R. (2020). Delayed emergence from
anesthesia: What we know and how we act. Local and Regional Anesthesia, 13,
195-206. https://doi.org/10.2147/LRA.S230728



81

Chao, T., Patel, P., Rosenberg, J., & Riviello, R. (2015). Surgery at AIC Kijabe
Hospital in Rural Kenya. Harvard Business Publishing, 60—69.

Chiew, C. J., Liu, N., Wong, T. H., Sim, Y. E., & Abdullah, H. R. (2020). Utilizing
Machine Learning Methods for Preoperative Prediction of Postsurgical Mortality
and Intensive Care Unit Admission. Annals of Surgery, 272(6), 1133—-1139.
https://doi.org/10.1097/SLA.0000000000003297

Cihoric, M., Kehlet, H., & Hgjlund, J. (2017). Electrolyte and Acid-base Disturbances
in Emergency High-risk Abdominal Surgery , A Retrospective Study. 1-17.

Coll, A. R., Engl, S., Kamal, T., Conway, R. M., Littlejohn, I., Ricketts, D., & Heath,
H. (2011). The role of a multidisciplinary pre-assessment clinic in reducing
mortality after complex orthopaedic surgery. (April 2009), 149-151.
https://doi.org/10.1308/003588411X561026

Cooper, Harris, Mourad, G. & H. (2017). Comparison between selective and routine
intensive care unit admission post-supraglottoplasty. International Journal of
Pediatric Otorhinolaryngology, 99, 90-94.
https://doi.org/10.1016/;.ijporl.2017.06.001

Cutuli, S. L., Carelli, S., De Pascale, G., & Antonelli, M. (2018). Improving the care
for elective surgical patients: Post-operative ICU admission and outcome.
Journal of Thoracic Disease, Vol. 10, pp. S1047-S1049.
https://doi.org/10.21037/jtd.2018.04.64

Da Silva, P. S. L., De Aguiar, V. E., & Machado Fonseca, M. C. (2013). Risk factors
and outcomes of unplanned PICU postoperative admissions: A nested case-
control study. Pediatric Critical Care Medicine, 14(4), 420—428.
https://doi.org/10.1097/PCC.0b013e3182720fab

de Almeida, C. C., Boone, M. D., Laviv, Y., Kasper, B. S., Chen, C. C., & Kasper, E.
M. (2018). The Utility of Routine Intensive Care Admission for Patients
Undergoing Intracranial Neurosurgical Procedures: A Systematic Review.
Neurocritical Care, 28(1), 35—42. https://doi.org/10.1007/S12028-017-0433-
4/METRICS

de Nadal, M., Pérez-Hoyos, S., Montejo-Gonzalez, J. C., Pearse, R., & Aldecoa, C.
(2018). Intensive care admission and hospital mortality in the elderly after non-
cardiac surgery. Medicina Intensiva (English Edition), 42(8), 463—472.
https://doi.org/10.1016/j.medine.2018.01.011

De Silva, S., Pathirana, A., Gunaratna, A., & Chandraguptha, M. R. (2019). Pattern of
utilization of facilities in the intensive care unit by elective surgical patients in a
tertiary care institution: Can the services be provided by high dependency units
in surgical wards? Journal of the Postgraduate Institute of Medicine, 6(2), 94.
https://doi.org/10.4038/jpgim.8239

Essa, S., Mogane, P., Moodley, Y., & Motshabi Chakane, P. (2022). Risk factors
associated with unplanned ICU admissions following paediatric surgery: A
systematic review. Southern African Journal of Critical Care, 38(2), 53-59.
https://doi.org/10.7196/sajcc.2022.v38i2.504

Fernandez-Bustamante, A., Frendl, G., Sprung, J., Kor, D. J., Subramaniam, B., Ruiz,
R. M, ... Melo, M. F. V. (2017). Postoperative pulmonary complications, early



82

mortality, and hospital stay following noncardiothoracic surgery: A multicenter
study by the perioperative research network investigators. JAMA Surgery, Vol.
152, pp. 157-166. https://doi.org/10.1001/jamasurg.2016.4065

Ferrari, L. R., Leahy, L., Staffa, S. J., Johnson, C., Crofton, C., Methot, C., & Berry, J.
G. (2020). One Size Does Not Fit All: A Perspective on the American Society of
Anesthesiologists Physical Status Classification for Pediatric Patients. Anesthesia
and Analgesia, 1685-1692. https://doi.org/10.1213/ANE.0000000000004277

Fowler, A. J., Wan, Y. L., Prowle, J. R., Chew, M., Campbell, D., Cuthbertson, B., ...
Abbott, T. (2022). Long-term mortality following complications after elective
surgery: a secondary analysis of pooled data from two prospective cohort studies.
British Journal of Anaesthesia, 129(4), 588-597.
https://doi.org/10.1016/j.bja.2022.06.019

Fowler, A. L., Cullivan, O., Sibartie, S., O’Shea, A., Waldron, R., Khan, I, ... Barry,
K. M. (2019). Utilisation of critical care services for surgical patients in a model
three hospital. Irish Journal of Medical Science, 188(4), 1137-1142.
https://doi.org/10.1007/s11845-019-01981-1

Frisch, A., Chandra, P., Smiley, D., Peng, L., Rizzo, M., Gatcliffe, C., ... Umpierrez,
G. E. (2010). Prevalence and clinical outcome of hyperglycemia in the
perioperative period in noncardiac surgery. Diabetes Care, 33(8), 1783—1788.
https://doi.org/10.2337/dc10-0304

Gajic, O., Afessa, B., Thompson, B. T., Frutos-Vivar, F., Malinchoc, M., Rubenfeld,
G. D., ... Hubmayr, R. D. (2007). Prediction of death and prolonged mechanical
ventilation in acute lung injury. Critical Care, 11, R53-R53. Retrieved from
https://go.gale.com/ps/i.do?p=AONE&sw=w&issn=13648535&v=2.1 &it=r&id=
GALE%7CA164715020&sid=googleScholar&linkaccess=fulltext

Gathecha, G. K., Ngaruiya, C., Mwai, W., Kendagor, A., Owondo, S., Nyanjau, L., ...
Kibachio, J. (2018). Prevalence and predictors of injuries in Kenya: Findings
from the national STEPs survey. BMC Public Health, 18(Suppl 3).
https://doi.org/10.1186/s12889-018-6061-x

Gawande, A. A., Kwaan, M. R., Regenbogen, S. E., Lipsitz, S. A., & Zinner, M. J.
(2007). An Apgar Score for Surgery. Journal of the American College of
Surgeons, 204(2), 201-208. https://doi.org/10.1016/j.jamcollsurg.2006.11.011

Gawria, L., Rosenthal, R., van Goor, H., Dell-Kuster, S., ten Broek, R. B., Rosman,
C., ... Vrochides, D. (2022). Classification of intraoperative adverse events in
visceral surgery. Surgery (United States), 171(6), 1570—1579.
https://doi.org/10.1016/j.surg.2021.12.011

Gibson, A. R., Limb, J., & Bell, G. (2014). Retrospective audit of unplanned
admissions to pediatric high dependency and intensive care after surgery.
Paediatric Anaesthesia, Vol. 24, pp. 372-376. https://doi.org/10.1111/pan.12343

Glick, D., Holt, N., & Nussmeier, N. (2021). Overview of post-anesthetic care for
adult patients. UpToDate, 1-24. Retrieved from https://www-uptodate-
com.unh.idm.oclc.org/contents/overview-of-post-anesthetic-care-for-adult-
patients?search=postoperative urinary
retention&source=search_result&selectedTitle=2~150&usage type=default&dis



83

play rank=2#H154735179

Gonzalez-Rivas, D., Stupnik, T., Fernandez, R., De La Torre, M., Velasco, C., Yang,
Y., ... Jiang, G. (2016). Intraoperative bleeding control by uniportal video-
assisted thoracoscopic surgery. European Journal of Cardio-Thoracic Surgery,
49(suppl_1), 117-124. https://doi.org/10.1093/EJCTS/EZV333

Grabitz, S. D., Rajaratnam, N., Chhagani, K., Thevathasan, T., Teja, B. J., Deng, H.,
... Kelly, B. J. (2019). The Effects of Postoperative Residual Neuromuscular
Blockade on Hospital Costs and Intensive Care Unit Admission: A Population-
Based Cohort Study. Anesthesia and Analgesia, 128(6), 1129-1136.
https://doi.org/10.1213/ANE.0000000000004028

Hajnour, M., Tan, P. K., Eldawlatly, A., Alzahrani, T., Ahmed, A., & Khokhar, R.
(2016). Adverse events survey in the postanesthetic care unit in a teaching
hospital. Saudi Journal of Laparoscopy, 1(1), 13. https://doi.org/10.4103/2542-
4629.193040

Haller, G. (2017). Indirect admission to intensive care after surgery: What should be
considered? British Journal of Anaesthesia, 118(2), 153—154.
https://doi.org/10.1093/bja/acw433

Haller, Guy, Myles, P. S., Wolfe, R., Weeks, A. M., Stoelwinder, J., & McNeil, J.
(2005). Validity of unplanned admission to an intensive care unit as a measure of
patient safety in surgical patients. Anesthesiology, 103(6), 1121-1129.
https://doi.org/10.1097/00000542-200512000-00004

Howe, J., Lu, X., Thompson, Z., Peterson, G. W., & Losey, T. E. (2016).
Intraoperative seizures during craniotomy under general anesthesia. Seizure, 38,
23-25. https://doi.org/10.1016/j.seizure.2016.03.010

Hurwitz, E. E., Simon, M., Vinta, S. R., Zehm, C. F., Shabot, S. M., Minhajuddin, A.,
& Abouleish, A. E. (2017). Adding Examples to the ASA-Physical Status
Classification Improves Correct Assignment to Patients. Anesthesiology, 126(4),
614-622. https://doi.org/10.1097/ALN.0000000000001541

Icy, Y., Ventura, N., Towner, J. E., Li, K., Roberts, D. E., & Michael, Y. (2020). Risk
factors and associated complications with unplanned intubation in patients with
craniotomy for brain tumor. Journal of Clinical Neuroscience, 73, 37-41.
https://doi.org/10.1016/j.jocn.2020.01.092

Irita, K. (2011). Risk and crisis management in intraoperative hemorrhage: Human
factors in hemorrhagic critical events. Korean Journal of Anesthesiology, 60(3),
151-160. https://doi.org/10.4097/kjae.2011.60.3.151

Jaramillo, S., Montane-Muntane, M., Capitan, D., Aguilar, F., Vilaseca, A., Blasi, A.,
& Navarro-Ripoll, R. (2019). Agreement of surgical blood loss estimation
methods. Transfusion, Vol. 59, pp. 508-515. https://doi.org/10.1111/trf.15052

Jennifer Kelsey, Alice Whittemore, Alfred Evans, D. T. (1996). Methods in
Observational Epidemiology - Chief of the Division of Epidemiology at the
School of Medicine Stanford University Jennifer L Kelsey, Jennifer L. Kelsey,
Alice S. Whittemore, Professor of Epidemiology in the Division of
Epidemiology at the School. Retrieved February 13, 2021, from
https://books.google.co.ke/books?hl=en&lr=&id=Xnz6VglL.220sC&oi=fnd&pg=



84

PA3&dg=methods+in+observational+epidemiology-+kelsey+pdf&ots=kNI16 23
AUe&sig=TPZgROM43wwp20MEifm89RFMLhs&redir esc=y#v=onepage&q
&f=false

Jhanji, S., Thomas, B., Ely, A., Watson, D., Hinds, C. J., & Pearse, R. M. (2008).
Mortality and utilisation of critical care resources amongst high-risk surgical
patients in a large NHS trust. Anaesthesia, 63(7), 695-700.
https://doi.org/10.1111/j.1365-2044.2008.05560.x

Jung, J. J., & Grantcharov, T. (2019). Adverse Events in the Operating Room :
Definitions , Prevalence , and Characteristics . A Systematic Review.
https://doi.org/10.1007/s00268-019-05048-1

Kaafarani, H. M. A., Mavros, M. N., Hwabejire, J., Fagenholz, P., Yeh, D. D.,
Demoya, M., ... Velmahos, G. C. (2014). Derivation and validation of a novel
severity classification for intraoperative adverse events. Journal of the American
College of Surgeons, 218(6), 1120-1128.
https://doi.org/10.1016/j.jamcollsurg.2013.12.060

Kahan, B. C., Koulenti, D., Arvaniti, K., Beavis, V., Campbell, D., Chan, M., ...
Wildes, T. (2017). Critical care admission following elective surgery was not
associated with survival benefit: prospective analysis of data from 27 countries.
Intensive Care Medicine, 43(7), 971-979. https://doi.org/10.1007/s00134-016-
4633-8

Karcz, M., & Papadakos, P. J. (2013). Respiratory complications in the postanesthesia
care unit: A review of pathophysiological mechanisms. Canadian Journal of
Respiratory Therapy: CJRT = Revue Canadienne de La Thérapie Respiratoire :
RCTR, 49(4), 21. Retrieved from /pmc/articles/PMC4456822/

Karunanantham, J., Ali, J. M., Evans, N. R., Webb, S., & Large, S. R. (2020). Impact
of stroke on outcomes following cardiac surgery: Propensity matched analysis.
Journal of Cardiac Surgery, 35(11),3010-3016.
https://doi.org/10.1111/jocs.14964

Kashkoush, A. 1., Jankowitz, B. T., Nguyen, C., Gardner, P. A., Wecht, D. A.,
Friedlander, R. M., ... Thirumala, P. D. (2017). Perioperative stroke after
cerebral aneurysm clipping: Risk factors and postoperative impact. Journal of
Clinical Neuroscience, 44, 188—195. https://doi.org/10.1016/j.jocn.2017.06.030

Katori, N., Yamakawa, K., Yagi, K., Kimura, Y., Doi, M., & Uezono, S. (2022).
Characteristics and outcomes of unplanned intensive care unit admission after
general anesthesia. BMC Anesthesiology, 22(1), 1-7.
https://doi.org/10.1186/s12871-022-01729-y

Kim, J., Kim, Y., Lee, D., Kim, K.-M., Lee, W. Y., & Lee, S. (2019a). Analysis of the
characteristics of unplanned admission to the intensive care unit after general
surgery. Anesthesia and Pain Medicine, 14(2), 230-235.
https://doi.org/10.17085/apm.2019.14.2.230

Kim, J., Kim, Y., Lee, D., Kim, K.-M., Lee, W. Y., & Lee, S. (2019b). Analysis of the
characteristics of unplanned admission to the intensive care unit after general
surgery. Anesthesia and Pain Medicine, 14(2), 230-235.
https://doi.org/10.17085/apm.2019.14.2.230



85

Kituu, N., Omundi, S. K., & Chokwe, T. M. (2022). Mortality Trends at the Kenyatta
National Hospital Surgical Operating Theaters: A 5-Year Retrospective Study.
Annals of African Surgery, 19(1), 33-40. https://doi.org/10.4314/AAS.V1911.7

Kovacevic, P., Djajic, V., Momcicevic, D., Zlojutro, B., Jandric, M., Kovacevic, T.,
... Dragic, S. (2023). Boosting ICU capacity during the COVID-19 pandemic in
the western Balkan region, The Republic of Srpska experience. Journal of Public
Health Research, 12(1). https://doi.org/10.1177/22799036231151762

Lalani, H. S., Waweru-Siika, W., Mwogi, T., Kituyi, P., Egger, J. R., Park, L. P., &
Kussin, P. S. (2018). Intensive care outcomes and mortality prediction at a
National Referral Hospital in Western Kenya. Annals of the American Thoracic
Society, 15(11), 1336—1343. https://doi.org/10.1513/AnnalsATS.201801-0510C

Landry, E. K., Gabriel, R. A., Beutler, S., Dutton, R. P., & Urman, R. D. (2017).
Analysis of Unplanned Intensive Care Unit Admissions in Postoperative
Pediatric Patients. Journal of Intensive Care Medicine, 32(3), 204-211.
https://doi.org/10.1177/0885066616661152

Li, Q., Zhang, X., Xu, M., & Wu, J. (2019). A retrospective analysis of 62,571 cases
of perioperative adverse events in thoracic surgery at a tertiary care teaching
hospital in a developing country. Journal of Cardiothoracic Surgery, 14(1), 1-7.
https://doi.org/10.1186/s13019-019-0921-z

Lin, Y. C., Chen, Y. C., Yang, C. H., & Su, N. Y. (2021). Surgical Apgar score is
strongly associated with postoperative ICU admission. Scientific Reports, 11(1),
1-7. https://doi.org/10.1038/s41598-020-80393-z

Lisa Eisler, May Hua, Guohua, Lena Sun, M. K. (2019). unplanned post op intubation
in infants.pdf. Anesthesia and Analgesia.

Lukannek, C., Shaefi, S., Platzbecker, K., Raub, D., Santer, P., Nabel, S., ...
Eikermann, M. (2019). The development and validation of the Score for the
Prediction of Postoperative Respiratory Complications (SPORC-2) to predict the
requirement for early postoperative tracheal re-intubation: a hospital registry
study. Anaesthesia, 74(9), 1165—1174. https://doi.org/10.1111/anae.14742

Lupei, M. L., Chipman, J. G., Beilman, G. J., Oancea, S. C., & Konia, M. R. (2014).
The association between ASA status and other risk stratification models on
postoperative intensive care unit outcomes. Anesthesia and Analgesia, 118(5),
989-994. https://doi.org/10.1213/ANE.0000000000000187

Makarem, J., Larijani, A. H., Eslami, B., Jafarzadeh, A., Karvandian, K., &
Mireskandari, S. M. (2020). Risk factors of inadequate emergence following
general anesthesia with an emphasis on patients with substance dependence
history. Korean Journal of Anesthesiology, 73(4), 302-310.
https://doi.org/10.4097/kja.19214

Management of hemorrhage in gynecologic surgery - UpToDate. (n.d.). Retrieved
January 30, 2023, from https://www.uptodate.com/contents/management-of-
hemorrhage-in-gynecologic-surgery

Marshall, D. C., Salciccioli, J. D., Goodson, R. J., Pimentel, M. A., Sun, K. Y., Celi,
L. A., & Shalhoub, J. (2017). The association between sodium fluctuations and
mortality in surgical patients requiring intensive care. Journal of Critical Care,



86

40, 63—68. https://doi.org/10.1016/j.jcrc.2017.02.012

Max kelz, Paul garcia, George mashour, K. solt. (2019). Neural mechanism of
emergence from general anesthesia. Anesthesia and Analgesia, 124(4), 728-736.
https://doi.org/10.1053/j.gastro.2016.08.014.CagY

Menzenbach, J., Layer, Y. C., Layer, Y. L., Mayr, A., Coburn, M., Wittmann, M., &
Hilbert, T. (2021). The level of postoperative care influences mortality prediction
by the POSPOM score: A retrospective cohort analysis. PLoS ONE, 16(9).
https://doi.org/10.1371/JOURNAL.PONE.0257829

Meziane M, El Jaouhari SD, ElKoundi A, Bensghir M, Baba H, Ahtil R, Khalil A,
Balkhi H, H. C. (2017). incidence of unplanned post surgical ICU adm.pdf.
Indian Journal of Critical Care Medicine, 21, 127-130.

Meziane, M., El Jaouhari, S. D., EIKoundi, A., Bensghir, M., Baba, H., Ahtil, R., ...
Haimeur, C. (2017). Unplanned intensive care unit admission following elective
surgical adverse events: Incidence, patient characteristics, preventability, and
outcome. Indian Journal of Critical Care Medicine, 21(3), 127-130.
https://doi.org/10.4103/ijccm.IICCM_428 16

Miskovic, A., & Lumb, A. B. (2017). Postoperative pulmonary complications. British
Journal of Anaesthesia, Vol. 118, pp. 317-334.
https://doi.org/10.1093/bja/aex002

Mohammed Iddrisu, S., Considine, J., & Hutchinson, A. (2018). Frequency, nature
and timing of clinical deterioration in the early postoperative period. Journal of
Clinical Nursing, 27(19-20), 3544-3553. https://doi.org/10.1111/jocn.14611

Mullen, M. G., Michaels, A. D., Mehaffey, H. J., Guidry, C. A., Turrentine, L. E.,
Hedrick, T. L., & Friel, C. M. (2017). Risk associated with complications and
mortality after urgent surgery vs elective and emergency surgery : Implications
for defining “quality” and reporting outcomes for urgent surgery. JAMA Surgery,
152(8), 768—774. https://doi.org/10.1001/jamasurg.2017.0918

Mungai. (2011). UNPLANNED POST-OPERATIVE ADMISSIONS TO THE
CRITICAL CARE UNIT AT KENYATTA NATIONAL HOSPITAL A
DISSERTATION IN PART FULFILMENT OF THE REQUIREMENTS FOR
AWARD OF THE DEGREE OF MASTER OF MEDICINE IN ANAESTHESIA
OF THE UNIVERSITY OF NAIROBI .

Murthy, S., & Adhikari, N. K. (2013). Global health care of the critically ill in low-
resource settings. Annals of the American Thoracic Society, 10(5), 509-513.
https://doi.org/10.1513/AnnalsATS.201307-2460T

Mpylavarapu, K. K., Joshi, A., & Kapoor, R. (2023). Outcomes of near-miss/adverse
perioperative events during elective and emergency non-cardiac surgeries that
required unplanned admissions to the intensive care unit of a tertiary care center:
a retrospective cohort study. Ain-Shams Journal of Anesthesiology 2023 15:1,
15(1), 1-7. https://doi.org/10.1186/S42077-023-00318-6

Nafiu, O. O., Ramachandran, S. K., Ackwerh, R., Tremper, K. K., Campbell, D. A., &
Stanley, J. C. (2011). Factors associated with and consequences of unplanned

post-operative intubation in elderly vascular and general surgery patients.
European Journal of Anaesthesiology, 28(3), 220-224.



87

https://doi.org/10.1097/EJA.0b013e328342659¢

Nair, A., Bharuka, A., & Rayani, B. K. (2018). The Reliability of Surgical Apgar
Score in Predicting Immediate and Late Postoperative Morbidity and Mortality:
A Narrative Review. Rambam Maimonides Medical Journal, 9(1), €0004.
https://doi.org/10.5041/rmm;j.10316

Nunnally, M. E., O’Connor, M. F., Kordylewski, H., Westlake, B., & Dutton, R. P.
(2015). The incidence and risk factors for perioperative cardiac arrest observed
in the national anesthesia clinical outcomes registry. Anesthesia and Analgesia,
120(2), 364-370. https://doi.org/10.1213/ANE.0000000000000527

Okafor, U. V. (2009). An audit of unplanned postoperative intensive care unit
admissions in Enugu, Nigeria: Causes and outcome. Southern African Journal of
Critical Care, 25(1), 16-19. https://doi.org/10.7196/SAJCC.70

Onwochei, D. N, Fabes, J., Walker, D., Kumar, G., & Moonesinghe, S. R. (2020).
Critical care after major surgery: a systematic review of risk factors for
unplanned admission. Anaesthesia, 75(S1), €62—¢74.
https://doi.org/10.1111/anae.14793

Onyekwulu, F., & Anya, S. (2015). Pattern of Admission and Outcome of Patients
Admitted into the Intensive Care Unit of University of Nigeria Teaching
Hospital Enugu: A 5-Year Review. Nigerian Journal of Clinical Practice, 18(6),
775-779. https://doi.org/10.4314/njcp.v18i6.

Papachristos, A. J., Cherry, T. J., Nyandoro, M. G., Lisewski, D., Stevenson, S. J.,
Mercer, P., ... Miller, J. A. (2021). Bi-national Review of Phaeochromocytoma
Care: Is ICU Admission Always Necessary? World Journal of Surgery, 45(3),
790-796. https://doi.org/10.1007/s00268-020-05866-8

pathomporn, saringkarinkul, yodying, kacha, W. (2018). Serum electrolyte imbalance
and prognosticfactors of postoperative death in adulttraumatic brain injury
patients.pdf.

Pearse, R. M., Clavien, P. A., Demartines, N., Fleisher, L. A., Grocott, M., Haddow,
J., ... Hubner, M. (2016). Global patient outcomes after elective surgery:
Prospective cohort study in 27 low-, middle- and high-income countries. British
Journal of Anaesthesia, 117(5), 601-609. https://doi.org/10.1093/bja/aew316

Pearse, R. M., Harrison, D. A., James, P., Watson, D., Hinds, C., Rhodes, A., ...
Bennett, E. D. (2006). Identification and characterisation of the high-risk
surgical population in the United Kingdom. 10(3), 10-15.
https://doi.org/10.1186/cc4928

Pearse, R. M., Moreno, R. P., Bauer, P., Pelosi, P., Metnitz, P., Spies, C., ...
Paananen, S. (2012). Mortality after surgery in Europe: A 7 day cohort study.
The Lancet, 380(9847), 1059—1065. https://doi.org/10.1016/S0140-
6736(12)61148-9

Peponis, T., Baekgaard, J. S., Bohnen, J. D., Han, K., Lee, J., Saillant, N., ...

Kaafarani, H. M. A. (2018). events ? A prospective study of 1 , 989 patients ¥.
Surgery, 0, 1-5. https://doi.org/10.1016/j.surg.2018.04.035

Petersen Tym, M. K., Ludbrook, G. L., Flabouris, A., Seglenieks, R., & Painter, T. W.



88

(2017). Developing models to predict early postoperative patient deterioration
and adverse events. ANZ Journal of Surgery, 87(6), 457-461.
https://doi.org/10.1111/ans.13874

Plaud, B., Debaene, B., Donati, F., & Marty, J. (2010). Residual paralysis after
emergence from anesthesia. Anesthesiology, 112(4), 1013-1022.
https://doi.org/10.1097/ALN.0b013e3181cded07

Protopapa, K. L., Simpson, J. C., Smith, N. C. E., & Moonesinghe, S. R. (2014).
Development and validation of the Surgical Outcome Risk Tool (SORT). British
Journal of Surgery, 101(13), 1774—1783. https://doi.org/10.1002/bjs.9638

Quinn, T. D, Brovman, E. Y., Aglio, L. S., & Urman, R. D. (2017). Factors
associated with an increased risk of perioperative cardiac arrest in emergent and

elective craniotomy and spine surgery. Clinical Neurology and Neurosurgery,
161, 6-13. https://doi.org/10.1016/j.clineuro.2017.07.014

Quinn, T. D., Gabriel, R. A., Dutton, R. P., & Urman, R. D. (2017). Analysis of
Unplanned Postoperative Admissions to the Intensive Care Unit. Journal of
Intensive Care Medicine, 32(7), 436—443.
https://doi.org/10.1177/0885066615622124

Rupert, H. & G. (2011). Managing perioperative risk in patients undergoingelective
noncardiac surgery.pdf. BMJ (Online), 343.

Samad, K., Khan, M., Khan, F. A., Hamid, M., & Khan, F. H. (2006). Original Article
Unplanned Prolonged Postanaesthesia Care Unit Length of Stay and Factors
affecting it. 56(3), 108—112.

Seglenieks, R., Painter, T. W., & Ludbrook, G. L. (2014). Predicting patients at risk
of early postoperative adverse events. 649—656.
https://doi.org/10.1177/0310057X1404200516

Sessler, D. 1., & Khanna, A. K. (2018). Perioperative myocardial injury and the
contribution of hypotension. Intensive Care Medicine, 44(6), 811-822.
https://doi.org/10.1007/s00134-018-5224-7

Sharma, S., Hashmi, M. F., & Bhattacharya, P. T. (2021). Hypotension.
Echocardiography for Intensivists, 275-282. Retrieved from
https://www.ncbi.nlm.nih.gov/books/NBK499961/

Simpson, J. C., & Moonesinghe, S. R. (2013). Introduction to the postanaesthetic care
unit. Perioperative Medicine, 2(1), 1-7. https://doi.org/10.1186/2047-0525-2-5

Singh, V., Datta, R., Sasidharan, S., Tomar, L., & Babitha, M. (2019). Prospective
Evaluation and Analysis of Postoperative Admissions in the Intensive Care Unit
of a Tertiary Care Hospital: An Indian Update. Journal of Translational Critical
Care Medicine, 1(4), 127. https://doi.org/10.4103/jtccm.jtccm_6 20

Spitzer, D., Wenger, K. J., Neef, V., Divé, 1., Schaller-Paule, M. A., Jahnke, K., ...
Burger, M. C. (2021). Local anesthetic-induced central nervous system toxicity
during interscalene brachial plexus block: A case series study of three patients.
Journal of Clinical Medicine, 10(5), 1-13. https://doi.org/10.3390/jcm10051013

Stones, J., & Yates, D. (2019). Clinical risk assessment tools in anaesthesia. BJA4
Education, 19(2), 47-53. https://doi.org/10.1016/j.bjae.2018.09.009



89

Sukhonthamarn, K., Grosso, M. J., Sherman, M. B., Restrepo, C., & Parvizi, J.
(2020). Risk Factors for Unplanned Admission to the Intensive Care Unit After
Elective Total Joint Arthroplasty. The Journal of Arthroplasty, 1-4.
https://doi.org/10.1016/j.arth.2020.03.003

Thevathasan, T., Med, C., Copeland, C. C., Long, D. R., Patrocinio, M. D., Friedrich,
S., ... Sarge, T. (2018). The Impact of Postoperative Intensive Care Unit
Admission on Postoperative Hospital Length of Stay and Costs: A Prespecified
Propensity-Matched Cohort Study. Anesthesia and Analgesia, XXX(Xxx), 1-9.
https://doi.org/10.1213/ANE.0000000000003946

Tobi, K., Osazuwa, M., & Enyi-Nwafor, K. (2013). Length of stay in the
postanaesthetic care unit at the university of Benin Teaching Hospital: An
observational study. Journal of Medicine and Biomedical Research, 2(2).
https://doi.org/10.4314/jmbr.v12i2

Tomlinson, J. H., & Moonesinghe, S. R. (2016). Risk assessment in anaesthesia.
Anaesthesia and Intensive Care Medicine, 17(10), 486—491.
https://doi.org/10.1016/j.mpaic.2016.07.003

Truhlar, A., Deakin, C. D., Soar, J., & al., et. (2015). European Resuscitation Council
Guidelines for Resuscitation 2015 Section 4. Cardiac arrest in special
circumstances. Resuscitation, 95, 147-200.

Uzman, S., Yilmaz, Y., Toptas, M., Akkoc, 1., Gul, Y. G., Daskaya, H., & Toptas, Y.
(2016). A retrospective analysis of postoperative patients admitted to the
intensive care unit. Hippokratia, 20(1), 38. Retrieved from
/pmc/articles/PMC5074395/

Vijay Singh, R. D., & Shibu Sasidharan, L. T. (2020). Spectrum of Postoperative
Admissions in the Intensive Care Unit of a Tertiary Care Hospital : An Indian
Update. Saudi Critical Care Journal, 96—102. https://doi.org/10.4103/sccj.sccj

vijay tarnal, Philips vliseded, G. mashour. (2016). The Neurobiology of Anesthetic
Emergence. Neurosurg Anesthesiology, 28(3), 250-255.
https://doi.org/10.1053/j.gastro.2016.08.014.CagY

Vincent, J. L., Marshall, J. C., Namendys-Silva, S. A., Francois, B., Martin-Loeches,
L., Lipman, J., ... Brealey, D. (2014). Assessment of the worldwide burden of
critical illness: The Intensive Care Over Nations (ICON) audit. The Lancet
Respiratory Medicine, 2(5), 380-386. https://doi.org/10.1016/S2213-
2600(14)70061-X

Wanderer, J. P., Anderson-Dam, J., Levine, W., & Bittner, E. A. (2013). Development
and validation of an intraoperative predictive model for unplanned postoperative
intensive care. Anesthesiology, 119(3), 516-524.
https://doi.org/10.1097/ALN.0b013e31829ce8fd

Wanderer, J. P., Phil, M., Mungai, M., Scherdin, J., Harris, P. A., Ph, D., ... Mcevoy,
M. D. (2017). perioperative mortality in Kenya. Anesthesiology, 127(2), 250—
271.

Weber, L., Padevit, L., Miiller, T., Velz, J., Vasella, F., Voglis, S., ... Neidert, M. C.
(2022). Association of perioperative adverse events with subsequent therapy and
overall survival in patients with WHO grade III and IV gliomas. Frontiers in



90

Oncology, 12, 0-7. https://doi.org/10.3389/fonc.2022.959072

Wesselink, E. M., Kappen, T. H., Torn, H. M., Slooter, A. J. C., & Klei, W. A. Van.
(2018). Intraoperative hypotension and the risk of postoperative adverse
outcomes : a systematic review. British Journal of Anaesthesia, 121(4), 706—721.
https://doi.org/10.1016/j.bja.2018.04.036

Yetneberk, T., Firde, M., Tiruneh, A., Fentie, Y., Tariku, M., Mihret, G., & Moore, J.
(2022). Incidence of unplanned intensive care unit admission following surgery
and associated factors in Amhara regional state hospitals. Scientific Reports,
12(1), 1-6. https://doi.org/10.1038/s41598-022-24571-1

Zhou, J. C., Pan, K. H., Huang, X., Yu, W. Q., & Zhao, H. C. (2015). Delayed
admission to ICU does not increase the mortality of patients post neurosurgery.
International Journal of Neuroscience, 125(6), 402—408.
https://doi.org/10.3109/00207454.2014.943370



91

APPENDICES

Appendix 1: MTRH ICU admission protocol
1. Prioritization Model

This system defines those that will benefit most from the ICU (priority 1) to those that
will not benefit at all (priority 4) from ICU admission.

Priority 1: These are critically ill, unstable patients in need of intensive treatment and
monitoring that cannot be provided outside the ICU. Usually, these treatments include
ventilator support, continuous vasoactive drug infusion, etc. priority 1 patient
generally have no limits placed on the extent of therapy they are to receive. Examples
of these patients may include post-operative or acute respiratory failure patients
requiring mechanical ventilatory support and shock or hemodynamically unstable
patients receiving invasive monitoring and/or vasoactive drugs.

Priority 2: These patients require intensive monitoring and may potentially need
immediate intervention. No therapeutic limits are generally stipulated for these
patients. Examples include patients with chronic comorbid conditions who develop
acute severe medical or surgical illness.

Priority 3: These unstable patients are critically ill but have a reduced likelihood of
recovery because of the underlying disease or nature of their acute illness. Priority 3
patients may receive intensive treatment to relieve acute illness but limits on
therapeutic efforts may be set such as no intubation or cardiopulmonary resuscitation.
Examples include patients with metastatic malignancy complicated by infection,
cardiac tamponade, or airway obstruction.

Priority 4: These are patients that are generally not appropriate for ICU admission.
Admission of these patients should be on an individual basis, under unusual
circumstances, and at the discretion of the ICU director. These patients may be placed
in the following categories:

A. Little or no anticipated benefit from ICU care based on low risk of active
intervention that could not be safely administered in a non-ICU setting (too
well to benefit from ICU care). Examples include patients with peripheral
vascular surgery, hemodynamically stable diabetic ketoacidosis, mild
congestive heart failure, conscious drug overdose, etc.

B. Patients with terminal and irreversible illnesses facing imminent death (too

sick to benefit from ICU care). For example, severe irreversible brain damage,
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irreversible multi-organ failure, metastatic cancer unresponsive to
chemotherapy and/or radiation therapy (unless a patient is on a specific
treatment protocol), patients with decision-making capacity who decline
intensive care and or invasive monitoring, and who receive comfort care only,
brain dead non-organ donors, patients in a persistent vegetative state, patients

who are permanently unconscious, etc.

I1. Diagnosis model

This model uses specific conditions or diseases to determine the appropriateness of

ICU admission

A.
1.

il

9,

Cardiac system

Acute myocardial infarction with complications

Cardiogenic shock

Complex arrhythmias requiring close monitoring and intervention

Acute congestive heart failure with respiratory failure and/or requiring
hemodynamic support

Hypertensive emergencies

Unstable angina, particularly with dysrhythmias, hemodynamic instability, or
persistent chest pain.

S/P cardiac arrest (status post-cardiac arrest)

Cardiac tamponade or constriction with hemodynamic instability

Dissecting aortic aneurisms

. Complete heart blocks

B: Pulmonary system

Acute respiratory failure requiring ventilatory support

Pulmonary embolism with hemodynamic instability

Patients in an intermediate care unit who are demonstrating respiratory
deterioration

Need for nursing/ respiratory care not available in lesser care areas such as
floor or intermediate care units

Massive hemoptysis amenable to medico-surgical intervention

Respiratory failure with imminent intubation

C: Neurologic disorders

Acute stroke with altered mental status and cardiopulmonary instability

Coma: metabolic, toxic or anoxic, GCS less than 8/15 with respiratory
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compromise after appropriate surgical intervention

Intracranial hemorrhage with potential for herniation

Acute subarachnoid hemorrhage

Meningitis with altered mental status and respiratory compromise

Central nervous system and neuromuscular disorders with deteriorating
neurologic or pulmonary function

Status epilepticus unresponsive to optimal anticonvulsive therapy

Braindead or potentially brain dead who are being aggressively managed
while determining organ donation status

Vasospasm after MRI angiogram

10. Severe head injury patients

D
1.
2.

: Drug ingestion and drug overdose
Hemodynamically unstable drug ingestion
Drug ingestion with significantly altered mental status with inadequate airway
protection
Seizure following drug ingestion

: Gastrointestinal disorders
Life-threatening gastrointestinal bleeding including hypotension, angina,
continued bleeding, or comorbid

Severe pancreatitis

F: Endocrine

A I

— Q) © »©» =

Diabetic ketoacidosis is complicated with hemodynamic instability, altered
mental status, respiratory insufficiency, or severe acidosis
Thyroid storm or myxedema coma with hemodynamic instability
Hyperosmolar state with coma and/or hemodynamic instability
Other endocrine problems such as adrenal crises with hemodynamic instability
Severe hypercalcemia with altered mental status, requiring hemodynamic
monitoring
Hypo or hypernatremia with seizures, altered mental status
Hypo or hypermagnesaemia with hemodynamic compromise or dysrhythmias
Hypo or hyperkalemia with dysrhythmias or muscular weakness
Hypophosphatemia with muscular weakness

: Surgical

Postoperative patients requiring hemodynamic monitoring/ ventilatory support
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Inhalational burns that require intubation to counter airway edema
Less than 60% of burns who require ventilatory support

H: Miscellaneous

Septic shock with hemodynamic instability

Hemodynamic monitoring

Environmental injuries (lightning, near drowning, hypo/hyperthermia)

A T o

New/ experimental therapies with potential for complication

III: Objective parameter model

Objective criteria have been requested, expected, and reviewed from individual
hospitals as part of the joint commission on accreditation of healthcare organizations'
review process of special units in the past. While the review process has jointly been
changed, it is understandable that hospitals would continue to incorporate objective
parameters as part of the admitting criteria. The criteria listed, while arrived at by
consensus, are by necessity arbitrary. They may be modified based on local
circumstances. Data demonstrating improved outcomes using specific criteria levels
are not available.

Vital signs

Pulse <40 or> 150 beats per minute

Systolic arterial pressure <80 mmHg or 20 mmHg below the patient's usual pressure
Mean arterial pressure <60 mmHg

Diastolic pressure >120mmHg

Respiratory rate >35 breaths/ minute in adults and 50 in babies

Laboratory values (newly discovered)

Serum sodium <110mEq/L or >170mEq/L

Serum potassium <2.0mEq/L or >7.0mEq/L

Pa02 <50 mmHg despite adequate O2 therapy

pH<7.1 or>17.7

Serum glucose >30mmol/L

Serum calcium >15mg/dl

The toxic level of drug or chemical substance in a hemodynamically or neurologically
compromised patient

Radiology/ultrasonography/tomography (newly discovered)

Cerebral vascular hemorrhage, contusion, or subarachnoid hemorrhage with altered

mental status or focal neurological signs
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Ruptured viscera, bladder, liver, esophageal varices, or uterus with hemodynamic
instability after surgical intervention

Dissecting aortic aneurysm

Electrocardiogram

Myocardial infarction with complex arrhythmias, hemodynamic instability, or
congestive heart failure

Sustained ventricular tachycardia or ventricular fibrillation

Complete heart block with hemodynamic instability

Physical findings (acute onset)

Unequal pupils in an unconscious patient

Burns covering >10% BSA who need airway protection

Airway obstruction

Coma

Continuous seizures

Cyanosis

Cardiac tamponade

Discharge criteria

The status of patients admitted to an ICU should be reviewed continuously to identify
patients who may no longer need ICU care.

A. When a patient’s physiologic status has stabilized and the need for ICU

monitoring and care is no longer necessary.

B. When a patient’s physiological status has deteriorated and active interventions
Discharge criteria from critical care units should be similar to the admitting criteria
for the next level of care such as intermediate care where available.

However, not all patients require intermediate care after ICU discharge

Triage

Under ideal conditions, patients would be admitted or discharged strictly on their
potential benefit from ICU care. Unfortunately, in many instances, the number of
potential ICU patients exceeds the available beds. A method of prioritizing or triaging
patients is necessary. Initial triage of patients may follow the guidelines given in the
prioritization model for admissions. In the environment where ICU admissions are
rigorously screened for benefit and discharge is ongoing and continuous, the need for
triage is minimized. When all ICUs and step-down units are filled, the ICU/critical

care director should have access to all of these units and have the responsibility and
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authority to admit/ discharge patients from these units. Triage policies for an
institution should be written in advance. Triage decisions should be made explicitly
and without bias. Ethnic origin, race, sex, social status, sexual preference, or financial
status should never be considered in triage decisions.

Triage decisions may be made without patient or surrogate consent and can be made
despite an anticipated untoward outcome. Religious or moral convictions may be the
basis for providing treatment 'if the cost is not borne by the general society and the
provision of such services does not foreclose the treatment of other patients who
would benefit from critical care'. The topic of triage of the critically ill has been
recently reviewed by the society of critical care medicine ethics committee. The
reader is referred to this document for a more in-depth discussion of this topic.
Performance review

The performance evaluation and review of an ICU should include its admission/
discharge/ triage policy. A multi-professional team should review performance at
least annually. To adequately review performance as it relates to admission, outcome,
and the decision-making process, a database table to track these and other variables
would be extremely useful. Severity-adjusted outcomes should be utilized whenever
possible to minimize the effect of severity of illness on raw mortality data,
independent of policy or care standards.

As guidelines to limit these types of admissions are instituted, care must be taken to
track the patients send to other areas to assure equivalency of outcome, length of stay,
etc. a mechanism to review requested admissions that were denied should readmission
to the ICU for a similar problem should be monitored closely as they may directly
relate to the quality of the discharge process.

The quality and efficiency of an ICU should be continually examined and improved
through this process. Studies examining objective criteria for admission and the
benefit of admission to ICUs should be encouraged to better define the appropriate
utilization of this important and expensive resource.

Overflow

When the ICU is full and a bed is needed, the respective limit and the administration
should liaise with the other critical care areas to determine their bed status and the
possibility of transfer of the patient.

Emergency admission

Patients from the emergency department or the wards who are considered by the
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attending doctor to require intensive care will be seen by one of the ICU MQO's and or
consultant on-call/ private wings will then evaluate and determine their need for
admission to the intensive care unit. No patient will gain automatic admission to the
ICU, without being assessed in this manner. Those being from other ICU with poor
communication and arrangement, early referral to the ICU team are encouraged to
allow for better assessment and earlier institution of therapy.

Post-operative admissions

Elective surgery

Certain patients who have major elective procedures benefit from admission to the
ICU postoperatively. These patients should have a bed booked in the ICU pre-
operatively and their post-operative care discussed, where possible, with the ICU
team leader communication should be made 1 day prior. The ICU team must make
every effort to prevent the cancellation of such surgical cases.

Emergency surgery

When an ICU bed is required for an emergency case, the ICU should be notified as
soon as possible (preferably by the attending anesthetist) or that a bed is available and
the patient can be transferred directly from the theater to the ICU. The handover of
care by the attending anesthetist to the ICU doctor on duty should occur in the ICU.
Admission from other hospitals

Eligible patients from other hospitals who may benefit from intensive care in MTRH
may be admitted directly to the ICU following consultation with the attending doctor
from the receiving service. Doubt about suitability for the ICU care should be
assessed by the attending doctors/ ICU team in the emergency department and a
decision made there about correct placement.

The transfer must occur within 12 hours of acceptance. If there is a delay, the transfer
must be reorganized and the status of the patient reassessed and updated before the
reacceptance.

Mechanically ventilated patients

Ventilated patient or patients who are hemodynamically unstable may be admitted
directly to the ICU but the delays about the patient and caregiving must be available
on admission to the ICU so that investigations and therapy can be commenced
without delay. Some such patients may benefit from a rapid assessment in the ER

before transfer to ICU.
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Non-ventilated patients

Patients from other hospitals who are not being ventilated or who are
hemodynamically stable will be accepted in consultation with the attending doctor.
These patients should be assessed in the emergency department and admitted either to
the ICU or a hospital ward depending on their condition. A bed must be available in
the ICU before transfer.

Prepared and developed by,

Anesthesia and critical care team

Section Head, ICU

Dr. Kerema Josephat.................cooiiiiiiinnne, Date:...ooviiiiiii
Approved by,
Dr. Wilson K. Aruasa, MBS......................... Date:...oooo

Chief Executive Officer
Moi Teaching and Referral Hospital
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Appendix 2: informed consent

INFORMED CONSENT FORM

Study Title: Post-operative intensive care unit admission and patient outcomes at
Moi Teaching and Referral Hospital

Name of the Investigator: Dr. Solomon Mwau, a post-graduate student at Moi
University undertaking a master of medicine in anesthesia and critical care.

Informed Consent Form for Post-surgical Intensive Care Unit (ICU) admitted
patients

This Informed Consent Form has two parts:

* Part I: Information Sheet [to share information about the study with you]

* Part II: Certificate of Consent [for signatures if you choose to participate]

PART I: INFORMATION SHEET

Introduction:

You are being requested to participate in a research study. This section will inform
you about the study. Kindly read it carefully and ask the question(s) that you may
have after reading.

Participating in this study is voluntary and non-participation will not affect your rights
to health care or any other services. Your treatment will not be affected if you decide
not to participate. You may voluntarily withdraw from this study at any time.
Information obtained from you will be destroyed in case of withdrawal before data
de-identification and aggregation. You will receive a copy of this form after it is
signed.

Purpose of the study:

The study aims to identify factors linked to admission to ICU after surgery and
compare patient outcomes among patients with prior ICU bed booking and those
without.

Study site: Moi Teaching and Referral Hospital

Study population:

Participants of this study are patients that have been admitted to the intensive care unit
(ICU) after undergoing surgery in Moi Teaching and Referral Hospital

Study procedures:

A participant joins the study at admission to ICU after surgery where details about the

patient, surgery, and anesthesia are filled into the data collecting form. The participant
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is then followed until discharge from ICU or for twenty eight(28) days from the date
of ICU admission whichever is longer. During follow-up, details of participants'
conditions are recorded in the data collection form. At the end of the study, data will
be analyzed to determine factors that lead to ICU admission after surgery and patient
outcomes among those admitted to ICU after surgery.

If you agree to participate in the study, you will do the following:

v Sign a consent form to indicate your voluntary participation
v Answer to some questions about your health before surgery
v Receive calls inquiring about your health if you are discharged from ICU in

less than 28 days

Benefits:

There are no direct benefits to you for participating in this study. The findings of the
study will however help doctors in the future to determine which patients are most
likely to benefit from being admitted to ICU after surgery.

Risks/Discomforts:

There are no directly perceived risks in participating in this study as participants and
non-participants will be treated equally.

Payments and Reimbursements:

No payments or reimbursement will be offered for participating in this study.
Confidentiality:

Information obtained during this study will be kept confidential and using such
information will follow national privacy guidelines. By signing this study's consent
document you are permitting the use of your study information.

We may need to share your protected information with the community advisory
board, MTRH//MU-IREC, NACOSTI, or the healthcare team. We will retain your
research records for at least six years after the study is completed. At that time, the
research information is destroyed by shredding the data collection forms. If you
decide to withdraw your permission for use of your data, contact the researcher in
writing and let them know your decision. At that time, we will stop further collection
of any information about you. However, the health information collected before this
withdrawal may continue to be used for reporting and research quality.

Some information obtained from this study will be added to your medical records and

kept as per MTRH health records storage and disposal protocols.
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Injury compensation:

In the event of psychological trauma resulting from participation in this study, the
participant will undergo a session of psychological counseling at the cost of the

researcher.

PART II: CONSENT OF PATICIPANT:

I have read or have had someone read to me the description of the research study.
The investigator or his representative has answered all the questions I have regarding
the study at this time. I have been told of the potential risks and discomfort of the
study. I volunteer to take part in this study/ I freely volunteer my next of kin (study
participant) to take part in this study.

Name of Participant Signature of participant/Thumbprint Date &

Time
Name next of kin Signature of next of kin Date &
Time
Name of the person obtaining consent Signature of person the person Date &
Time

obtaining consent

Dr. Solomon Mwau

The investigator Signature of Investigator

Date

Contacts for questions about the study

Questions about the study: You may contact the researcher, Dr. Solomon Mwau, on
phone number 072421373 1or email Solomon.mwau@gmail.com

Questions about your rights as a participant: You may contact the Institutional Ethics
and Research Committee (MTRH//MU-IREC) 0787723677 or email irec@mtrh.go.ke
or irecoffice@gmail.com. The MTRH//MU-IREC is a group of people that review

studies for safety and to protect the rights of participants.



Appendix 3: Data collection sheet
Demographic characteristics

Patient name Contact
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Age Gender

Part 1: Patient characteristics

1. Is patient suffering from medical comorbidities? Yes
If yes to question 1, select the appropriate

v’ Hypertension Yes No

Diabetes mellitus Yes No

No

Cardiac Disease Yes No

v
v’ Chronic obstructive lung disease Yes
v
v

Other (specify)

2. ASA classification I II 11

v

Part 2: surgical factors
1. Surgery Type: Elective Emergency
2. Surgical specialty:

3. Surgery Duration from initiation to reversal of anesthesia (in minutes):

4. Surgical team constitution: Consultant surgeon(s) present Yes No

Part 3: anesthesia factors

1. Type of anesthesia: General Regional/Local

2. Anesthesia team constitution: Consultant Anesthesiologist present Yes ~ No

Part 4: Reason(s) for ICU admission

1. Type of ICU admission: Planned Unplanned

2. What complication(s) lead to ICU admission?

A. Cardiovascular Yes No

If yes, select the appropriate

v Acute MI with hemodynamic instability
v" Cardiogenic Shock

v" Complex arrhythmia with hemodynamic instability or for close monitoring
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v' Hypertension emergency

v" Status Post cardiac arrest

v Hemodynamic instability due to hemorrhage

v" Other (specify)

B. Pulmonary Yes No

If yes, select the appropriate

v Pulmonary embolism with hemodynamic instability

v’ Airway obstruction requiring ventilatory support

v" Prolonged apnea requiring ventilatory support or close monitoring
v’ Aspiration requiring ventilatory support or close monitoring

v Other (specify)

C. Neurologic Yes No

If yes, select the appropriate

v Acute cerebral vascular accident (intra-operative)

v’ Failed reversal with GCS <8/15 and respiratory compromise

v' Intraoperative prolonged convulsion or status epilepticus

v Other (specify)

D. Deranged laboratory findings Yes No

If yes, select the appropriate

v Serum sodium < 110 mEq/L or > 170mEq/L
Serum Potassium <2.0mEq/L or >7.0mEq/L

Serum Calcium >15mg/dl

pH <7.1 or >7.7

Serum Glucose >30mmol/L

Other (specify)

N N N RN

Surgical factors Yes No

If yes, tick the applicable

v' Inhalational burns to protect the airway

v' Other (specify)
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F. Miscellaneous(specify)

3. When did the complication leading to post-operative ICU admission happen?

Pre-operative intra-operative post-

operative
Part 5: Patient outcome

1. Is the patient mechanically ventilated? Yes No

If Yes, indicate duration of ventilation (in hours)

2. Length of stay in ICU (in Days)

3. Condition at discharge from ICU Dead Alive

4. 28-day survival Yes No
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Item

Time duration

Study period

2020 to 2023

Proposal development

December 2020 — May 2021

IREC approval

June 2021- August 2021

Data collection

December 2021- December 2022

Data analysis

January 2023- June 2023

Thesis writing, submission, and defense

July 2023- December 2023
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Category Estimated quantity

Unit price, KSh.

Sub-total, KSh.

Airtime

Pens 20 20 400
Printing 600 pages 10 6,000
Photocopy 3500 pages 3 10,500
Binding 6 booklets 500 3,000

12,000

Internet bundles

Research assistant 1

15000 per month for
12 moths

15,000

180,000

Biostatistician 1

50,000

IREC 2,000
Sub-total

278,900
Miscellaneous (10% 27,890
of sub-total)
Total cost

306,790

The whole budget will be self-funded.
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Appendix 6: IREC approval

INSTITUTIONAL RESEARCH AND ETHICS COMMITTEE (IREC)

MOI TEACHING AND REFERRAL HOSPITAL MOI UNIVERSITY
P.0.BOX3 COLLEGE OF HEALTH SCIENCES
ELDORET P.0. BOX 4606
Tel: 33471/12/3 ELDORET
Tel: 334711213
Reference: IREC/2021/129 28" Qctober, 2021
Approval Number: 0004008
Dr. Solomon Mutinda Mwau,
Moi University,

School of Medicine,
P.0. Box 4606-30100,
ELDORET-KENYA.

Dear Dr. Mwau

T-OPERATIVE INTEN ARE UNIT ADMISSION AND PATIENT OUTCOMES AT MOI TEACHING AND
REFERRAL HOSPITAL

This is to inform you that MTRH/MU-IREC has reviewed and approved your above research proposal. Your
application approval number is FAN: 0004008. The approval period is 28* October, 2021- 27* October, 2022.
This approval is subject to compliance with the following requirements;

i.  Only approved documents including (informed consents, study instruments, Material Transfer Agreements
(MTA) will be used.

ii.  All changes including (amendments, deviations, and violations) are submitted for review and approval by
MTRH/MU-IREC.

ii.  Death and life threatening problems and serious adverse events or unexpected adverse events whether
related or unrelated to the study must be reported to MTRH/MU-IREC within 72 hours of notification.

iv.  Any changes, anticipated or otherwise that may increase the risks or affected safety or welfare of study
participants and others or affect the integrity of the research must be reported to MTRH/MU-IREC within 72
hours.

v.  Clearance for export of biological specimens must be obtained from MOH at the recommendation of
NACOSTI for each batch of shipment.

vi. - Submission of a request for renewal of approval at least 60 days prior to expiry of the approval period.
Attach a comprehensive progress report to support the renewal.

vii.  Submission of an executive summary report within 90 days upon completion of the study to MTRH/ MU-
IREC.

Prior to commencing your study; you will be required to obtain a research license from the National Commission for
Science, Technology and Innovation (NACOSTI) https:/oris.nacosti.go.ke and other relevant clearances from study
sites including a written approval from the CEO-MTRH which is mandatory for studies to be undertaken within the

jurisdiction of Moi Teaching & Referral Hospital (MTRH) a i M RESEARCE &

ETHICS COMMITTEE |

Sincerely,
- 28 OCT 2021
PROF. E. WERE et
CHAIRMAN e Mrﬁfﬁi‘ﬁx_\_()\ LQ :
INSTITUTIONAL RESEARCH AND ETHICS COMMITTEE
cc CEO - MTRH Dean - SOP Dean - SOM

Principal - CHS Dean - SON Dean - SOD
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Appendix 7: MTRH data collection approval

An 1SO 9001:2015 Certified Hospital

MOI TEACHING AND REFERRAL HOSPITAL

Telephone {( +254)053-2033471/2/3/4 Nandi Road
Mobile: 722-201277/0722-209795/0734-600461/0734-683361 P.0. Box 3 - 30100
Fax: 053-2061749 ELDORET, KENYA

Email: ceo@mtrh.go.keldirectorsofficemtrh@gmail.com
Ref: ELD/MTRH/R&P/10/2/V.2/2010 1t November, 2021

Dr. Solomon Mutinda Mwau,
Moi University,
School of Medicine,
P.O. Box 4606-30100,
- ELDORET -KENYA.

POST-OPERATIVE INTENSVE CARE UNIT ADMISSION AND PATIENT OUTCOMES AT MOI
TEACHING AND REFERRAL HOSPITAL

You have been authorised to conduct research within the jurisdiction of Moi Teaching and
Referral Hospital (MTRH) and its satellites sites. You are required to strictly adhere to the
regulations stated below in order to safeguard the safety and well-being of staff, patients and
study participants seen at MTRH.

The study shall be under Moi Teaching and Referral Hospital regulation.

A copy of MTRH/MU-IREC approval shall be a prerequisite to conducting the study.

Studies intending to export human bio-specimens must provide a permit from MOH

at the recommendation of NACOSTI for each shipment.

4 No data collection will be allowed without an approved consent form(s) to
participants unless waiver of written consent has been granted by MTRH/MU-IREC.

5 Take note that data collected must be treated with due confidentiality and anonymity.

W=

The continued permission to conduct research shall only be sustained subject to fulfilling all the
requirements stated above.

ol (FOTTEACHING s
DR. WILSON K. ARUASA, MBS, BB, ppi OV &P
CHIEF EXECUTIVE OFFICER | : g "
MOI TEACHING AND REFERRAL Hosprral | NOY 20

gl ¢ = Senior Director, Clinical Services
- Director of Nursing|Séi IS
: HOD, HRISM P.O.

(28 e

All correspondence should be addressed to the Chief Executive Officer
Visit our Website: www.mtrh.go.ke

I ARFAIAL TV HIASAITAL FAD LCAL TUAADE TDAIMINA ANN DEQEARCH INAFRICA
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Appendix 8: NACOSTI license

)
"

REPUBLIC OF KENYA NATIONAL COMMISSION FOR
SCIENCE, TECHNOLOGY & INNOVATION

Ref No: 599552 Date of Issue: 19/October/2022

RESEARCH LICENSE

This is to Certify that Dr.. solomon mutinda mwau of Moi University, has been licensed to conduct research as per the provision
of the Science, Technology and Innovation Act, 2013 (Rev.2014) in Uasin-Gishu on the topic: POST-OPERATIVE INTENSIVE
CARE UNIT ADMISSION AND PATIENT OUTCOMES AT MOI TEACHING AND REFERRAL HOSPITAL for the period
ending : 19/October/2023.

i License No: NACOSTI/P/22/20903

500552 L\@{%ﬁ-

' Applicant Identification Number Director General i
NATIONAL COMMISSION FOR :

SCIENCE. TECHNOLOGY & ;
INNOVATION 3

Verification QR Code

NOTE: This is a computer generated License. To venfy the authenticity of this document,
Scan the QR Code using QR scanner application.

See overleaf for conditions
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