
A retrospective review of complications in a South African 

neurocritical care unit over one year 

MMED (Neurosurgery)  

Student: Dr   Bakang Abiot Kgaodi 

ID: KGDBAK001 

Supervisor:      Prof Patrick Semple 

Co-supervisor:  Dr Christel Arnold-Day 

INSTITUTION: 

Groote Schuur Hospital 

University of Cape Town 

CORRESPONDENCE 

Patrick L. Semple, MB.ChB (UCT), MMED (UCT), PHD(UCT)  FCS(SA) 

Head of Clinical Unit 

Neurocritical care 

Division of Neurosurgery, Department of Surgery 

University of Cape Town 

Groote Schuur Hospital 

Tel:       021404 3010/ 0834688226     

Email: Patrick.semple@uct.ac.za 

Univ
ers

ity
 of

 C
ap

e T
ow

n



The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



ii 

DECLARATION 

I, Bakang Abiot Kgaodi, completed the work contained in this dissertation at the University 

of Cape Town between March 2021 and November 2022. It is original work except for where 

due reference has been made. It has not ,nor will it be, submitted for the award at any other 

University. 

I empower the University  to reproduce for the purposes of research either the whole or any 

portion of the contents. 

Signature: 

Date:  13/06/2022 



iii 

CERTIFICATION 

The undersigned certify that they have read and thereby recommend for examination the 

dissertation titiled a retrospective review of complications in a south african dedicated 

neurocritical care unit over one year, in partial fulfilment of the requirements for the degree 

of Master of Medicine (Neurosurgery) of the University of Cape Town. 

Prof Patrick Semple 

(Supervisor) 

Date 13/06/2022 

Dr. Christel Arnold-Day 

(Co-supervisor) 

Date 13/06/2022 



iv 
 

ACKNOWLEDGEMENT 
 

This work is a result of the dedication, patience, understanding  and selfless guidance of my 

supervisors, Dr Christel Arnold-Day and Prof Patrick Semple. Special mention for Mr. Shaun 

Linde for his  invaluable assistance with statistical analysis.  



v 
 

DEDICATION 
 

I dedicate this work to my dearest wife, Boitshwarelo Rachaba-Kgaodi, without whose 

support and encouragement this work would not have come to completion. I appreciate my 

family, friends and  colleagues for their support during the preparation of this work.   



vi 
 

Table of Contents 
DECLARATION ................................................................................................................................... ii 

CERTIFICATION ................................................................................................................................ iii 

ACKNOWLEDGEMENT ...................................................................................................................... iv 

DEDICATION...................................................................................................................................... v 

LIST OF ABBREVIATIONS AND ACRONYMS ..................................................................................... viii 

Chapter 1 Introduction ..................................................................................................................... 1 

Context.......................................................................................................................................... 1 

Ethical considerations .................................................................................................................... 2 

Author guidelines of the Journal .................................................................................................... 2 

Chapter 2 Publication-ready manuscript .......................................................................................... 4 

Abstract ............................................................................................................................................ 5 

Introduction ...................................................................................................................................... 6 

Rationale ....................................................................................................................................... 7 

Objectives ..................................................................................................................................... 7 

Methods ........................................................................................................................................... 8 

Study setting ................................................................................................................................. 8 

Study design .................................................................................................................................. 8 

Study population ........................................................................................................................... 8 

Data analysis ................................................................................................................................. 9 

Data management ..................................................................................................................... 9 

Ethical consideration ..................................................................................................................... 9 

Results ............................................................................................................................................ 10 

Table 1: Demographics of patients admitted to Neurocritical Care Unit at Groote Schuur Hospital 

from 01 January 2020 to 31 December 2020 ............................................................................... 10 

Table 2: Characteristics of patients admitted to Neurocritical Care Unit at Groote Schuur 

Hospital from 01 January 2020 to 31 December 2020 .............................................................. 11 

Table 3.1: Description of overall complications of patients admitted to the NCCU at GSH 

from 01 January 2020 to 31 December 2020. ............................................................................ 13 

Table 3.2  Length of Stay Comparison of patients admitted to NCCU at GSH from 01 

January 2020 to 31 December 2020. .......................................................................................... 14 

Figure 1: Linear model of LOS vs Complications  of patients admitted to NCCU at GSH from 

01 January 2020 to 31 December 2020. ..................................................................................... 15 

Table 3.3: Mortality vs Complications of patients admitted to NCCU at GSH from 01 

January 2020 to 31 December 2020. .......................................................................................... 16 

Discussion ....................................................................................................................................... 17 

Conclusion ...................................................................................................................................... 19 

References ...................................................................................................................................... 21 



vii 
 

Appendices ..................................................................................................................................... 23 

 

  



viii 
 

LIST OF ABBREVIATIONS AND ACRONYMS 
 

CCU    Critical Care Unit 

CLABSI   Central Line Associated Bloodstream Infection 

CSF    Cerebrospinal Fluid 

CVA    Cerebrovascular Accident 

CVC    Central Venous Catheter 

DBI    Diffuse Brain Injury 

DIND    Delayed Ischaemic Neurological Deficit 

DVT    Deep Vein Thrombosis 

EVD    External Ventricular Drain 

GCS    Glasgow Coma Scale 

GSH    Groote Schuur Hospital 

HC    High care 

ICU    Intensive Critical Unit 

NCCU    NeuroCritical Care Unit 

LMIC    Lower-and-Middle Income Country 

LOS    Length of Stay 

SD    Standard Deviation 

SSI    Surgical Site infection 

TBI    Traumatic Brain Injury 

TICH     Traumatic Intracranial Haemorrhage 

UTI    Urinary Tract Infection 

VAP    Ventilator Associated Pneumonia 

VP Shunt   Ventriculo-Peritoneal shunt



 
 

Chapter 1 Introduction 
 

Context 
The establishment of a Neurocritical Care Unit (NCCU) is well described in offering benefits 

to patients1,2. These units are optimised to care for patients with pathologies involving the brain 

and spine.  

It is well recognised that a dedicated NCCU improves care for patients with cranial and spinal 

pathology compared to a general intensive care unit (ICU)1,2.  These units are optimised to care 

for these patients. The proposed benefits of a dedicated NCCU include: 

 decrease in length of hospital stay,  

 decrease in all-cause mortality,  

 decrease in readmission rates,  

 improved neurological and functional outcomes.  

 

The mortality rates for patients in a NCCU is lower in comparison to neurosurgical patients  

admitted to a general ICU; 5.3% and 10.2% respectively in one study4. Furthermore, better 

adherence to neuro-specific guidelines and protocols, and chart documentation has been 

demonstrated in NCCUs compared to a general ICU3. In one paper the introduction of a NCCU 

led to development of management protocols as well as discharge criteria that had a direct 

impact on reduction of mortality rate and decreased length of hospital stay2. The establishment 

of a dedicated NCCU is associated with improved resource utilization4. These benefits extend 

to a multitude of neurological pathologies including traumatic brain injury, subarachnoid 

haemorrhage, intracranial haemorrhage and ischaemic stroke3. These benefits are more 

pronounced in the presence of a dedicated neuro-intensivist2.. Despite the literature that exists 

supporting the utilisation of dedicated NCCUs, there remains a paucity of literature on the 

complications peculiar to these specialised units globally. The dearth of literature is worse 

when focused on African settings where the availability of dedicated NCCUs is limited to large 

tertiary centres and are sparsely distributed across the continent.  Complications in neurocritical 

care patients are often life threatening and, if not treated, may be fatal. 
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Ethical considerations 
Ethical approval was obtained from the various research committees: 

 Step 1: From the Department of Surgery Research Committee at Groote Schuur 

Hospital,  

 Step 2: The University of Cape Town Human Research Ethics Committee 

 Step 3: Permission from Groote Schuur Hospital's institutional review committee. 

This is a retrospective observational study, therefore no risks were posed to study participants 

and no untoward effect on the quality of care they received.  

 

Informed Consent process 

All data was analysed retrospectively from an anonymised registered patient database (HREC: 

R012/2015); and therefore a waiver of consent was applied for and granted by the ethics 

committee. Confidentiality of patient information and data was strictly adhered to and 

maintained. No identifying personal patient information was required in data analysis or results 

interpretation. 

 

Author guidelines of the Journal 
Chosen journal: Southern African Journal of Critical Care 

The Soutnern African Journal of Critical Care  is a journal covering the categories related 

to Critical Care and Intensive Care Medicine (Q4). It is published by the South African Medical 

Association. Its is ranked 25561 with a SCImago Journal Rank (SJR) of 0.129 and an h-

index of 7 and impact factor of 0.07. ISSN of this journal is/are 15628264.  

 

Journal Instructions to Authors for Original Papers (Appendix 4) 

 Written in UK English in Microsoft word or RFT in 12 Times New Roman font with 

1.5 line spacing. 

 Abstract: 250-word limit 

 Article word limit (excluding abstract,tables, figures and biblography): 3000 words 

 Tables and figures allowed: 6 

 References: limited to 30 
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 Authors of original papers are requested to provide the following information: 

o Full qualifications, affiliation and contact details of all authors 
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Abstract 
 

Background: The establishment of a Neurocritical Care Unit (NCCU) is well described in 

offering benefits to patients1,2. These units are optimised to care for patients with pathologies 

involving the brain and spine. Complications peculiar to such units in Low- and Middle-income 

countries (LMICs) are relatively undocumented. 

Objectives: To determine the complications in a NCCU at Groote Schuur Hospital (GSH) over 

1 year and their association with ICU length of stay (LOS) and mortality. 

Methods: A retrospective review of complications of patients admitted to the NCCU at GSH 

from 01 January 2020 to 31 December 2020 as per NCCU patient data registry (HREC: 

R012/2015). 

Results: 850 patients, predominantly males (61.2% for HC and 68.1% for ICU), were admitted 

to the NCCU with a median age of 43 years (HC) and 41 years (ICU).  The overall complication 

incidence rate was 38.2%. The statistically significant complications (p-value <0.05) were 

metabolic and electrolyte abnormalities as well as infection (including VAPs, SSIs and 

CLABSIs) and DVTs. The most common complication was metabolic abnormalities (28.2%), 

specifically derangements in sodium homeostasis. LOS was shown to have a statistically 

significant association with number of complications. Mortality did not have a statistically 

significant association with number of complications. 

Conclusion: Complications in a dedicated NCCU in South Africa are mostly electrolyte 

disturbances and infections. The complications are associated with increased LOS but not with 

increased risk of mortality.  

Keywords: Neurocritical care unit, South Africa, complications, length of stay, mortality. 
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Introduction 
The establishment of a Neurocritical Care Unit (NCCU) is well described in offering benefits 

to patients1,2. These units are optimised to care for patients with pathologies involving the brain 

and spine. Multiple studies have shown the benefits of a dedicated NCCU4,5,6. 

It is well established that a dedicated NCCU improves care for patients with cranial and spinal 

pathology compared to a general intensive care unit (ICU)1,2.  These units are optimised to care 

for these patients. The benefits of a dedicated NCCU include: 

 decrease in length of hospital stay,  

 decrease in all-cause mortality,  

 decrease in readmission rates,  

 better neurological and functional outcomes.  

 

The mortality rates for patients in a NCCU is lower in comparison to neurosurgical patients  

admitted to a general ICU; 5.3% and 10.2% respectively in one study4. Furthermore, better 

adherence to neuro-specific guidelines and protocols, and chart documentation has been 

demonstrated in NCCUs versus general ICUs3,6. In one paper the introduction of a NCCU led 

to development of management protocols as well as discharge criteria that had a direct impact 

on reduction of mortality rate and decreased length of hospital stay2,6. The establishment of a 

dedicated NCCU is associated with improved resource utilisation4. These benefits extend to a 

multitude of neurological pathologies including traumatic brain injury, subarachnoid 

haemorrhage, intracranial haemorrhage and ischaemic stroke3. These benefits are more 

pronounced in the presence of a dedicated neuro-intensivist2. NCCUs provide a conducive 

environment that fosters learning and promotes research6. 

Despite the literature that exists supporting the utilisation of dedicated NCCUs, there remains 

a paucity of literature on the complications peculiar to these specialised units globally. The 

dearth of literature is worse when focused on African settings where the availability of 

dedicated NCCUs is limited to large tertiary centres sparsely distributed across the continent. 

In an analysis of the PRINCE study, Rao et al revealed that 83% of the global access to 

dedicated NCCU is in North America.12 Complications in neurocritical care patients are often 

life threatening and, if not treated, may be fatal. The presence of neurologic complications in 

an ICU patient almost doubles the mortality rate (55% vs 28% in those without) as well as 
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prolong the ICU and hospital length of stay and increases the tracheostomy rates1,2. Familiarity 

with these complications in the ICU can facilitate their timely recognition and treatment2,3. 

NCCUs have greater experience in identifying, preventing, and treating such complications3. 

 Complications in a NCCU may be categorised into: 

 General ICU complications including infections, electrolyte and metabolic 

derangements, ventilator-related and line-related complications. 

  Post-operative complications including surgical site infections, post-operative 

meningitis, CSF leaks, neurological deficits and haemorrhage5.    

 

The common causes of mortality in a NCCU at a Saudi tertiary centre included ARDS 43%, 

brain herniation 30%, and sepsis and septic shock 27% 3. In another study the main cause of 

mortality in the NCCU patients was sepsis and pulmonary embolism2. 

 

Rationale 
The establishment of dedicated NCCUs has not only been shown to improve the outcomes for 

critically ill neurological patients but is also associated with improved resource utilisation4. 

There is limited literature on the complications in such dedicated units and this study aims to 

help to understand their nature and possibly assist in the identification of mechanisms to 

decrease their occurrence and enhance the quality improvement programs, not only in the 

NCCU at GSH, but also in other NCCUs worldwide. 

 

Objectives 
Main objective 

To describe  the complications in a NCCU over a one year period in a South African tertiary 

care institution. 

 

Specific objectives 

Primary  
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To evaluate and characterise the complications in a NCCU over a one year period in a South 

African tertiary care institution. 

Secondary 

Determine the association of complications with LOS and mortality. 

Methods 
Study setting 
GSH is an 893-bed tertiary level hospital in the Western Cape province of South Africa. It 

offers a comprehensive critical care service with dedicated Medical, Surgical, Acute Spinal 

Cord Injury, Cardiothoracic, Maternity and Neurocritical Care Units. The NCCU comprises of 

a 6-bed ICU and a 6-bed High Care Unit, with the main difference between the ICU and HCU 

being the capacity to ventilate patients.  

Study design 
A retrospective review of the complications of patients admitted to the NCCU at GSH over a 

a one year period, from 1 January 2020 to 31 December 2020 from the NCCU registered patient 

data registry (HREC: R012/2015). 

Study population 
All adult  patients admitted to the NCCU at GSH between 1 January 2020 to 31 December 

2020. 

Inclusion criteria: 

 Patients ≥ 18 years admitted to the NCCU at GSH from 1 January 2020 to 31 December

2020.

Exclusion criteria: 

 All patients admitted to the other general ICUs (i.e. non-neurocritical care units).

 Children under the age of 18, for consent purposes.
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Data analysis 
Data from the NCCU data registry (HREC: R012/2015) will be anonymised, cleaned, coded 

and analysed using SPSS, Version 24. Percentages will be used to summarise categorical 

variables. Means and standard deviation (SD) or medians and interquartile range (IQR) will be 

used to summarise continuous variables. 

 

Pearson’s χ2 or Fisher's exact tests will be used to assess statistical differences for the 

categorical variables, while the Student's t-test or the Mann-Whitney U test will be used for the 

continuous variables. A 2-tailed p-value < 0.05 will be considered statistically significant. 

 

Data management 
Anonymised data collected from the password protected patient database was coded and 

analysed in a password protected computer software. Patient anonymity was of utmost 

importance and was maintained at all times. Only the research team had access to this data. 

 

Ethical consideration 
Ethical approval was obtained from the various research committees: 

 Step 1: From the Department of Surgery Research Committee at Groote Schuur 

Hospital. 

 Step 2: The University of Cape Town Human Research Ethics Committee. 

 Step 3: Permission from Groote Schuur Hospital's institutional review committee. 

This is a retrospective observational study, therefore minimal risks were posed to study 

participants and no untoward effect on the quality of care they received.  

 

Informed Consent process 

All data was analysed retrospectively from an anonymised registered patient database (HREC: 

R012/2015); and therefore a waiver of consent was applied for and granted by the ethics 

committee. Confidentiality of patient information and data was strictly adhered to and 
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maintained. No identifying personal patient information was required in data analysis or results 

interpretation. 

 

Results 

Table 1: Demographics of patients admitted to Neurocritical Care Unit at Groote Schuur 

Hospital from 01 January 2020 to 31 December 2020  
HC 

(N=502) 

ICU 

(N=348) 

p-value 

Age (years) 
   

Mean (SD) 43.0 (16.0) 41.7 (16.6) 0.272 

Median [Min, Max] 43.0 [14.0, 90.0] 40.0 [14.0, 91.0] 
 

Missing information 7 (1.4%) 0 (0%) 
 

Sex 
   

Male 307 (61.2%) 237 (68.1%) 0.0452 

Female 195 (38.8%) 111 (31.9%) 
 

Referred from 
   

Neuro critical care unit 98 (19.5%) 19 (5.5%) <0.001 

Trauma 133 (26.5%) 100 (28.7%) 
 

Casualty (Non-trauma) 132 (26.3%) 41 (11.8%) 
 

Neurosurgery ward 109 (21.7%) 51 (14.7%) 
 

Theatre 10 (2.0%) 103 (29.6%) 
 

Other ward 20 (4.0%) 27 (7.8%) 
 

Other hospital 0 (0%) 4 (1.1%) 
 

Unknown 0 (0%) 3 (0.9%) 
 

Discharged to 
   

Neurocritical care unit 26 (5.2%) 112 (32.2%) <0.001 

Neurosurgery ward 431 (85.9%) 190 (54.6%) 
 

Other 41 (8.2%) 12 (3.4%) 
 

Missing 0 (0%) 3 (0.9%) 
 

Outcome  
   

Alive 496 (98.8%) 317 (91.1%) <0.001 

Dead 6 (1.2%) 31 (8.9%) 
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Table 1 above describes the demographic and clinical characteristics of the study participants. 

A total of 850 patients were admitted into the NCCU over the 12 month study period with a 

median age of 43 years (HCU: range 14 to 90 years) and 41 years (ICU: range 14 to 91 years). 

60% of the admissions were to the HCU of the NCCU. The majority (64%) of the participants  

were male. A large portion of the patients (27.4%) were admitted from the trauma ward. The 

majority (73.1%) of those admitted into the NCCU were discharged to the Neurosurgery ward. 

The overall mortality of the 850 patients was only 37 (4.4%). It is important to note that 

functional outcomes were not measured in this study.  

Table 2: Characteristics of patients admitted to Neurocritical Care Unit at Groote Schuur 

Hospital from 01 January 2020 to 31 December 2020 

 
HC 

(N=502) 

ICU 

(N=348) 

p-value 

Diagnosis 
   

Trauma 

DBI 

EDH 

SDH 

TICH 

Fracture 

 

181 (36.1%) 

22 (4.4%) 

57 (11.4%)  

97 (19.3%) 

129 (25.7%) 

 

160 (46.0%) 

24 (6.9%) 

54 (15.5%) 

63 (18.1%) 

133 (38.2%) 

 

0.00464 

0.15 

0.0954 

0.72 

<0.001 

Hydrocephalus 52 (10.4%) 41 (11.8%) 0.588 

SAH  

Missing 

97 (19.3%) 

0 (0%) 

31 (8.9%) 

2 (0.6%) 

<0.001 

Brain Oncology 89 (17.7%) 81 (23.3%) 0.05 

Spine Trauma 

Missing 

3 (0.6%) 

1 (0.2%) 

0 (0%) 

1 (0.3%) 

0.392 

 

Spine Oncology 

Missing 

14 (2.8%) 

1 (0.2%) 

3 (0.9%) 

0 (0%) 

0.084 

Spine degenerative disease 

Missing 

26 (5.2%) 

2 (0.4%) 

5 (1.4%) 

0 (0%) 

0.00722 

CVA 18 (3.6%) 8 (2.3%) 0.382 



12 
 

Vascular Other 16 (3.2%) 10 (2.9%) 0.953 

Infection 

Missing 

30 (6.0%) 

1 (0.2%) 

44 (12.6%) 

1 (0.3%) 

0.00107 

Admission type 

Elective 

Emergency 

 

106 (21.1%) 

396 (78.9%) 

 

82 (23.6%) 

266 (76.4%) 

 

0.446 

 

Admission GCS 

GCS 13-15 

GCS 9-12 

GCS<9 

Undefined 

Missing 

 

355 (70.7%) 

138 (27.5%) 

9 (1.8%) 

0 (0%) 

0 (0%) 

 

114 (32.8%) 

44 (12.6%) 

182 (52.3%) 

1 (0.3%) 

7 (2.0%) 

 

<0.001 

 

 

 

 

Discharge GCS 

GCS 13-15 

GCS 9-12 

GCS<9 

Missing 

 

383 (76.3%) 

104 (20.7%) 

15 (3.0%) 

0 (0%) 

 

180 (51.7%) 

92 (26.4%) 

63 (18.1%) 

13 (3.7%) 

 

<0.001 

Interventions 

Non-trauma craniotomy 

Trauma craniotomy 

ICP Monitoring 

Wash-out and debridement 

Burr hole drainage 

Brain Oncology 

Endoscopy 

EVD 

VP Shunt 

Vascular 

Endovascular/Thrombectomy 

Open vascular 

Degenerative Spine 

Spine Infection 

Spine Oncology 

 

76 (15.1%) 

62 (12.4%) 

16 (3.2%) 

20 (4.0%) 

30 (6.0%) 

65 (12.9%) 

11 (2.2%) 

31 (6.2%) 

34 (6.8%) 

118 (23.5%) 

114 (22.7%) 

4 (0.8%) 

26 (5.2%) 

3 (0.6%) 

13 (2.6%) 

 

88 (25.3%) 

95 (27.3%) 

89 (25.6%) 

41 (11.8%) 

18 (5.2%) 

72 (20.7%) 

0 (0%) 

38 (10.9%) 

15 (4.3%) 

41 (11.8%) 

41 (11.8%) 

3 (0.9%) 

6 (1.7%) 

1 (0.3%) 

3 (0.9%) 

 

<0.001 

<0.001 

<0.001 

<0.001 

0.753 

0.00325 

 

0.0181 

0.172 

<0.001 

<0.001 

1 

0.0156 

0.888 

0.117 
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Other 

Missing 

7 (1.4%) 

0 (0%) 

0 (0%) 

3 (0.9%) 

0.0678 

 

ICU Care 

Ventilated 

CVC 

 

0 (0%) 

124 (35.6%) 

 

201 (57.8%) 

201 (23.6%) 

 

 

Table 2 above shows that the majority of the patients were admitted as emergencies (mean 

77.9%). The most common diagnosis was related to trauma (40%), followed by aneurysmal 

SAH (15.05%) and the least common was spinal trauma at 0.4%. Brain oncologic conditions 

made up the largest share of the elective admissions (20%) and spine oncology only around 

2%. About 43.5% of the total admissions had an admission GCS < 12 and two-thirds had 

improved to a GCS > 13 at the time of discharge from the NCCU. Craniotomy was the most 

common intervention with no significant difference for trauma vs non-trauma craniotomy, 

18.5% and 19.5% respectively. Vascular interventions were the second most common 

procedure at 18.7%, majority (97.5%) of which where endovascular in nature. The least 

common interventions were for spine infections (0.5%). Fifty-eight percent of the patients 

admitted in ICU were intubated. 

Table 3.1: Description of overall complications of patients admitted to the NCCU at GSH 

from 01 January 2020 to 31 December 2020. 

 

 
HC 

(N=502) 

ICU 

(N=348) 

p-value 

Total 161 (32.1%) 164 (47.1%) <0.001 

Infection 

VAP 

SSI 

EVD/Shunt sepsis 

CLABSI 

UTI 

Other 

Missing 

15 (3.0%) 

0 (0%) 

3 (0.6%) 

4 (0.8%) 

0 (0%) 

0 (0%) 

10 (2.0%) 

3 (0.6%) 

45 (12.9%) 

17 (4.9%) 

9 (2.6%) 

7 (2.0%) 

6 (1.7%) 

1 (0.3%) 

7 (2.0%) 

0 (0%) 

<0.001 

<0.001 

0.0343 

0.218 

0.0114 

0.855 

1 
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Aspiration 2 (0.4%) 3 (0.9%) 0.679 

Bleed 20 (4.0%) 13 (3.7%) 0.997 

New Infarct 11 (2.2%) 6 (1.7%) 0.819 

New neurological deficit incl DIND 19 (3.8%) 7 (2.0%) 0.203 

Missing 1 (0.2%) 1 (0.3%) 
 

DVT 0 0 <0.001 

Metabolic (total) 

DI 

Sodium abnormalities 

Other Electrolyte 

abnormalities 

Renal abnormalities 

106 (21.1%) 

8 (1.6%) 

76 (15.1%) 

27 (5.4%) 

 

39 (7.8%) 

134 (38.5%) 

6 (1.7%) 

88 (25.3%) 

45 (12.9%) 

 

68 (19.5%) 

<0.001 

1 

<0.001 

<0.001 

 

<0.001 

Hydrocephalus 12 (2.4%) 7 (2.0%) 0.895 

Post extubation Stridor 2 (0.4%) 4 (1.1%) 0.386 

CSF leak 4 (0.8%) 1 (0.3%) 0.616 

Re-do surgery 24 (4.8%) 21 (6.0%) 0.518 

Missing 2 (0.4%) 0 (0%) 
 

 

Table 3.1 above shows the overall complication rate of 38.2%, the majority of which were for 

patients admitted to ICU (47.1%) compared to 32.1% of those admitted to High Care. The most 

common complication was metabolic complications at 28.2%, the majority being abnormalities 

of sodium homeostasis. The least common complications were aspiration (0.6%) and post 

extubation stridor (0.7%). The complications that showed statistical significance were 

infections (sub-categories VAP, SSI and CLABSI), metabolic (sub-categories sodium 

abnormalities, other electrolyte abnormalities and renal abnormalities). There were no patients 

that developed a DVT and this was shown to be statistically significant. 

Table 3.2  Length of Stay Comparison of patients admitted to NCCU at GSH from 01 

January 2020 to 31 December 2020. 

 
HC 

(N=502) 

ICU 

(N=348) 

p-value 

Length of stay (Days)    
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Mean (SD) 

Median [Min, Max] 

Missing 

4.04 (4.20) 

3.00 [0, 35.0] 

3 (0.6%) 

6.10 (5.78) 

4.00 [0, 27.0] 

0 (0%) 

<0.001 

 

 

LOS Categories 

< 7 days 

8-14 days 

>14 days 

Missing 

 

419 (83.5%) 

72 (14.3%) 

8 (1.6%) 

3 (0.6%) 

 

247 (71.0%) 

62 (17.8%) 

39 (11.2%) 

0 (0%) 

 

<0.001 

 

 

 

 

Applying a Chi-Square test of independence with 2 degrees of freedom we obtain the 

following test statistic: x-squared = 39.964; df = 2; p-value = <0.05 

 

Table 3.2 above therefore shows independence between HC and ICU in LOS. From the 

contingency table, we can make the assumption that HC LOS is of a shorter duration when 

categories are grouped: 0-7 days; 8-14 days and > 14 days. 

 

Figure 1: Linear model of LOS vs Complications  of patients admitted to NCCU at GSH 

from 01 January 2020 to 31 December 2020. 
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Applying a linear model we see that there exists a relationship between number of 

complications and length of stay. 

Looking at the statistics: 

- slope=4.41 (for every added complication we predict 4.41 days added to length of stay) 

- R-squared:0.59 (~60% of residual variance can be explained by the complications) 

- p-value= <0.05 (Reject null hypothesis that there is no relationship between length of stay 

and complications) 

 

Table 3.3: Mortality vs Complications of patients admitted to NCCU at GSH from 01 

January 2020 to 31 December 2020. 

 
HC 

(N=6) 

ICU 

(N=31) 

p-value 

Number of Complications 
   

0 2 (33.3%) 3 (9.7%) 0.0677 

1 0 (0%) 4 (12.9%) 
 

2 0 (0%) 8 (25.8%) 
 

3 1 (16.7%) 8 (25.8%) 
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4 2 (33.3%) 1 (3.2%) 
 

5 1 (16.7%) 7 (22.6%) 
 

 

Table 3.3 above of multivariate analysis of the relationship of complications and mortality  

shows no overall relationship between the total number of complications and mortality. 

- R-squared:0.00003 (~0.003% of residual variance can be explained by the complications 

- p-value= 0.0647  

 

Discussion 
This is the first study interrogating the complications in a dedicated NCCU in an LMIC, more 

specifically Sub-Saharan Africa.  Such dedicated units are sparcely located and by-and-large 

most neurocritical care patients in Sub-Saharan Africa are cared for in combined surgical or 

general ICU and often not led by a neuro-intensivists.  

Our study shows a complication rate of 38.2% in a NCCU. In this study the complications that 

showed a statistical significance were infections (including subgroups VAPs, SSIs and 

CLABSIs) and metabolic abberrations (including subgroups sodium abnormalities, other 

electrolyte abnormalities and renal abnormalities). None of the patients developed DVT and 

this finding was also found to be statistically significant. The complication incidence rate in 

our study is comparable to those reported in ICUs in higher income countries which stands at 

22.6-31.2% 19. In a comparison study by Gounder et al reviewing complications in a South 

African trauma ICU the overall complication incidence rate was 33% which is also comparable 

to the complication rate in our study18. The most common complication in our study was 

metabolic disturbances (28.2%) more especially aberrations of sodium, followed by renal 

complications. Metabolic complications are more common in ICU (38.5%) than in HC(21.2%). 

This may be a result of SIADH or a cerebral salt wasting syndrome which are common with 

CNS pathologies. Gounder et al reported sepsis/infection related complications as the most 

prevalent at 60.2%18.while in our study infection accounted for 7.1% of the total complications. 

The majority of the total complications in our study were for patients admitted to ICU (47.1%) 

compared to 32.1% of those admitted to HC. This may point to the association of illness 

severity of ICU patients compared to patients admitte to the HCU. These patients are more 

likely  to require intubation and mechanical ventilation (58%) and as such have a greater LOS. 
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Subgroup analysis shows that of the total infection complication rate, ICU had a higher total 

rate(12.9%) in comparison to HC (3.0%). This can be accounted for by the fact that VAP was 

the commonest cause of infection by subgroup (4.9%) and this most exclusively occurred in 

ICU where over fifty percent of the patients were ventilated at some point and none in HC. The 

VAP incidence rate in our study is similar to the one quoted by Papazian et al in their 

comprehensive review of VAP which was 5-40%.14. The VAP incidence at a quaternary South 

African trauma ICU was reported to be 38% significantly higher than in our study 18. This 

differences may be accounted for by earlier tracheostomy timing, effect of instituted ICU VAP- 

care-bundle in the GSH NCCU and differences in the definition of VAP as well as quality of 

ICU care. The low CLABSI rate (1.7%) may be due in part to the ICU CLABSI-care-bundle 

instituted in the NCCU at GSH where peripheral and central venous lines are kept for a 

prescribed minimum number of days before removal or change as well as other measures to 

reduce infection rates in these types of infections. Other complications encountered but not 

statistically significant included new infarcts (3.9%), bleeding (0.6%), DIND (2.0%) , 

hydrocephalus (2.2%), post extubation stridor (0.7%), CSF leak (0.6%) and re-do 

surgery(5.3%). 

The length of stay in NCCU not only has implications for patient outcomes especially physical 

functioning and quality of life months, and in some instances, years after discharge but is also 

a significant driver in hospital health care costs15,16. The average length of stay in HC is lower 

than for ICU with a median LOS of 3 and 4 days for each unit respectively. This finding is true 

across the categories 0-7 days and >14 days and is found to be statistically significant. It is 

expected given that by definition patients admitted to ICU at GSH NCCU are of a higher 

severity of disease and often require intubation and mechanical ventilation. The median stay in 

GSH NCCU ICU is lower than in a comparable study is a South African trauma ICU where 

the median LOS was 16 days18. Global median LOS as per the PRINCE study are also 

comparably higher than in our study, 7 days for US-based ICU and 8 days for the remainder of 

the world12. Multivariate analysis of LOS and number of complications (Figure 1) shows a 

linear relationship that is statistically significant. For every added complication a prediction of 

4.41 days added to LOS. Jiang et al in his paper also found that there exists a linear relationship 

between LOS and higher rates of  complications especially LOS greater than 8 days17. 

The mortality incidence at GSH NCCU in this study stands at 4.4% and this result was found 

to be statistically significant. This incidence is significantly lower than quoted by Rao et al in 
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their analysis of the PRINCE study where median NCCU mortality was 12.4% and highest in 

LMIC12. The incidence of mortality in a South African trauma ICU was reported at 19.7% , 

significantly higher than in our study. Multivariate analysis of number of complications and 

mortality did not show a statistically significant overall relationship between the number of 

complications and mortality. This finding is also in keeping with a comparable study in a South 

African Trauma ICU were a statistically significant relationship between complication 

frequency and mortality was not established 18. 

 

Most of the admissions in our study presented as emergencies (77.9%) with the most common 

diagnosis being trauma-related, followed by aneurysmal SAH. World wide trauma is predicted 

to be the third largest contributor to the global burden of disease11,13. In their analysis of the 

PRINCE study, Rao et al found SAH as the most common diagnosis at presentation to the 

NCCU but more so in the North American/European  setting where the prevalence of  trauma 

is lower12.. It therefore follows that the most frequent procedures in the ICU will be for these 

two, and our study corroborates this expectation. 

 

Conclusion 

Patients admitted to GSH NCCU from 1 January 2020 to 31 December 2020 showed a 

complication incidence rate of  38.2 % which is comparable to prior studies both regionally 

and globally.  

 

The most prevalent complications were of metabolic abnormalities. Infection (including 

subgroups VAP, SSI and CLABSI) and metabolic abnormalies  (including sodium 

abnormalities, other electrolyte abnormalities and renal abnormalities) were found to have 

statistical significance in this population of patients. LOS has been shown to have a statistically 

significant linear association with the occurrence and frequency of complications in GSH 

NCCU. Complication frequency has however not been shown to have an association with 

mortality. This study shows lower infection and mortality rates in comparison to prior studies 

and may show the impact of having ICU bundles incorporated into the treatment protocols. 
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Strengths 

The data is from a large NCCU in South Africa were a well maintained data base is kept. 

 

Limitations 

This is a retrospective review study and as such presented with challenges that are commonly 

associated with such databses such as missing information. There is also an inherent inclination 

for recall or misclassification bias in such studies. 2020 was also a year when health systems 

the world over were overwhelmed with COVID-19 infection and our study is to be interpreted 

in that context. 
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